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Chapter 1 — About This Guide
1.1 Who is this guide for?

This guide is concerned with the analysis of climatic data. It is for four types of reader:

Those concerned with the collection of climatic data. This includes staff at meteorological
services, but there are many others. For example schools and colleges, farms, agricultural
institutes and many individuals who collect climatic records.

The second group is the users who need the results from an analysis of climatic data. They are
in many walks of life, including agriculture, health, flood prevention, water supply, building,
tourism and insurance.

The other two groups are concerned more with teaching and learning statistics. Looking at
climatic data is an application of interest to most people; partly because of the effects that
climate has on many other areas.

So the third group is those who teach statistics. This guide shows how simple statistical ideas
are used in solving practical problems in one application area. The key concepts of sensible
data handling are the same whatever the area.

The final group consists of those who have to learn statistics. Many people recognise that they
need statistics skills for their work, but sometimes find their statistics courses are difficult to
relate to real life. The materials here are complementary, by starting with the application and
considering the statistical ideas that are needed to process the data.

These groups overlap. For example, many users of climatic data are also conscious of their
need for training in statistics.

1.2 Whyis it needed?

Many organisations have devoted more effort to collecting climatic data than to their subsequent
analysis. This is similar to other areas where monitoring data are collected routinely.
Sometimes the excuse for the lack of analysis is that the quality of the data is suspect. This is
not a good reason, because one way to improve data quality is to analyse the existing data to
demonstrate their importance and shortcomings.

It is also useful if those who collect data can do their own analysis. This is highly motivating for
staff and an excellent way to encourage good data quality.

Some familiarity with the use of software under Windows is assumed. Knowledge of statistics is
useful, but not essential for most chapters. Indeed, though this guide cannot substitute for a
conventional statistics book, users do learn many general ideas through seeing where different
techniques are useful.

1.3 What software is used?

The analyses use Instat, a simple general statistics package that also includes a range of
special facilities to simplify the processing of climatic data.

In general Instat is used for 3 purposes.

It is designed to support the teaching of statistics. Most statistics packages are designed to
process data, though they can be used in teaching. Instat is the other way round.

It is designed to support the analysis of climatic data.

It introduces what is meant by a statistics package. This is mainly for those who currently use
only spreadsheets for their statistical work. Where Instat is not powerful enough, it can be a
stepping-stone, to a more powerful statistics package.

Instat is similar to, but is not as powerful as the standard commercial statistics packages. It was
first developed in the early 1980s as a simple general statistics package that was designed
particularly to support the teaching of statistics. The facilities for climatic analysis were also
added from the 1980s.
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1.4 What is in this guide?

lllustrations and ‘route maps’ are provided in all chapters for those who just wish to study
particular topics. We hope that some users will enjoy the way the ideas unfold in successive
chapters, but do not assume that readers will wish to look at every chapter.

How much practice is needed, depends on users current experience in statistical computing.
Those who are relatively inexperienced, or have never used a statistics package, may be
surprised at how easy the ideas and the software are. However, beginners need practice, so
just reading the guide will not be so effective.

Those with some experience of a statistics package, should find that Instat is similar to most
other packages. The practice is not so important, because they should be able to visualise the
results from just reading the text.

The material up to Chapter 7, uses only simple statistical ideas. Those who are fearful of
statistics should find there is little difficulty and also be pleasantly surprised how much they
have learned of processing climatic data and of the concepts of data processing generally.

Chapters 8 to 10 show how data analysis in any field is more interesting if users know about the
background to their subject. As illustration there are ideas from biology in Chapter 8 and
physics in Chapter 9, though neither are essential for the key ideas in either chapter.

More general ideas of statistics are used from Chapter 11 and other statistical packages are
mentioned, in addition to Instat.

All the data sets used for illustration are supplied, both as Instat files, and as Excel
spreadsheets. Chapter 3 describes how the data are organised, so readers can substitute their
own data for the examples in later chapters.

The analysis of the climatic records is often a two-stage process. The first stage reduces the
raw, often daily, data to a semi-processed form in terms of key summaries that correspond to
users' needs. The second stage involves processing these summaries.

This two-stage process is typical of the processing of many types of data, and is one reason
why users often find their statistics course did not seem relevant to real-world problems. Many
courses use only small sets of semi-processed data that are tailored to the particular topic being
taught. However, the real world starts with the raw data, and these are often quite large.
Chapter 4 describes how to look at the raw data and Chapters 5 and 6, show how these data
can be reduced in ways that can be “tailored” to the needs of the user.

The tools for this data reduction phase constitute most of the climatic part of Instat.

Chapter 7 considers simple ways that the summarised data (from the first stage) can be
analysed. By the end of this chapter we will have covered many of the key concepts that are
needed for a full analysis of the climatic data. Readers may also be surprised that although we
are halfway through, we have yet to introduce ideas that are more complicated than descriptive
statistics.

The examples in these first chapters are mainly of rainfall records, though the methods apply
equally to other climatic variables, like wind speed and temperature data. Rainfall is however
the most commonly measured and in many countries it is the single most important variable.

Chapters 8 to 10 are slightly more specialised and may be of less interest to the general
statistical audience, so we first describe the remaining chapters. Chapter 11 illustrates a range
of topics that include the analysis of extremes, the use and misuse of correlations and the use
of regression methods to study crop-weather relations. Then Chapter 12 gives 3 case studies,
the first of which looks at 5 alternative methods of analysing rainfall data. This is based on a
real problem, and illustrates that, unlike in most training courses, there may be no best method
of analysis. The other examples concern a simple irrigation problem and the processing of
storm data, where records are available every 5 minutes.

Chapter 13 is the most ambitious. It describes a more recent method of analysing rainfall
records that is much more precise than the methods in common use. Hence it could be used
on quite short records, of perhaps 5 to 10 years, and give the same precision as with a 30-year
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record, using the simpler methods described in earlier chapters. This method is not new to
statisticians. What is newer is the attempt to describe and illustrate the method to a wide set of
readers, most of who are statistical sceptics.

If the claims made in this chapter are correct, then one application is to split long records into
subsets and try to quantify any climate change. So, while that the ideas are usable, even within
schools, their application is one of modern research.

Chapter 8 is devoted to the analysis of temperature data.

Chapter 9 describes agricultural climatology in general and then considers one aspect in detail,
namely the calculation of evaporation. The evaporation is the partner to the rainfall; it goes up
while the rainfall comes down. The suggested method of calculating evaporation makes use of
other climatic variables, usually sunshine, temperature, wind speed and humidity. This subject
is beloved of climatologists, because most have a physics background and they have here an
important application of these ideas. The more general reader may omit sections of this
chapter, but what is useful to see is how the quite complex ideas translate into simple Instat
dialogues that anyone can use.

Rainfall and evaporation are used together in Chapter 10, which describes a simple crop index
used for drought monitoring purposes. This is a useful index in its own right; also the methods
of analysis are the same as for many other more complicated crop models.

1.5 What else?

Readers who are not confident in computing or statistics should recognise the three different
subjects that are described here, namely climatology, statistics and computing. The material
becomes easier if you separate these subjects as far as possible.

Those who are adept in computing discover that sensible use of the computer is of great help in
their understanding of statistics. In contrast, beginners to computing, sometimes find it difficult
to use the computer in their statistics courses. They are still trying to master the computing
ideas and this becomes mixed with the statistical objectives.

Computing ideas are raised at various points in this guide, because users of Windows software
sometimes limit the analyses they conduct, by not exploiting the software fully. So we show
how Instat can be used in different ways, to solve problems raised by users in their needs for
data analysis. These sections should be recognised as computing topics and perhaps omitted
initially by those who are less experienced in computing.

Statistics and climatology have two features in common. Both are relevant to a wide range of
applications and many specialists in those application areas treat both statisticians and
climatologists as an unwelcome nuisance! Perhaps by working together they can be welcomed
a little more.
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Chapter 2 — Delivering products

2.1 Introduction

To use climatic data fully it is important to be able to deliver products. The examples in this
chapter describe the steps and the end-point in this process. Data are supplied in the right form
for the analysis. The objectives are specified and your task is to prepare the tables and graphs
for a report and a presentation.

The problem builds on a study in Southern Zambia. This is the most drought-prone area of the
country. Everyone knows that there is 'climate change'!' Some farmers are emigrating North,
citing climate change as their reason. However a local non-governmental organisation (NGO)
called the Conservation Farming Unit, questions this reasoning. They are not convinced that
any climate change has necessarily affected the farming practices. They therefore com-
missioned a study that used daily climatic data from a number of stations in Southern Zambia.
The results were supplied as a report, and presentations of the results were also made to the
NGO and to the local FAO Officers. The key conclusions were later made into a number of
short plays that were broadcast on local radio, and also played at village meetings.

This chapter uses data from Bulawayo in Zimbabwe, which has a similar pattern of rainfall to
Southern Zambia. We have been supplied with the daily data on rainfall and maximum and
minimum temperatures, from 1951 to 2001. Here, partly for simplicity, we largely use the
monthly summaries.

For the work in this chapter we draw an analogy with the preparation of a meal. The first key
requirement is that you have the food, which here is the climatic data. In a real meal, the food
may be supplied in a form that is ready for cooking, or it may need preparation prior to cooking.
Here the data are in pre-packed form, so the analysis can proceed quickly.

You also need the right tools. In a kitchen they are the saucepans, etc, while here they are the
computer, together with the required software.

You need some general cooking skills. These are the basic computing skills, plus initial skills of
Instat, at least from the tutorial.

Finally your objectives must be clear. This corresponds to having a specific meal in mind, so
that a recipe can be used. Of course you may have to adapt slightly as you go along. You might
find some oddities in the data, just as cooks have to improvise if they suddenly find that one of
the ingredients is not available.

If everything is well organised, the cook can prepares the meal very quickly. This is just what is
done in the products in this chapter. This leaves time to make sure the dishes, for us the
results, are presented attractively. Then users will enjoy consuming what is presented.

Section 2.2 describes the data and the production of the initial presentation graphs and tables.
In Section 2.3, they are incorporated into a report and a presentation. Then we look at how
further results can be produced, in Section 2.4. Finally we check what users need, so they are
able to deliver products in the future, with similar ease.

2.2 The data

Monthly data are used in this chapter. Daily data are the starting point in most of this guide,
because many of the objectives require daily data. But here the emphasis is on objectives for
which the monthly data are suitable.

The data are already in an Instat worksheet. Hence they can be opened from the library in Instat
library.
Note: lines that start with = indicate instructions that you should follow.

Instat
=  From the desktop double click on the Instat Plus icon
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From the opening screen select File = Open From Library as shown in Fig. 2.2a. Choose the
file called bulmon.wor, which is from Bulawayo, with monthly data.

Fig. 2.2a File menu Fig. 2.2b Monthly rainfall and temperature data from Bulawayo

&8 Current Worksheet - BULMON.WOR M=

IHS =
[ Instat-- for, Windows l Ennstants] Strings] Lahels] Title:

FIEM Edit Submit Manage  Grag w1 F| %2-F | %3 w24 V= E w7 e 29 |
Mew Worksheet,..  CtrHN Year  Month  rain raindavs Mtemp Meanmas Masmaz Meanmink Minmin
Cpen Warksheet,,,  Chrl+0 1 1951 | Jul 1.8 1 1323 2036 244 6.1 (I
Open From Librarsy. .. 2 1951 Aug 72 1 1613 Za1a 28.8 .03 46
Close Worksheet 3 1951 Sep 3 1 2013 2797 J36 12.29 74

4 1951 Ot 16.2 9 2233 2854 349 1612 125
Inpert/Expart g 5 | 1951 Nov 289 7 2118 2725 334 1504 M
Close 6 | 1951 Dec 506 9 216 272 311 1539 116
Save Chries 7 1951 Jan 308 15 20,98 20,06 29.8 1649 111
Save fs. . g 1951 Feb 07 a 2073 283 a3 1617 11
. e 9 | 1951 Mar | 92 2 2083 2757 317 1442 114
10 1957 Apr 4.6 1 1966 26.54 32 1278 9.4
11 1957 May 41 2 1819 22.42 29,7 9,33 1.1
12 1957 Jun 2.3 1 1466 20.6 24.2 a7 G
13 1952 Jul 1] 01481 21.92 26.1 7.69 4.7

14 1952 Aug 1] 0 1764 25,94 3.3 935 47|
>

=  Examine the worksheet (see Fig. 2.2b). The contents are as follows:

Column Type Description

X1-Year Factor(F)" There are 50 years of data, from July 1951 to April 2001.
The 'year' 1951 is from July 1951 to June 1952

X2 - Month Factor(F)  The levels of the factor are from July to June, to
correspond to the rainy season

X3 -rain Variate Monthly rainfall total (mm)

X4 - raindays Variate Number of rain days in each month (rain > 0.85mm)

X5 - Mtemp Variate Mean monthly temperature (degrees C)

X6 - Meanmax Variate Mean of the daily maximums in the month

X7 - Maxmax Variate Highest of the daily maximums

X8 - Meanmin Variate Mean of the daily minimums

X9 - Minmin Variate Lowest of the daily minimums

There are 598 rows of data in this worksheet, i.e. 50 years by 12 months (less a couple of
months).

The task is to write a short report that describes the patterns of rainfall and temperatures. One
aim is to assess whether there is obvious evidence of climate change. This evidence might
justify requesting the detailed (daily) data, to undertake a more detailed study.

The first step is to explore the data, and then consider how appropriate results could be
presented. To explore the data we start with a boxplot of the rainfall totals.

' Afactor' is a 'category' column, to allow summaries, etc to be given for each 'level'. For example the
Month factor in Fig. 2.2b has 12 levels, going from July to June.
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From the Graphics menu, choose Boxplot (Fig. 2-2c).
=  Complete the dialogue as shown in Fig. 2.2d.

Fig. 2-2c Graphics menu Fig. 2-2d Boxplot dialogue

X

BoxP lot
(e alge Statistics  Clima

Diata bo be plotted [~ Horizontal bosplot

Plat...

] ! W
i istagram. .. |

Probability Plot. ..

I Plot data paints instead of box

W Show outliers
[ Show confidence limits for medians

Frequency Chark. ., [v Connect medians

Summary Chart. .. WoMeanming ¥ [ Show means
Scatterplot,., v By
Stern and Leaf ... #2Month] Masimunm box widith
asirmnurn bos vwidt
[ and by 1

Load Graph... r Bow width propartional to
number of obzeryations

Title

|
Help | Feset Qancel| 1] |

The resulting plot is in Fig. 2.2e. It looks almost as though it could be tidied and put into a
presentation, or report. But at this early stage we are looking for oddities in the data.

There seems little that is odd, except perhaps that the minimum value in January, which is one
of the rainiest months, is zero, unlike November, December or February. As an example, we
investigate further.

Fig. 2.2e Resulting boxplots, showing also the graphics menu and toolbar

Bj; File Edit Chart  Window Help - 8 X
=FE ME| 9

300

= 200
&

100 4

|:|_

Jul Auy  Sep Oct Moy Dec  Jan Feb  Mar  Apr May  Jun
Month

As a first check, the steps below get the same information as Fig. 2.2e, but in a table.
From the Statistics menu, choose Tables and then Summary (Fig. 2-2f).
Complete the dialogue as shown in Fig. 2.2g.
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Fig. 2.2f Statistics menu Fig. 2.29g Summary tables dialogue

EEGE Climatic  Window Help
Summary Tables @
Summary k

I Frequency... Factarz Summary columns Summary statistics
|><2 < |><3 ¢ | [ Totals
Simple Modiels " M K [Var e ~ | T %softotal
) ) , ;
Analysis of Yariance wdraindays] m Means
Reqgressian r Mulkiple Respons #S[Mtemp] o
*E[Meanmax) [v Minima
Mon-Parametric r Load Table. .. #.7[M a=ma) b 1l [Lsosr Tueriies
Tirme Series 3 [ Weights v Medians
Survival » [ Filker v pper Quartiles
Probability Distributions. .. Two-way table(s) One-way table W :
Sample Size. .. [v Dizplay marging i* Hidden [ 5t Deviations
Calumn Factaors |_j ™ Dynamic [ Wariances
I = ;
Decimals |-|__I ™ Static ™ Counts
I Treat data columnz as a zeparate factor
Help | Rezet | Cancel ok

The resulting table is shown in Fig. 2.2h. Look particularly at January, to see that the years do
range from zero to over 300mm.

Fig. 2.2h Resulting table? showing also the tables menu bar

File Edit Struckure Format Daka  Plob Window  Help - O x
(== = T
Summary

bMonth  |Minrain | LOU rain | Medianrain | UG rain | kax rain

Jul 0.a 0.0 0.0 0.4 10.4
Aug 0.0 0.0 0.0 01 175
Sep 0.0 0.0 0.6 125 634
it 0.0 b3 eh.3 47 9 116.2
Mo 20k h31 678 1317 27a.4
Dec 233 BO.5 112.9 162.7 3121
Jan ............................................ IZI IJ c4 090 2119 o b
Feh 30 hid 91.2 14410 3276
bdar 03 124 39.4 04 1955
Apr 0.0 2 185 493 211.0
by 0.0 0.0 3.0 115 6749
Jun 0.0 0.0 0.0 14 LN
All 0.0 0.3 17.8 77 3276

Prepare a two-way table, as shown in Fig. 2.2i, to look at the individual values.

% In this table the bottom row is called 'All'. This is called the 'margin’ of the table, and in this case it gives
the annual values. You may choose to have tables with, or without their margins. With rainfall, the
margin will often be the annual total, as in Fig. 2.2;.
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The results are in Fig. 2.2j, and confirm there was no rain in January in 1955. You still need to
check if this was the only such year.

Fig. 2.2i two-way table Fig. 2.2 Resulting table, with zero in January
Summary Tables bdonth
Factors Sl SEmE Summa s oo | Jan | Feb |Mar |Apr | May | Jun | Al
<1, %3 ﬂ 3 ﬂ WV Totals H o
_ _ . 1951 308.0 1071 92 46 41 23 8430
1 [rear) *3rain] A I Esofb
tfraindays] — .. 19522406 1110 701 370 215 0.0 9303
igmtemp] D2 e 1953 200.8 1081 420 253 26 13 5266
KMo - L'”'ma[ 1954 2137 2609 1020 571 173 122 10935
—_— rMDT 1955 869 03 0.0 5632
=] b i
rrug I_UE'E": 1956 #5.7 1396 922 167 242 00 BOB.D
- PPEY qg87 2165 913 292 & 00 00 5906
Twa-way table(z] One-way table [ Mavime

Use structure = Sort, Fig. 2.2k and sort on the January data, Fig. 2.2I.

Fig. 2.2k Table menu items Fig. 2.2 Sorting on January rainfall

Sl =8 Format  Data  Plot Factar Lewvels of ather factars
Factors... y |Year ﬂ Factor Lewvel
Lewvels.,., e Month All

Merge. .. — o Azcending Surnmnary

Margins...

I

i Dezcending

Help R eszet

The results are in Fig. 2.2m and show there was just one year with zero rainfall in January. The
daily data could be used to look more closely, but with zero in just one year, there does not
seem much cause for concern, so we proceed with the analysis.

Fig. 2.2m Data sorted on the January values

banth —
Year |Jan Feb kdar Apr May | Jun Al
1986: . 0D 2140  §97 868 03 00  GB32
1969 E& B34 104 183 00 35 3360
1959 263 722 445 143 130 18 3291
1964 2656 5.9 26 10 46 00 4005
1976 305 2483 1205 12 BB 00 7509
1982 343 269 406 624 131 27 4336
1967 362 1139 104  B86 167 00 4044|.
£ ¥

One task is to give an idea of the pattern of rainfall in good and bad years. One way is through
a table that shows the two years with lowest total rainfall, the two with highest and two with
average total rainfall. We are aiming for the table in Fig. 2.2n.
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Fig. 2.2n Monthly rainfall from 6 'special’ years

hdanth

Year |Oct Mo Dec Jan Feb hdar Apr All

1972l 2]  a3]  as vos] 24| | 13| ees
19631 3] =) =l sl 5 2 1] ees
1985 230 w2} o 2| 5] 1 [ e
1956 | s sl 4l I a0 2] 17 [ ez
14l 5300 R o] s
Ay 3 [ 1 3 & B

This is an example of a presentation table, (rather than a table for data exploration). The
different rows indicate what the monthly rainfall may be like, in good, bad and 'middling' years.

There are some decisions to be made, before the table can be produced. Thus:

e s the table to be for all 12 months, or just those in the rainy season? We decide on just
the months October to April.

o We need the 'worst' and 'best’' years. With just the monthly data, we use the annual
totals for the definition. Will the totals be defined on the whole year, or just the 7 months
of the rainy season? We decide on the seasonal total.

The table is currently as shown in Fig. 2.2m. The following steps transform it into Fig. 2.2n.

From the table menu, choose Structure = Levels, Fig. 2.20. Complete it as shown in Fig. 2.20.
The option to exclude the levels is so they do not contribute to the total.

Fig. 2.20 Excluding months Fig. 2.2p Sorting on the seasonal total

Order and visibility of factor levels _ B Sort Factor, g@

Factors intable  Lewels of chosen factar Factar Levels of ather factars
hanth Month | Exclude | Visible ~ |"r"ea i ﬂ Fachar Level
Year Jul g Marth | Al

Aug is i Sumrar Sum rain
Sumrnany Sep | Ascendm_g -

Ot 0 — i~ Dezcending

Mo O

Dec O

Jan O b

Help R eszet Cancel ok

Choose the factor. Then drag the levels to the required
order. Levels can alzo be excluded from the table.

Help | Cancel | Apply | k. |

Return to the Structure = Sort dialogue, Fig. 2.2p. Sort this time on the seasonal rainfall totals.

Return to the Structure = Levels dialogue, Fig. 2.2q, and complete it as shown. Keep the two
years at the top, the two at the bottom, and 1985 and 1956 as two years round the middle.

Now use Structure = Margins. The final table, Fig. 2.2n, includes the side margin, but not the
bottom margin. Complete the dialogue as shown in Fig. 2.2r.
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Fig. 2.2 Keeping just the extreme and Fig. 2.2r Keeping just one margin
average years

Factors intable  Lewvel: of chosen factor i Simple

“ear |Exclude | “isible
1963
1973
1985
1956
1955
1589
1957

Yizible Inner
“ear |
b crith |

Show outer margins

[ Raows v Columnz

OO000000
O00ORROO

Help LCancel Apply ]

It remains to add the shading, which gives the impression of a series of bar charts, see
Fig. 2.2n. This uses the Format = Cells dialogue, Fig. 2.2s.

In Fig. 2.2s set the Apply option to Factor level, and choose the Month factor. Then set the
shading separately for each month.

We use the final column (maximum rainfall) in Fig. 2.2h to give the To value in Fig. 2.2s for each
month. The degree of shading will indicate the value in a particular year in relation to the year
with the maximum.

The example in Fig. 2.2s is for January. Choose the To value, and also the Fill colour
separately for each month.

Fig. 2.2s Creating a 'bar-chart' effect Fig. 2.2t Saving the table

Apply Edit Structure Format Data P
" Owerall  Headings  Marging @ Factor level
Load Table

Cell farmattin I—_| Close
: Henih d Close All Tables Shift+Ckrl+F3

[ Baold Tt eallEnn Jan - Save Ckrl+5
[ Italic

[ Lln.u:lerllne Backlgrcuund By l':'_j Save All Tables

[ Stikeout SO | Save to Workshest

. Conditional
Alignment General - B et Prink Chrl+p
Test Stvle Flat - Prink Preview, ..

[v Flood Exit

Sample

From ID— [~ Reverse l 737
Tl Structure  Faormat  Dat
To 75 I Flaod calaour Feset

[ary values greater than this are Fully Flooded| Ctri+C

Select Al Chrl+8

Help | Eeyioe] | e oK, |

Duplicate Table

The table is now as in Fig. 2.2n, and is to form part of a presentation. To save it, use File =
Save As, Fig. 2.2t. Saving the results as a table, for Excel, or Word is easy. But this does not
save the shading. Therefore save (for now) so it can load back into Instat at a later date. So
choose itb (Instat Table Format), and give it the name bulrain.itb.

To copy directly into a report we will later use Edit = Copy. This puts a copy into the Windows
clipboard, which can then be pasted (as Paste Special), into Word or Powerpoint.
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We have shown how a table can be used for data exploration and also for presentation. The
same applies to the graphs. Suppose the boxplot, shown in Fig. 2.2e, is suitable for a
presentation graph. As with the table, check first whether there are any general improvements
and one is perhaps to add the means to the display.

From the Graphics menu, select Boxplot again (Fig. 2-2u) and add the option to show and
connect the means.

Fig. 2.2u Boxplot with means Fig. 2.2v Editing the graph
BoxP lot

I'LLE: @
Data to be plotted [~ Haorizontal boxplot — L
3 ﬂ [ Plat data paints instead
=1l ear) -~
#2[Month] _ [
=3rain] [v Show outliers :
ig%ﬁﬂﬁ]&] [ Show confidence limits |
#46{M earnmas) [v Connect medians T |t
H M aurnan) e . |5
ABMeanmin) M v ahow means
W By [ Connect means
.2k onth) -

b airurn box width
[ and by lﬁ

Use the toolbar to edit the graph to give something like Fig. 2.2x, as follows.
=  Edit the line style to give a thickness of 2 for the means and medians.

=  Edit the y-axis to give a more informative label, to give the tick marks at intervals of
100, and to add a grid.

Edit the x-axis so there is no label.
Edit the titles, to add a footnote that is right justified.

Fig. 2.2x The graph ready for a report

=
=

3004

2004

1001

monthly rainfall {mm)

)
Jul Auy Sep Oct Moy Dec  Jan Feb Mar Apr May  Jun
Manthly data for Bolawayo 19512000
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Fig. 2.2x indicates that the data are slightly skew — the mean is usually slightly higher than the
median. The median rainfall is about 100mm from November to February. These are the main
months so this is consistent with an annual median of 563mm and a mean of 603mm?.

Fig. 2.2y Save or export the Fig. 2.2z Saving as an emf file
graph
-8 Edit Chart ‘Window Help F"u:turel Native] Data ]
Load Graph Format DOplions l Size l
Close a3 r-.-1etafile
Close Al Graphs  Shift+Ct+F3 as Bitmap
R as LI|3F|~EG ¥ Enhanced
az
Save Ckrl+5 =
az POF
Save All Graphs az PoztSorpt
Export., ..
Print... Chrl+P
Prink Pressiew, ..
Copy | Save.. M Send... Claze

Save this graph using File = Save As, see Fig. 2.2y. Give it the name bulmonZl.igt®. It can
now be read back into Instat on a future occasion, for further editing if needed.

Also use File = Export to save a version, see Fig. 2.2z, called bulmonl.emf°. This is now
ready to be inserted into a report or presentation.

In this section we have used graphs and tables, both to explore the (rainfall) data, and to
prepare a graph (Fig. 2.2x) and a table (Fig. 2.2n) for a report. In the next section we include
these figures in a report and a presentation.

2.3 Including results in areport and presentation
We start by showing how a graph can be included in a report. There are three possibilities:
1 The graph is prepared in Instat, for example as in Fig. 2.2x. This graph is to be
exported as a picture, which is then to be displayed in a document, or a presentation.
2 The graph is prepared in Instat. Then the data behind the graph is to be exported to a
preferred graphics package, for example to Excel. The graph is then constructed in
Excel and put into the report.
3 The data are copied from an Instat worksheet into another package, e.g. Excel. Then
the graph is constructed in that package.

For the first route, with the graph as the current Window, choose File = Export as shown
earlier in Fig. 2.2y. This gives the dialogue shown in Fig. 2.2z. A popular format is then to save
the file as an Enhanced Metafile (emf), as shown in Fig. 2.2z.

Then, if using Microsoft Office, go into either Word or PowerPoint. From within either package
use Insert =Picture = From File as shown for Word in Fig. 2.3a.

® One way to get the annual values is to use Statistics = Summary = Column Statistics. Set X3 as
the data column, and Year as the By factor. Produce the Sums, and save them, possibly into X10. This
gives the annual total each year. Then use Statistics = Summary = Describe on X10 to give the
mean of 603mm and median of 563mm.

* In the file extension igt, the i and g are for Instat graphics. The t is because we are using an add-in to
produce the graphics called TeeChart.

® The extension emf stands for 'enhanced metafile'. This is a standard format for a graphics file, that can
be read into many other software packages.

03 January 2006 13



2 — Delivering Products Instat Climatic Guide

Fig. 2.3a Microsoft Word menu to insert a picture

Inserk Format Tools Table MathType ‘Window Help

Symbal. .. g ‘@| KD v [H

p U=
Index and Tables. .. 1

e e
b E Erom File. ..

@ Aukoshapes
4 Warddrt, ..

@' From Scanner ar Camera...

ﬂ Chart

Then browse to find the file you saved, Fig. 2.3b, and click to insert it in the document or
presentation.

If the picture in Fig. 2.3b fails to appear, then try a different format. For example the file would
be saved as an ordinary metafile (extension wmf) if you untick the option in Fig. 2.2z. This
sometimes imports when emf files do not.

i | @
il | B

Fooknote... =

Fig. 2.3b Microsoft Word dialogue to insert a picture

Inzert Picture 7| |
Look in: |[:| CLIMFIG2 ~| & |@ O E - Tods -

Wm) CH2_218.EMF -]
Wm) CHz_219.EMF

W) CHz_22 EMF
W) CH2_220.EMF

@ CHZ_Z21.EMF
ﬁ' WEs) CHZ_222 EMF S T By T Lt TP

LR e | M) CH2_223A.EMF
W) CH2_2238.EMF
W) CH2_223C.EMF
. CHZ_224.EMF

D) CH2_225.EVF e AR R PFY

W) CHz_226.EMF i e
W) CHz_23.EMF
W) CHz_24.EMF
W) CH2_25.EMF

W) CHz_26.EMF |

File narne: I j | Insert vI
Files of bype: I.ﬁ.ll Fictures l{*.emf;*.wmf;*.jpg;*.jpeg;*.jFiF;*.jpE;*.png;:j Cancel |
For the second route, produce the graph in Instat, as before, but there is no reason to edit the

picture in Instat. Use File = Export as above to give the dialogue in Fig. 2.2z. Then use the tab
to export the data, see Fig. 2.3c.

i peinle ] i
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Fig. 2.3c Instat’s File = Export dialogue to export the data to Excel

Export Dialog
F'iu:turel Mative Data I

Sefies:  (al] = iﬂnlﬁﬁt Index

= iis: [+ Paint Labels

" Text [ Header

 pl [ Point Colors

" HTHL T able Delimiter:

@ Excel Tab =

Capy Save... Send... | Cloze

For the third route, where the graph is constructed using a different package, you export the
data from Instat, possibly by marking it in the worksheet and copying to the clipboard, and then
into your graphics package, or Excel. Then you proceed with that package.

Within Word, your document will look much more consistent and professional if you use styles
consistently. Perhaps the computing section in your organisation has prepared a standard
template, so that all Word documents have headings, page numbering, figures and tables that
are presented in a consistent manner.
Exporting an Instat table is a similar process to the export of a graph. The options are
described in more detail in the Instat Introductory Guide, Section 13.11, and are outlined here.
From the Instat table, you have two main alternatives:

1 Export the data in the table to Excel or to a Word table, so the numbers, and headings

can be edited.

2 Export to Word or Powerpoint as a picture.
To export the data, make sure the table in Instat is the active Window, and use the File menu.
Fig. 2.3d shows the menu (left) and some of the different export formats (right).

Fig. 2.3d Exporting a table from Instat

3 Instat+ for Windo

File Edit Structure | File nane: j
Load Table Save as ype: [nztat table format [*itb) j
Cloze |nztat table farmat [7ith]

Cloze &l T ables ASCI Test File [*.txt]
S ave ) Comma separated ASCI [ cev)
= Rich Texst Forrnat [*tf
fadeb Pages [ htm-* himl]

Save All Tables
Save to Waorksheet

Print
Frint Prewiew. ..

Choosing html (see Fig. 2.3d) exports to a format that can be read by Excel with most of the
formatting intact. The data can be edited further in Excel, or transferred to Word or PowerPoint.

An alternative, is to save as an rtf file. This does not preserve colours of the cells, etc, in Word,
but does transfer as a Word table, which can then be edited and formatted within Word.

Some features from an Instat table, like the flooding, have no equivalent in Word or Excel.
Save the table as a picture, if these are to be transferred, or if the table is to be put straight into
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a Powerpoint presentation. To do this, use Edit = Copy, with the table as the active active
window. Then go into Word or Powerpoint, and use Edit = Paste Special, and choose the
option to copy the file as a picture.

Finally, if you are copying pictures a lot, then it is useful to have screen capture and editing
software. One option is called Paintshop Pro, but there are many alternatives, for example
Grabit, or Snagit. They offer options of saving pictures in a range of formats, as well as
choosing parts of the screen to capture, etc. For example, if you wished to capture an Instat
dialogue, or menu option, then it could be done by using the Print Screen key, and editing the
screen in Word. An alternative with special software would be to capture just the dialogue, or
the particular part of the screen.

2.4 Practice

The further examples used in this section are with the number of rain days and the temperature
data.

Start with an exploratory plot of the mean temperatures.
Use the boxplot dialogue, with X5, as shown in Fig. 2.4a.

Fig. 2.4a Boxplot dialogue  Fig. 2.4b Results for mean temperatures (Mtemp in x5)

BoxPlot O %
22
D ata to be platted [~ Harizanta =
k5 ﬂ [ Plat data g
=1[Year) A wm 20
w2 Manth) D
#3rain) v Show out o
H(raindaysz) B Slhern em %
#alktemp) —
#G(Meanmanx) v Connect | % 151
7 [M a=mas] ©
HAMeanmin) ¥ [ Show me T
Cq: T T T T T T T T T T T T
v By Jul Aug Sep Oct Moy Dec Jan Feb Mar  Apr May  Jun
we(Manth) -
b amirnurn bios

The results are in Fig. 2.4b. They show an oddity in September, where one year has a mean
that is very low, compared to the others. The methods in Section 2.2 can be used to show that
this oddity is in 1953. We then examined the daily data (Fig. 2.4c) to investigate further. The
figure shows that there was a very cold spell from 16th to 18th September. There doesn’t seem
any reason to doubt the data, so we continue.
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Fig. 2.4c Daily data for the 'odd’ year

wd =R B T ”
kMadtemp Mintemp  Rain D ate
a0z 273 108 0 09-5ep-53
a03 a0 a9 0 10-5ep-53
an4 245 116 0 11-5ep-53
a05 227 106 0 12-5ep-53
206 269 6.9 0 13-5ep-53
a0y an.z a3 0 14-5ep-53
a0s 2h8 14.2 0 15-5ep-53
a09 A6 0 16-5ep-53
a10 ] 0 17-5ep-53
a1l B.1 0 18-5ep-53
a1z B9 0 19-5ep-h3 | ¥
< >

Return to the boxplot dialogue, Fig. 2.4a, and add x7 and x9. Uncheck the box to connect the
medians, and check to give a horizontal plot. The result is shown in Fig. 2.4d.

minimum of X9.

03 January 2006

Fig. 2.4d Plot of extreme and mean temperatures
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Only in June have the minimum temperatures have dropped below zero. The highest maximum
temperatures are between September and November. The record maximum was 38 degrees.

One objective was to assess whether there is any evidence of climate change. We therefore
look at the means for each year for the mean monthly temperatures, (x5, x6 and x8) and also at
the minimums for the minima, (x9) and the maximums for the maxima (x7).

Use statistics = Tables = General, Fig. 2.4e. The factor column is X1(Year). First use X5, X6
and X8 as summary columns, and give the mean. Then give the maximum of X7 and the
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Fig. 2.4e Giving five summary statistics

actaors Surnmary Calurng Summary Statistic

1 ﬂ |><ZE| ﬂ |E:-:treme3 fear

#3rain) ~ Counts 1951
#2{Manth] #Araindays) Percentages f
*A[Mtemp] Tatals 1952
WEMeanmar] ¥ Averages
[ Filter I wWeights Spread 1353
P il
Twu-wgy table(s) _ - P?;;E:iloiss 14954
Iw Display marging Ewizting Statistics
| b [4:0:25, %E, <8 Edreme 1955
Column Factors 2 eans4.0: x5, <k, P
|_;| M;i:-.:ima[S;U;X?;] O biliviel @ L 1555
Decimals |‘|_i|I Minirmal2:0:39:]
Table Mumber Clear Statistics | hc 1957
19564
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Fig. 2.4f Results for each year

General tables r % Summary
F

Mean b Mean b Mean k| bMax b4z Min Mir

19.3

2h.2
2h.0
2h.2
24.49
255
26.3
26.5
26.2
26.2

12.7
12.8
123
12.7
123
121
13.2
125
12.4

34.9
34.4
35.8
36.3
36.2
371
35.0
35.4
357

Use Structure = Margins to get rid of the margin, and then use Plot = Create Graph from

Summaries to provide a line plot from the table, Fig. 2.49.

There is a possible indication of climate change, in a slight rise, particularly in the mean and
maximum temperatures. In a confirmatory study, this can be assessed using regression

analysis.

Fig. 2.4g Time-series plot for temperatures

&7

[ [N ]
L] L]

=
-

Temperatures (deg C)
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hean Meanmin

However, for agriculture it is the pattern of rainfall that is more important. So return to the

rainfall data. The start of the season is particularly important, so look at the data for November.

This is the 5" month (starting from July).

Generate a column to distinguish November from the other months, see Fig. 2.4h. The result is

in Fig. 2.4i.
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Fig. 2.4h Logical calculation to select Fig. 2.4i Results
November data

k — Year Month  rain  raindays

[<2=5 <] 4 | 1951 Oct | 1162 g o
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Now use Statistics = Tables = Summary, Fig. 2.4j, with X1 (Year) as the factor and both x3
(rain) and x4 (raindays) as the columns to summarise. Use the Totals as the summary, and
uncheck the option to give the margin.

=  To enable the graph to show the rainfall totals and the raindays together, scale the rain
column by 0.1, Fig. 2-4k, effectively giving rainfall in cms rather than mm.

Fig. 2.4j Totals and raindays in Fig. 2.4k (Tables) Data = Scale
November
Summary Tables Scaling of data in table
Factors Summary columrs Summary : " Dweral {* For individual statistics
1 ﬂ #3, %4 ﬂ v Totals Origin| Scale
=1[vear) #=3(rain] 'y [ &'sof Sum rain
= 2[b onth) FA[raindaysz] J Sum rainday:
‘M ternp] T Means
HEMeanmax) [ Minirnz
L
(M arrnan] B vt
[ ‘weights [ Meda
[+ Filter |><11 j [ Upper
Twia-way tablefz] Ore-way table [ Mawim Help | S ‘ B ‘ ok |
[ fizplay marging | |+ Hidden [ St De

Then use Plot = Summary to give the graph shown in Fig. 2.4l. We have edited it slightly, to
include it in a report or a presentation. It does not indicate any climate change.
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Fig. 2.4l Rain days and rainfall totals (cms) in November
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The graphs in Fig. 2.4d, 2.4g and 2.4| can be saved, using File = Export, and added to a report
or a presentation.

2.5 In conclusion

In this supposed report, one objective is to assess the case for a more comprehensive study,
particularly to investigate the possibility of climate change in more detail. This would use the
original (daily) data from a number of stations. We believe that this initial analysis makes the
case.

In section 2.1 we stressed that the analysis is relatively easy if all components are in place.
This was particularly that the data were organised so that the analyses could be performed
directly. And there were no major oddities in the data.

More care is needed if the analyses were to be included in a final, rather than a draft report. For
example the maximum temperatures are in December and this is ok with a file starting in July.
But the minimum annual temperatures are round June/July, and this should be done with a
factor column that starts in January, not one starting in July.

On the organisational side — at some stage staff may need training in good use of a word
processor and presentation software. Basic training can be done by self-study. In a more
advanced course, staff could learn about how to use templates that have been prepared for
them. Computing staff should learn how to construct templates, and also how to make them
accessible to all the other staff.
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Chapter 3 — Preparing Climatic Data

3.1 Introduction

Section 3.2 lists the datasets used in this guide. Readers will also wish to analyse their own
data. Sometimes these have first to be entered, an easy task if there is not too much. Ways
that data can be entered are described in Sections 3.3 and 3.4.

Users may already have data in computerised form, which they wish to import into Instat, or to
another statistics package. If the data are currently in a spreadsheet, they are easily imported
into any statistics package. This is also described in Sections 3.3 and 3.4, because a
spreadsheet is a convenient way of entering data.

For users who are inexperienced in computing there are some sections of this chapter that
could be omitted at this stage. For example:

¢ Just follow Section 3.2, or this introduction and then omit the chapter for now.

¢ |Initially just use the data sets provided. Using your own data adds a level of complexity
in computing that is separate from the ideas of analysis described in the next few
chapters.

e Consciously separate the computing, statistics and climatic ideas in this guide. Come
back to this chapter when you are ready to analyse some of your own data.

¢ If you already have your own data files, they may be organised in ways that can be
awkward to import for analysis. Sometimes data are in 'ASCII' files, which are files that
can be looked at in a simple editor, such as Notepad. Alternatively Instat also has its
own editor. Importing data effectively can take time and more expertise than is assumed
for most of this book. Some guidelines are in Section 3.5, and readers who do not have
this problem can omit this section.

Section 3.6 describes the procedure for exporting data from Instat, so the analysis can, if
necessary, use other software in addition.

If you have a large amount of climatic data then it is important to recognise the data manage-
ment stage and consider how the data can be organised. Allow sufficient time for the data
management, which can take longer than the subsequent analysis. Entry into a spreadsheet, or
directly into a statistics package is not advisable for large volumes of data and the Clicom and
ClimSoft projects are described briefly in Section 3.7. Clicom is an initiative that has been
coordinated by WMO (World Meteorological Organisation) for the last 20 years. This project is
particularly to provide a database system for Meteorological Services in developing countries to
enter their climatic data. ClimSoft is intended as a replacement for Clicom.

Data from the current Clicom can easily be imported into Instat.

3.2 Using existing data sets

When Instat is installed, sample datasets are also automatically installed in a 'read only' folder.
These are used to illustrate all the analyses described in this guide, such as those in Chapter 2.
Use File = Open From Library, as shown in Fig. 3.2a to open any of these worksheets. When
you make changes, they will be saved in your working folder. Thus the original version can
always be reopened from the library if needed.

Fig. 3.2a Choosing a worksheet from the Library

File = Open From Library
Select a fTile and click Open
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As an example, look at the file called sammonth.wor. This contains monthly rainfall totals for
the 56 years from 1928 to 1983 for Samaru, a station in the North of Nigeria.

The aim here is primarily to show how Windows statistics packages are used, rather than to
analyse data. We need some results for illustration, so use Statistics = Summary = Column
Statistics and complete the dialogue as shown in Fig. 3.2b. Click on the Save tab (Fig. 3.2c) so
the means are also saved to the worksheet. When you press OK, the output window, will look
as shown in Fig. 3.2e. The monthly means are also saved in the worksheet, see X14 in

Fig. 3.2e.

Fig. 3.2b Calculate monthly means Fig. 3.2c Save tab

Statistics = Summary = Column Statistics

Column Statistics Column Statistics

General | Sawe | Options General Eave Options
Available data Statizticz required v Save statistics
[~ Count Count
[w Sum S <14 —
[ Mean
kean
[ St dew.
St dev.
| Percentiles
F'eru:entagn_a
[ Propaortions or Prababiliy

[ Save fitted values and deviations

If you maximise Instat, so it uses the whole screen, and then use window = Tile Vertical as
shown in Fig. 3.2d, your screen should look roughly as shown in Fig. 3.2e. There are other
options that you can use from the menu in Fig. 3.2d. You can choose to tile the screen horizon-
tally if you prefer. Because these options are used frequently both have a 'shortcut' of <F2> or
<Shift+F2>.
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Fig. 3.2d Windows menu Fig. 3.2e Tiled Worksheet and Commands and
Output windows
Wimdio HE||:I =¥ Current w ;I_[ ;'EI Commands a._. !EE
{  Cascade Calurnrs |Eunstants| Stringsl La
Tile Yertical = | ks | 514 | Column Mean
Tile Horizankal hift+Fz Total L)
Minirise Al 1 126234 01885714 | 0. 1586
Restore Al 2 128418 0.9660714 |- 0. 9661
3 1044.73) 5946964
Restore Graphs Mar 5.947
4 ng7.82  37.38E7z) |, S
Restore Tables § | 119816 1204355 lyop :
- : Mav 120.5
— RN PO
. -, X 5 Jul 219.9
Save Window F'u:15|.t|.|:|ns Chrl+F2 5 643 27595 |auy i
Reset Default Positions g 15032 2148336 |gep 214.8
. 10 93298 3380518 |oct 33.81
v fAuto Cascade Graphs Shift+F3 11 am7 08 10mai4  How 1.065
12 1129.27 00725 (|Pec 0.0725
13 910.82 :
14 1033.97
ol [

So, statistics packages have two different types of Window. They have one that looks like a
spreadsheet for the data, and a second that looks more like an editor or word processor for the
results.

Saving the data or results uses the File = Save As menu (Fig. 3.2f). Click somewhere in the
worksheet (so it is the current Window) to save the data file, including the new contents of x13
and x14, into your working folder. You will usually keep the same name as it had in the library.

Saving the results is usually done in one of two ways. If you move to the 'Commands and
Output' Window and click anywhere in it, you can use File = Save As, shown in Fig. 3.2f to
save all the output at any stage. Then use Edit = Select All (Fig. 3.2g) and press the <Delete>
key or use Edit = Ccut to clear the output window for the next stage in the analysis.

Fig. 3.2f Save the results Fig. 3.2g Delete output
File = Save As Edit = Select All
=8 Edit Submit Manage Grapk T Submit  Manage Graphics Sl
Mew Worksheet, ., Chrl+M [
Cpen wWorksheet, .,  Chrl+0 Lk Chrl+ b
Cpen From Library, .. Copy Chrl4C
Close Wiorksheet Copy Special Chrl4
I E " R Paste ChEl+Y
pOrH=scpor Clear Del
Close Select Al

Save Chrl+5

Prink. .. Ckrl4+P
Prinkt Preview. ..

An alternative is to open a word processor at the same time and copy results over, as you
produce them. To do this, mark the output to copy and then use Edit = Copy (or <Ctrl + C>).
Then move to the Word processor and paste the results.

Statistics packages have a few more types of Window, for example for graphs, as you have
already seen in Chapter 2. Copying graphs into a report is described in Chapters 2.3 and 4.2.

This feature of multiple types of window is different from spreadsheet packages.
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In Fig. 3.2e the worksheet window shows some of the data in the current Instat worksheet. If
you use Manage = Worksheet Information, as shown in Fig. 3.2h the resulting dialogue,
Fig. 3.2i gives details of the size of the worksheet and how many columns, etc, already have
data.

Fig. 3.2h Manage menu Fig. 3.2i Worksheet information dialogue
Manage = Worksheet Information

Graphics Statiskics &, Current Worksheet Information
3 € Columing (%) € Constants (K] € Stings [S) ¢ Labels [L] € S5P Matrix [v)
Calculations. ..
Data » ‘orksheet flename [\ vDOCU~15WORKING \SAMMONTH wOR
. Title |Sama|umonth\y totals for 1925-1983
f‘-"lanlpl_llate y MNumber  Length In Use Urused
REShapE ] Shrings |—5 I—SU I—U |_5 Missing value codss
Column Properties 3 Lebele [ [ [0 [ 2 MO [
Constants |_5 I_ I_g |_5 M) [gaa0
Resize Workshest. ., Boums  [700) [ 5| [ 4] [ e ME [sses
Warksheet Information. .. S N D
|

From Fig. 3.2i selecting the 'Columns' option gives more details about the number of items of
data in each column, and so on (see Fig. 3.2)).

Fig. 3.2] Information about a worksheet Fig. 3.2k Change worksheet size
&, Current Worksheet Information Man age = Resize Worksheet
=} Constants (K] € Stingz [5] € Labels [L) € SSP Matriz [¥) Worksheet sizes
Colurnn | MHame | Type | Length | Statuz - .
& Used ( Free A Jan Y ariate a3 Uzer log Sizes Mumhb L th
"2 Feb Y ariate 56 Uszer log N Er;l (EH] .
Detail: of colurnmsf] § i ::I;r ﬁ:;:zt: gg H::: :EE Data colurnng "1 oo —=1 |EE ==
®h May W ariate 56 Uszer lac =1
Humber in work sheet I 100/ %6 Jun Variate  Gh 1ser o Corstants 2 =]
. w7 Jul Variate 56 Uzer loc . |
M zximuirn Length I 56 |wa Aug Yariate 56 Uzer lag St”ngs |5 N | |
Murnber i I— ® 49 Sep " ariate 56 Uzer lac . .
MBI LSS = #10 Oct Varate 96 U zer lac Label columnz 2 j |3I3 Ill
Murnber unuzed I apl s 1 Mo Yariate 56 Uszer loc__|
12 Dec Yarate 56 Izer lac SSP rnathis |'| Jur | |'| 0 |
XI13 Total VYariate | BE Iser loc > = =]
4 »

o |

Unlike most statistics packages, worksheets in Instat are a fixed size determined, when first
creating the file, using File = New Worksheet®. When the monthly means were calculated
above, see Fig. 3.2b, we chose to save them as a further column in the worksheet. This is so
they could themselves be analysed when needed. Sometimes the worksheet is not large
enough for your work. Then use the Manage = Resize Worksheet dialogue as shown in

Fig. 3.2k. Here you can change any of the dimensions.

However, there are limits. In the current Instat, a single worksheet cannot have more than 127
columns of data, i.e. variables. This is a little like a spreadsheet, where the maximum width is
usually 255 columns. If you need more columns in a single worksheet then you have to move
to a more powerful statistics package, where most can handle an effectively unlimited number
of columns.

Currently Instat columns also have a limited length, i.e. number of cases. Many datasets in this
guide have a column length of 366 and that is fine. Instat’s current limit is about 32,000 rows.

® The Edit = Options dialogue may be used to change this initial size.
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This compares with the limit of about 64,000 rows in a typical spreadsheet package, while most
other statistics packages have no fixed limit.

In constructing Instat, we have tried to make it as consistent with other Windows software where
possible. There is one difference that is illustrated by opening a new file from the library, called
samsmall.wor.

Opening this new worksheet has closed the previous worksheet automatically. You can only
have one worksheet open at a time. Also, you will be asked whether you want to save the
changed worksheet, which now has the means added.

Instat copied the worksheet that was opened into a temporary directory. There it saves the
current state of the worksheet, whenever there is a change. So the annual totals are safe.
When you close that worksheet, or open a new one, Instat will ask if you want to save the
changes. Alternatively you could use File = Save or File = Save As at any time, when it will
suggest that the worksheet be saved into your current working directory. Then it will delete the
copy from the temporary directory, once you move to a new one.

This automatic saving of the current worksheet in the temporary directory means that you
should not lose data if there is ever a power cut, or even a problem in Windows or Instat. In that
case it will still have a copy in the temporary directory, and will ask you if you wish to continue,
with that worksheet, when you next start Instat.

Fig. 3.2l Worksheet Editor Fig. 3.2m Current worksheet, sammonth and
Edit = Run Worksheet Editor samsmall in worksheet editor
W Submit Manage  Graphics 3 [3] Worksheet E ditor M= 3 m 5 =] 3
Eile Edit ‘window Help File  Edit Submit Manage
0= x| phics  Statistice  Climatic
Cuk Chrl4 —ym k | & = IE[ | 7 dow  Help & x|
3 orkzheetd - E!
Copy Chrl+C : SEHES| R X
. Constantsl Stnngsl Labelsl T
Copy Special Chrl | " | % 4] v | 9
Paste ChrlHY R1530 R1931 1932
Clear el 133 5_32 g lurmnng I Eonstantsl Stringsl Labelsl
Select Al CErl+A 141 ] ] )i | oxe | .
142 38 i 21. Jan Feb B
Find. .. Chrl+F 143 D 5.41 ®=— ] 0 D
144 051 a e | ] 0
Replace. .. Zhrl+H HE Ol e ] 5| 0 0
Fan Chrl+T 145 1651 0 20, i 0 0
147 0 i | ] 107
Run Worksheet Editor F7 148 o ] E | 0.25 ]
143 i 315 7 ] i
’ » 150 i i | o 0 =
Edit Text 151 711 g |;I Sl »
Edit Macro r 4l f
command Ll:Il;Il;IiI'Ig » ﬂ M tent warkshest: SAMMONTH WOR o

If Instat can only have one worksheet open at a time, you may wonder how you can transfer
data between different worksheets. There are two main ways. Later in this guide the Manage
= Duplicate(Copy Columns) dialogue is used, but here we introduce the Edit = Run
Worksheet Editor as shown in Fig. 3.2l. This is a separate editor to enter and edit data. This
special worksheet editor can have more than one worksheet open and copy between them, or
from one of these worksheets to the main worksheet that is being used for analysis. This
worksheet editor has its own menus and just saves to the disc when you choose its File = Save.
Fig. 3.2m shows the current worksheet Sammonth.wor and the worksheet Samsmall.wor
which has been opened into the Worksheet Editor.
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Finally in this section, in Fig. 3.2n lists the climatic worksheets that are used in this book. There
are a total of 19 files from 10 stations.

Fig. 3.2n Climatic Worksheets
Name Description Chapters

Bohicon.wor Bohicon, Benin: 1983 daily climatic data

Bulawayo.wor Bulawayo, Zimbabwe: 1951-2000 daily data for
rainfall and temperatures

Bulmon.wor Bulawayo: monthly summaries or rainfall and 2
temperature data

Kayes.wor Monthly data from Kayes in Mali 9

Kurun7.wor Weekly rainfall totals from Kurunegala, Sri Lanka, for 12
1950 to 1983

Kurunega.wor Daily rainfall data from Kurunegala, Sri Lanka, for 11, 13, 15
1950 to 1983

Madaw.wor Daily rainfall data from Madawachchiya, in the North 12
of Sri Lanka, from 1891 to 1978

Malawicr.wor 10 day data for 27 years from a site in Malawi 10

Niatemp.wor Monthly maximum and minimum temperatures from 2, 3
Niamey, Niger for a 7 year period

Ntemp.wor Daily maximum and minimum temperatures for 8
Niamey, Niger from 1961 to 1980

Rain.wor Monthly rainfall totals for the years 1950-1983 from
Galle, in Sri Lanka.

Rain10.wor Monthly rainfall totals for Galle in Sri Lanka from
1961-70

Rdtemp.wor Reading, UK temperature - daily tmax and tmin are 8
in pairs of columns for 10 years, 1976-1985.

Runoff.wor Data on rainfall and runoff from Gregory (1978) 11

Samarub56.wor 56 years of daily rainfall data from Samaru, Nigeria,
1928 to 1983.

Samdis.wor 10 day totals for 56 years from Samaru, 1928-83

Sammonth.wor  Monthly totals for 56 years of daily rainfall data from
Samaru, Nigeria, 1928 to 1983.

Samrain.wor 56 years, 1928-83 from Samaru, Nigeria, giving 7,11
events such as 'start of the rains'.

Samsmall.wor 11 years of daily rainfall data from Samaru, Nigeria, 5-7, 11
1930 to 1940.

Storm.wor 5 minute records from 50 storms in Malawi from 12
hydrological data .

Wafric2.wor Monthly rainfall totals for 28 years from 2 11
neighbouring stations in Benin (West Africa)
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3.3 Entering data

In the Instat tutorial data were entered into a new worksheet. Use File = Open Worksheet or
File = Open From Library to add or to edit the data in an existing worksheet.

An alternative is to type the data into a spreadsheet, such as Excel and then transfer to the
statistics package for some of the analysis. An example, for the Niamey temperature data, is in
Fig. 3.3a. Almost every statistics package can read Excel files, so it is easy to use Excel for
part of your work, and transfer to the statistics package when you need to.

Fig. 3.3a Niamey temperature Fig. 3.3b Niamey monthly data with meta-data
data in Excel worksheet
A T B [ ¢ [ 0 ] A | B | ¢ | b | E | F |
1| Month Tmax Tmin Year P P
2 1 360 17.35 1570.08 1 Niamey, Niger
EX 20 3%kH 19.14) 197017 2 Monthly temperature data for 1970 - 1976
| 4 | 3 3887 2239 1970.26 3
5 4 4124 2684 197033 :
5 S EEh s 4 | Years Months = Month Tmazx Tmin Year
L B 3005 2803 197050 5 1970 Jan. 1 3560 17.35 1970.08
| 8 | 7l 34B4 2419 197058 B 1970  Feh. 2 36.31 1914 197017
% S gi;g gg-i; Egg-?; 7 1970 Mar 3 39.97 2239 1970.25
) S NS BT g8 1970 Apr 4 41.24 2594 1570.33
| 12| 11 3567 1864 1970.92
| 13| 120 3247 1588 1971.00
| 14 1 3182 1430 1971.08
| 15| 2 734 1986 197117
| 16 | 3 4088 2405 1971.25
17 4 41 4R R4S 1971 33

If you choose to start in a spreadsheet, type the data into columnsthat are headed by a name,
as shown in Fig. 3.3a. Excel calls this layout a list, and has a useful description of lists in its
HELP. This list format transfers easily to a statistics package.

When using a spreadsheet, we recommend you have special data sheets with just the data, and
do not mix them with the results. If you wish to see the data together with the results, then
paste the data to a second sheet. Then calculate summary values on this second sheet.

Sometimes you will also wish to include meta-data, i.e. a description of the data. These details
may be on a separate sheet. If they are on the same sheet, such as shown in Fig. 3.3b, or if
you have other information on the sheet, then the data may not be at the top left of the sheet.

Fig. 3.3c Excel help on Fig. 3.3d Name a range of cells
naming
Microsoft Excel — - Miatemp j = | IMDﬂth
| Help Topics Back DOptions A | E | C I D I E I E I
'l Name a cell or arange of cells 1 MNiamey, Niger
1 Selectthe cell, range of cells, or 2 Monthly temperature data for 1970 - 1976
nanadiacent selactions thatyou want to 3
name.
2 Click the Name boy at the left end ofth il vears | Months
IC B Name Dox atthe e end of the r
formula bar. 3| 1970 Jan. 1
. “ & B G 1970 Feb. 2
- I — : Fi 1970 Mar 3 3
3 Type the name for the cells. i 1970 ﬂpr 4 1'11 24
4 Press ENTER. 9 1970  May A 4055

In this case, it is useful, in Excel, to give a name to the rectangle that contains the data to be
imported to Instat, or to another statistics package. The Excel Help explains how to do this as
shown in Fig. 3.3c.

There are two ways to copy the information to Instat, or to any other statistics package.
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The first is simply to copy to the clipboard from Excel. Then in Instat, you must already have an
open worksheet and you simply Paste into the required columns.

For the second method start by saving the Excel file in your current working directory. Then in
Instat you do not need an open worksheet. Instead, use File = Open Worksheet and select the
file type Excel2-5/95/97(*.xIs) instead of the default, Worksheets(*.wor). Then select the
required file from the list of Excel worksheets as shown in Fig. 3.3e.

Fig. 3.3e Open/Import dialogue Fig. 3.3f Import from Excel workbook
File = Open Worksheet
[Open or impor worksheet g3 Yl Import X
Lack jr: |@Working =l gl | File to be imported
Miamney. xls | |t0r\M_l,J Documentz'RogerhZambiahD ata filez\RAINFALL\niamey. =ls
v Spreadzhest options
g : tizzing values
* Sheet name |NIATEMP A
st i ] [
Cell range li k% li
File name: |Niamey.xls DOpen I r Range name * %k
Files of type:  [Exvcel 2.5/95/57 [* ) = Cancel |
W ; Help |/ wiorksheet to which data will be zaved
%
|NIATEMF’
Browse. .
Minitab [ mw)
Sustat
Help | Reset | LCaneel | juls |
Mo Current ‘wWorkshest Server ready ‘Warnings On 2

You can import from many different formats and Instat recognises the format from the file
extension. With a spreadsheet, unless you instruct otherwise, Instat will import from the start of
the first sheet, but you can choose to import from a particular sheet, and even a specified
rectangle, if you have given the name, as shown in Fig. 3.3d. Fig. 3.3f shows the importing
from the workbook called Niamey.xls, worksheet (Niatemp) into an Instat worksheet called
NiameyXL.

Fig. 3.3g Alternative way of entering data into Excel

A | B [ ¢ [ o | E [ F | o [ H [ 1 T g [ kK | L

| 1 | Months | Tmax70 | Tmax71 | Tmax72 Tmax73 Tmax74 Tmax75 Tmax76 @ Tmin70 | Tmin71  Tmin72 Tmin73
| 2 | Jan. 35.60 .82 3317 3316 30.34 29.87 31.47 17.35 1430 16.12 18.1
| 3 | Feh. 36.31 37.34 36.43 36.49 34.11 34.86 35.60 19.14 15.86 19.14 201
| 4 | Mar 39.97 40.86 39.57 3661 38.79 38.39 37.15 2238 24.05 2318 23.4
| 5 | Apr 41.24 41.46 40.06 41.86 41.44 41.21 39.23 26.94 26.49 26.65 274
| 6 | May 40.55 41.24 39.23 41.66 39.95 3795 38.30 28.42 28.02 2765 29.0
| 7| Jun 39.95 39.06 36.97 39.61 38.40 37.36 35.52 28.03 26.12 25.32 272
|8 | Jul 34.64 34.19 35.82 35.39 33.41 3231 33.41 24.18 23.72 24.91 24.£
|9 | Aug 32.10 31.40 34.65 34.16 32.04 .79 32,45 22.94 2237 24.41 231
| 10| Sep 34.26 34.62 36.75 35.66 33.89 32.92 34.43 23.42 2364 2465 23E
| 11| Oct 38.10 37.43 3817 38.96 37.51 3712 35.37 26.85 2315 2526 24f
| 12|  HNov 35.67 36.47 34.91 3534 38.37 38.97 36.29 18.64 15.40 20.20 20.0
| 13| Dec 3247 33.15 33.23 33.54 3118 33.26 34.14 15.63 18.25 18.47 170

14| Mean 36.74 3659  36.58 2 3704 3554 0 3525 0 3530 0 2284 0 2245 0 2300 23

18

The idea of Excel’s 'Lists' is a general concept that applies to all types of data. But what is to be
done if your data were typed into Excel in a different layout, before reading this section of the
guide?! Fig. 3.3a showed monthly temperature data from Niamey in Niger, in list format, but
perhaps it was entered as shown in Fig. 3.3g instead.

This is a common problem and methods of importing data that have been entered in a variety of
ways is therefore shown in Section 3.5.

3.4 Daily data

Daily data is used in much of this guide. Figs 3.4a and 3.4b shows an Instat worksheet for 11
years of daily data. With Instat, daily data are usually stored, with one column per year in
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worksheets that have 366 rows. Fig. 3.4b shows that Instat has 3 different 'missing value'
codes. The first is the number that will be interpreted by Instat as an ordinary missing value.
The second is mainly for rainfall data where it is used to signify a 'trace' value, i.e. a very small
rainfall, where the actual amount was not recorded.

The third is a special code for 29 February in non-leap years. In Fig. 3.4a the data have been
altered slightly, to show all 3 codes. They are displayed as *, ** and ***.

Fig. 3.4a Data in Instat showing missing values Fig. 3.4b Missing values
a P =6 W7 A

55 i i 0 0 i} Miszing values

5E 1] 1] ] 0 i] 1 Iaaaa

E7 ] ] 0 ] ] :

53 0 0 0 ] El 2 |EBBB

59 0 0 0 0 0

=1 Hun i wan 075 == 3 ISEBB

B1 0 0 0 0 0

62 ] ] 0 ] i

£3 ] ] 0 ] ]

B4 |- ] 0 ] ]

E5 0 0 o= 0

B6 0 0 0 0 0

67 ] = ] i

£3 ] ] 0 ] ]

£3 ] ] 0 ] ]

Daily data can be entered directly into Instat. The first step is to create the empty worksheet,
ready for the data. There is a separate dialogue that creates new worksheets with the
appropriate size and missing value codes. This is under Climatic = Manage = New
Worksheet, as shown in Fig. 3.4c and 3-4d. This is simply for convenience and only differs
from the File = New Worksheet, in the default dimensions and missing value codes that are
used.

Fig. 3.4c New Worksheet dialogue Fig. 3.4d New climatic worksheet
Climatic = Manage = New
5| New Worksheet for daily data r Columns I Constarts | St[inggl Labelsl Titles Chap. 3 worksheed
e&)\/orksheet name
|Chapter 3 Browse... | 1 w2 3 #d =5
1996 1997 1998 15993 2000
V' Display as spreacshest 182 1.02 2032 50.29 13.97 7.87
™ Like existing workshest 183 A4 0 0 0 0
Missing value codes————————————— 184 17.02 il 076 0 5.08
¥ Change missing values 0. Missing 1. Trace 2 February 29th 105 152 0 0 0 0
I Gther options EEN TN EEE 185 17.02 19.05 0 0 0
. Worksheet sizes 187 a 0 356 1.52 a
G 188 1] 289 1] 051 152
Mumber Length 189 0 ] 0 229 0
Datacotunns  [127 = [oes ] 140 0.51 0 B.64 322 5318
Constants |12 ::II d.0d = DS =
Stings |5 ::II ID I
i Label columns |4 j ISB j T
| 58P matix [ = = B

Help | Fieszet | Qancell ak I

Then the data are typed into the worksheet, with the special codes typed either as * or as the
corresponding numbers for missing, etc.

However, many users will be more comfortable typing larger volumes of data into a
spreadsheet. Then missing values can be left blank, but trace and 29 February should normally
be typed using the numbers that will correspond to the codes once they are in Instat. Otherwise
you can change them once imported into Instat.
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Fig. 3.4e shows an example of an Excel sheet containing 10 years of maximum and minimum
temperatures from Reading, England.

Fig. 3.4e Temperature data in Excel from Reading (England)

A [ B [ © [ © [ E [ F [ & [ A [ T T T ]
1 |Mn7b 76 Mn?7 M7 7 hn7a M7 8 hin74 %79 hnBE0 hxB0
| 50 | 14 3.4 515 59 -43 1.4 W22 0.4 Slis) 108
| 51 | 1 5.8 2 97 -3 3 -1.2 1.4 39 11
| 52 | 2 945 3.8 123 -3 27 0.1 2.2 1.4 107
| 53 | 4.1 12 46 945 -1 [if=} 0 2.8 2 a7
| 54 | 55 11.5 52 o5 05 8.4 0.6 7.5 7.6 91
| 55 | 7 104 ] 109 G.1 133 1 8.4 na i
| 56 | 8.4a 131 A1 BB 122 -2 5.8 02 B
| 57 | B.1 124 472 74 7h 107 548 72 1 a3
| 56 | a7 114 0 57 71 107 -4.1 37 -2 a7
| 59 | 73 91 -29 59 B9 1049 -1.7 8.8 07 ]
| 60 | a1 103 9935 9535 9585 99558 9955 9935 2.4 s}
| 61 | 27 144 09 97 [ifa} 101 -2 945 2B 96
| 62 | -1.4 101 5] 18.4 38 s} 16 11.4 4B 9
| 63 | -3.4 10 8.4 143 29 91 11.2 52 96
| 64 | 149 11.1 =R 5] 115 0.4 a7 36 99 0.3 6.7
| 65 | 1] 12,58 45 11.8 -1 86 0.3 10.4 -4.2 =]
| 66 | -1 106 B4 114 -3 98 3.9 77 23 72
| 67 | -4 5.4 31 123 -1 117 0.8 9 33 103

To transfer these data to Instat, you have the same 2 options as described in Section 3.3. The
first method is to create the worksheet, using Climatic = Manage = New Worksheet and then
copy from Excel and paste into Instat.

The second method does not need a worksheet first. This is to use File = Open Worksheet
and import the data directly, as described in Section 3.3. In this case make sure that the trace
and missing value codes are specified correctly, see Fig. 3.4e.

Fig. 3.4f Data in list format in Excel Fig. 3.4g Data imported into Instat
: £1-Fi2-1%3-F| 4 w5 | B WF
F‘_Zi zimdata. xls E]@ Year lont Day Aastemp Mintemp Bain D ate
A |B|C| DI|E|F G 11951 Jul 1 237 94 0 01-Jul51
1 Year MonDay MaxteMint Rain Date 2 1351 Jul 2 233 3.7 0 02-Jul-51
2 | 1951 Jul 1 237 94 0 01-Julsl 3 [1951 Jul 3 244 36 0 03JulB1
3019581 Jul 2 239 37 0 0Z-Juls1 4 1951 Jul 4 23z 8.5 0 04-Jul&
4 | 1051 Jul 3 244 0F 0O 03-Jul-51 51991 Jul 5 418 7.8 0 05-Jul51
5 1951 Jul 4 2322 8§ 0 04-Jul-51 [ 1951 | Jul [ 199 3.4 0 06-Jul-51
1951 Jul 5 218 78 0 05Just  |1TJu 7 1B 340 0 07JulS
71951 Jul 6 199 a4 0 06-Jus1 B |1TJu 8 182 43 O D8JulSl
o 1951 Jul B 182 43 0 0%gesq 10 [1951Jul 100 161 7.2 0.3 10-Jul51
10 1951 Jul 9 158 6.4 15 09Jukst I |19 TT o A8 44 0 1Tk
12 (1951 Ju 12 183 43 0 12-Jul51
111 1951 Jul 10 161 7.2 03 10-Jul5i
13 (1951 Ju 13 182 54 0 13-Jul51
f2p 15t 1 19 440 TS gy es a1 214 a1 0 14
131 1951 Jul 12 183 43 0 12-Jul-51 : :
14 1951 Jul 12 102 5.4 0 13-Julmd
19 1981 ol 14 214 41 0 14-lnkA1

Some readers may have noticed an anomaly in this section, compared to Section 3.3. The way
daily data are held in Instat is not in the list format that was strongly encouraged in Section 3.3!
Suppose there are 50 years of daily data and 10 measurements. Then list format would imply
that the data should be arranged in 10 columns of length 18,300, i.e. 366 by 50.

This layout is possible with the current version of Instat, as long as the limit of 32,000 rows is
not exceeded. For example Fig. 3.4f shows part of an Excel workbook with a sheet that
contains 50 years of data in list form. There are 7 columns, with the first 3 containing the year,
month and the day in the month. Then there are the three columns for the rainfall and the
maximum and minimum temperatures. The final column is the date.

If you have your data already in the format shown in Fig. 3.4f, then you can either import the
data into Instat as it stands, or reorganise the data before importing. Fig. 3.4g shows the data
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after importing into Instat, with the first 3 columns made into factors, and the final column in date
format, as in Excel.

In Version 3 of Instat, most of the special climatic commands do not yet work with this layout of
the data. The data therefore need to be 'unstacked', to put them in the form used earlier in this
section. This uses the Climatic = Manage = Unstack Daily, see the menu in Fig. 3.4h.

Fig. 3.4h Unstack daily data menu Fig. 3.4i Checking on the starting month

Manage r Mew Worksheet. .. General] W’olksheet] Graphics  Climatic lTabIes]

Display Daily, ., Import Daily Data, ., _ o
Summary. .. Make Factar. .. [ Dizplay Climatic menu
Events + Shift D-Elil':." Daka. .. Change climatic worksheet zizes |

Unstack Daily Data. ..

Examine... .

Stack Daily Data. ..
Process... Starting Manth: NN ~

] Interpolate. ..

Ewvaporakion k ) )

Configuration. ..
Crop 3
Heat um, ..

Reset to curent walues | | Apply az current values

Markow MDdE"iI'Ig 4 Resat to default valuzs | Apply az default values

There is one further issue, and that is when the year is to start. In Zimbabwe the growing
season is from November to April, and the data start in July. This is when we would like our
'year' to be.

Before using the Unstack dialogue, check Climatic = Manage = Configure, Fig. 3.4i, to see
how the default month of the year is set. If it is not July, then set it to July.

Fig. 3.4j Unstacking the data Fig. 3.4k Result, including Month factor

Split data into individual years B8 Current Worksheet - BULMAX... E”ﬁl
wiork sheet Calurnnsg l Eunstants] Strings] Labels] Title:

" Current v Mew Browse #1 w48 =49 #E0 | =51 -H

- — w1951 | 1938 1993 w2000 Month
|E:'\D|:u:uments and Settingz Administratorshty Docunme 1 77 78 16 16 Jdl
2 239 24 224 15.8 Jul
Colurnn to be spii Inta 3 244 24 203 175 .Jul
PaiMastemp) | #1450 4 232 239 189 172l
D | 5 21.8] 249 191 17 Jul
C5 CEIY B 139 248 205 156 Jul
7 16.8] 281 203 14.8 Jul
3 182 254 208 175 Jul
Mumber of 9 158 281 198.3 18.1 Jul
oupi caurns 1% I S I LN
5 . . Ll
Help Reset Cancel | Ok | 12 183 197 18 19 Jul
13 182 1919 1849 21.4 Jul
14 214 2019 238 23 Jul

Now use Climatic = Manage = Unstack Daily Data, Fig. 3.4j. The results are shown in
Fig. 3.4k, after naming the columns and adding a month factor.

3.5 Importing data

Importing data from a spreadsheet, particularly from Excel, has already been described in
Sections 3.3 and 3.4. If the data are organised correctly for analysis in Instat, then the
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importing is a simple process. Otherwise some manipulation of the data has to be done. This
manipulation can either be before, or after importing to Instat.

An example with daily data was used in Section 3.4. A second example uses the monthly
temperature data from Niamey in Niger that was introduced in Section 3.3, but this time we
assume that the data are as was shown in Fig. 3.3g. This typifies the situation where the data
are not in the right 'shape’.

The data are in the sheet called TempMean in the Excel workbook niamey.xls. They are to be
imported and then reorganised, once in Instat. Go into Instat and use the importing dialogue as
shown in Fig. 3.5a. The resulting Instat worksheet is shown in Fig. 3.5b.

Fig. 3.5a Import data from Excel Fig. 3.5b Data in Instat
File = Open Worksheet

Maonth: TmawdC Trnas?1 Tmasde Tmaxd3d T

File to be imparted 1 [Jan 36 ;8] 332 M2
|tn:-r"-.M_l,l DacumentztBoger ambiatD ata fileshBAIME = |Feb 6.3 3.3 6.4 365
3 |Mar 400 409 396 396
[v Spreadsheet options 4 |Apr 1.2 415 40.1 419
F o |Map 405 #2392 N7
Missing B |Jun 40 291 37| 39E
0 -

Sheet name [TEMPMEAN — ~| 7 |ul M6 M2 /R B4

8

Cell range %% Aug 321 N4 M7 4.2

9 |Sep 33 3B 3E.8 A7

" Range name %ok 10 [Oct a8 av4d a2 29

11 [Mav /7 3IRE 349 A3

12 [Dec a2he 33z a3z 335

Whark sheet to which data will be zaved 13 [Mean 67 BB 6.6 ar
£ ¥

|NiamTem|:4

Fig. 3.5c Changing the worksheet size
Manage = Resize Worksheet

Worksheet sizes

Sizes Mizzing values

Mumnb Length
urnber eng n 1 9999

Data columng 40 j 1100} —

o 2 |99
Consztants |W—;| 3 [e995
Strings |1EI j |
Label columns E j I'IS—:I
SSP matrix ==

Help Reszet Cancel | k.

The steps to reorganise the data use dialogues from Instat’s manage menu as follows:

1 The Instat worksheet has only 13 rows, so use Manage = Resize Worksheet,
Fig. 3.5¢c, to add more rows to the worksheet.

2 Row 13 contains the temperature means, so to remove this row, highlight the data in
row 13 and press <Delete>.
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3 What is needed now is the data in two long columns, rather than two columns per year.
This uses the Manage = Reshape = Stack dialogue as shown in Fig. 3.5d.

Fig. 3.5d Stack Tmax and Tmin
Manage = Reshape = Stack

Stack (join) columns Stack (join) columns

Axvalable data Awailable data
23508 ¢ | Stack datainta [x1g k15 ﬂ Stack data into [+17
#lMonths] A [~ Factor #1[Months] A [~ Factar
H2[Tmawd0] H2Tmam?0]
=ATmaxr1] HATmawi1]
4 Tmand2] A Tman?2]
#A(Tmaxf3) ¥ ™ Omit value #A(Tmax73] ™ ™ Omit value
[ Repeat columnz [ Repeat columnz

4  Now use Manage = Data = Regular Sequence twice to enter the data for a year and
month column, as shown in Fig. 3.5e and 3.5f.

Fig. 3.5f Enter the year column Fig. 3.5g and the month column

Manage — Data — Regular Seq. Manage — Data = Regular Seq.
Entry of regular sequence Entry of regular sequence

f* Sequence 1 Single value " Dates f* Sequence 1 Single value " Dates

Seguence definition Sequence definition

Inta [nta

Frarm 1970 18 Fram 1 13
Ta 1976 To 12
I =t f I =t f
t steps of |1 Eill from nEEEE D ) Fill fram

* Top * Top
Fepeat values |17 time(s)  Row| Fepeat values |4 time(z] C Row|[
Repeat zequence |1 timne(z) © Append Repeat sequence |7 tirne(z] ™ Append

5 We still need to calculate another year column for plotting the data as shown in
Fig. 3.5h.

6  After naming the columns the data should look as shown in Fig. 3.5i.

7 Before proceeding with the next step, save the worksheet. Make sure the worksheet is
the current window, and use File = Save.

8 Now remove the original columns and move the new ones over. Use Manage = Data
= Clear(Remove), as shown in Fig. 3.5j.

9 Then mark all the data (including the column names) in x16-x20, and use Edit = Cut (or
Ctrl<X=). Then paste the data into x1-x5.

10 Now make x3 and x4 (previously x18 and x19, in Fig. 3.5i) into factor columns. This
uses Manage = Column Properties = Factor, see Figs 3.5k and 3.5l.

11 The worksheet is now as shown in Figs 3.3m and 3.5n and should be saved.
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Fig. 3.5h Calculating a date column for plotting

Fig. 3.5 Resulting worksheet

- W16 | W17 | ®18 | %19 | %20
Calculate
Lctiale le Tmax Tmin “Year Month T
[XT8e19/12 B 1 | 356 174 1970 119701
_ 2 | 33 191 1970 2 190z
- | > | 5 | . | . t| Data Available Help 3 40 224 1970 3 1970.3
bl g%m:gﬂ i 4 | Mz 269 1970 4 19703
B} S 4 Tmin 75 _Reset | 5 | 405 284 1970 5 19704
| 5 b { | exp [Trin75)
| | | | | E:llg[Tmm?E] Cancel B 40 281970 B 19705
A T T O T A O . 7 | 346 242 1970 7 19706
_ X1 o || G 0 s otem 6 tenor
pi | 0 | : | ! |mw| Iug| L/ 3 | 343 234 1570 3 19708
_ e i a column — 10 381 283 1370 10 13708
B oz oeles ¥ et € ina constant |2 1 | 3|7 186 1970 11 19709
12 | 325 157 1970 12 1971.0
12 e 143 197 1 19711

Fig. 3.5] Removing the original data

Fig. 3.5k Making Year into a factor column

data

T.'r'F:'E of _ Drata column
(o | mnsf<} ¢ Caonstants(K]  Labels(L] © Strir :
Remove

¢ Columnsz " Fows " Data

Available data

w1515 ﬂ

#16[Tmax)
H17(Train]
=180 ear]
=19 anth)
#=200T)

34

[v Remove attached labels

M ake wariable into a factor

{ |_
W arance-covanance matris -
a o L1

(¥ Generate new label column frorm data

Fig. 3.51 Making Month into a factor

Make or modify a factor column =

[ ata colurmn
w4 (M anth) Jan
Feb
#1[Tmax] b ar
#2[Tmin) Apr
Halrear b 2y
Jun
Hal Jul
—kake wariable into a factar
= Mumber of levelz )
i~ Attach to existing label columi
% attach to new label column Lz j
™ Generate new label column from data
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Fig. 3.5m The data in the worksheet Fig. 3.5n And the label columns
Calumns l Cotistants ] Strifgs ] Labels ] T Calurnng ] Constants ] Shings Labels
w1 He | W3I-FlH4-F =B L1® L2 L3

Tmax  Tmin  Year Month o 1 1970 Jan

1 ;e 174 1970 Jan | 19701 2 1971 Feb

2 363 191 1970 Feb | 159702 3 1972 Mar

3 400 224 1970 Mar | 19703 4 1973 Apr

4 41.2 269 1970 Apr 1970.3 5 1974 May

5 405 284 1970 May | 19704 B 1975 Jun

[ 400 28.00 15970 Jun 19705 7 1976 Jul

7 JME 242 1570 Jul 19706 a Aug

g 321 229 1970 Auwg 19707 9 Sep

9 M3 234 1970 Sep 19708 10 Oct

10 381 2690 1570 Oct 1970.8 11 Mo

11 357 186 1970 MWow | 19709 12 Dec

The alternative, of 'reshaping’ the data in Excel, is equally easy, particularly if you have the 'add-
in' that has a 'Stack’ dialogue that is similar to the one shown with Instat in Figs 3.5d and 3.5e.

The example above is typical in requiring several steps to prepare data in Instat or in another
statistics package for the analysis. Another way to reorganise the data is now shown.
1 As an example, import the data again as shown in Fig. 3.5a, but give a different name.
2 Also resize the worksheet, so the columns are of length 100.
3 Now use submit = Run Macro and look in the climatic library for the macro called

niatemp.ins, Fig. 3.50. When you press OK this macro runs, and the data are
transformed as shown in Figs 3.5m and 3.5n.

Fig. 3.50 Running the macro to organise Fig. 3.5p Contents of the niatemp macro
the niatemp data

J0In Xe-Xg:INTo X1l
Drirectony W acra file name J0In x9-x15;INTo X17

ENTer X18; data 12{1970]1976)
ENTer X19; data {1]12)7

(" Current |11hia'xD ata filez \RAIMFALL \niatemp.ins

" Local WZ0 = X18+X19/1Z2
R Errise.. REMove X1-X15;1lab
° COPy X16-X20;INTo xX1-X5
" General FEMowe x16-xZ20

name x1 'Toax

name X2 'Tmin

name 23 'Tear

+ Mone name x4 'Month

name x5 'Yr

FaCtor 'Year' :levels L1

ENTer l1lzZ;data Jan Feb Mar Apr May D
FaCtor 'Month L2

LOCk x1-x5

Help Reset Cancel ok < *

Parameters

" Parameter values

The key to this method is the macro of commands, shown in Fig. 3.5p. Most of them were
copied from the Commands and Output Window, when going through the detailed steps earlier.
They were then put into a macro as explained in Chapter 14 of this guide. They serve as a
record of what was done.

It is useful to keep a record of these steps, which serves two purposes:
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e If there are queries later about the data, it is clear what was done. (For example, in
Fig. 3.5p and earlier in Fig. 3.5h the calculation of X20 = x18+x19/12 could perhaps
become x20 = x18+(x19-1)/12. This change is easy to make and record in Fig. 3.5p.)

e If there are other similar datasets, then the routine becomes easier and more reliable.

Appendix 2 shows different data layouts and describes methods for importing these data into
Instat. For example Figs 3.5g and 3.5r show the layout of data from Madagascar and
Venezuela that have been imported into Instat using macros.

Fig. 3.5q Data from Madagascar

Site Year (Columns 14-57 contain 11 data values, each of

| | Month width 4. e.g. 0004, 0006. In rows numbered 1 & 2

| | | Row the 11th value is discarded, so each month has

\2 VAN 31 days)
534155195201100040006001000030121014100000000024802940000 Jan. 52
534155195201200000000004501350709039700560176020002380000 row 2
534155195201300000134050000140000012601800104011502150024 row 3
534155195202101170102070902040113010501440000000000000000 Feb. 52
534155195202200000000000001160247000000000000000000250000
534155195202300200000000000000000000000000000000000000000
534155195203100000000000000000141013000000000000001900000 Mar. 52
534155195203202810140001400000240032000510000000000000000

534155195312102140023018000000002013000000251000000000000 Dec. 53
534155195312200260000003200000002000400000000005000000000
534155195312300230000000100050023000000000000001200000014

Fig. 3.5r Data from Venezuela

M. A. R. N. R. - D. G. S. 1. C. A. S. V.
DIRECCION DE HIDROLOGIA Y METEOROLOGIA
PRECIPITACION 08000-0800 (mm) .
ESTACION: SANTA CRUZ EDAFOLOGI SERIAL: 0417 Zona: 02 Edo: ARAGUA  ANO: 1971
Latitud: 10 10700" Longitud: 67 29715" Altitud: 444 m |Ins: 06/64 Elim: 00/00

B L R = S e = o =

DIA ENE FEB MAR  ABR MAY  JUN JUL  AGO SEP OoCT NOV DIC

E R S e

1 -0 -0 -0 -0 -0 19.6 .0 10.2 -0 .6 9.1 -7
2 .0 .0 .3 .0 .0 -7 .6 .0 1.2 .0 .0 7.6
3 -0 .0 6.0 .0 3.0 9.0 -0 -1 -0 -0 -0 -6
4 .0 .0 24.7 .0 1.8 .0 1.0 5.6 3.0 .0 .0 .0
5 -0 -0 -0 -0 .0 5.5 .0 3.1 19.0 2.9 4.4 3.9
6 .0 .0 .0 .0 .0 .0 .0 .0 10.9 .0 3.2 .0
7 -0 -0 -0 -0 -0 .0 5.5 .0 5.4 .0 14.0 -0
8 .0 .0 .0 11.2 .0 8.3 38.0 8.6 11.9 .0 .0 .0
9 -0 -0 -0 -8 .0 11.1 10.7 2.2 -0 -0 -0 -0
10 .0 4.3 .0 .0 39.6 4.9 .3 5.5 .0 2.3 .0 8.0
11 1 -0 -0 -0 -0 3.9 16.0 42.3 -0 -0 -7 -0
30 0 .0 0 .0 .0 .0 4.2 11.0 6.0 33.5 0
31 0 0 8 10.6 .0 2 4

TOT 10.6 4.3 32.7 17.8 149.3 115.6 260.5 228.9 105.4 113.2 75.8 22.8
MAX 9.6 4.3 24.7 11.2 39.6 23.2 38.8 42.3 19.0 25.6 33.5 8.0
DIAS 20 10 4 8 10 15 26 11 5 22 30 10
TOTAL ANUAL: 1136.9 MAXTMA: 42.3 EL 11/ 8

3.6 Exporting data

It is sometimes useful of be able to export data from Instat. One situation is when the first stage
of the data processing is done in Instat, while a different package is more appropriate for the
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subsequent analysis. Or the data may be analysed, but a more powerful graphics package is
then to be used to produce presentation plots.

A simple way is to copy the data into the Windows clipboard, using Edit = Copy, and then to
paste the data into the other software that is now to be used.

Alternative ways of exporting from Instat are considered below. When moving data between
packages you should also consider the importing facilities of the package that is to receive the

data. Most can read Excel files, so that is a common intermediate format. The other common
option is an ASCII file.

Some packages can import a wide variety of different formats, with Genstat possibly the most
flexible of the major statistics packages. It can import directly from most other statistics

packages, including Instat. Hence no exporting is needed, if you are transferring data from
Instat to Genstat.

For export from Instat, one possibility is to use File = Import/Export = Export As (Fig. 3.6a).
The Export dialogue is shown in Fig. 3.6b. This does not require the Instat worksheet to be
opened first. The most common option is to export as an Excel file, which can also be read into
almost any other package. This dialogue can also export to an ASCII file.

Fig. 3.6a Export dialogue browse option Fig. 3.6b Completed dialogue for Excel
File = Import/Export = Export As
g:;:;ﬁ e Ep=jcpei ~worksheet from which data wil be exported

Wwiorksheet: |cuments"~WDrking'\S.ﬁ.M SkaLLWOR Browsze. |

— File to which data will be exparted

E wport file: |hMy DocumentsyworkingsSamSmall. «lz Browsze. .. |

File name:  [SamSmall.ak] Open I
Help | Fezat Cancel | 0k I
Files of type: [Excal 5 (4) =l Cancel | = = —

Z

Fig. 3.6¢ Output dialogue
File = Import/Export = Output

. Dutput of data
Data to be output ¥ Data options

1 -4 <]

Data columns Strings

SAMONTH] - ™ Dutput az columns

2T rnax) 52 [V Dutput serially

3T min) :

Ao ¥ Mo of decimal places IT

™ Mo of sig. figures

I= | Corima as delimiter

o Dl Migsing value code I_
—Output formats—————————————

© Simple ASCI k=) Field width I

& Comma delimited [Lcav) .

Line width I

€ Basic with line numbers [.bas)

" Gensztat [.gen]

= 5PSS [ zps]

" SAS [=as] Browse... I

Butput fle: [T emp.tt

Help | Reset | LCancel | QK

The File = Import/Export = Output dialogue, shown in Fig. 3.6¢, provides another way of
exporting data from Instat. This needs a worksheet to be open, and can only export as an
ASCII file. However, it gives the option to choose precisely which columns of data to export and
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the format of the exported data. Options include a comma separated file (.csv) that imports
automatically to Excel, and formats that add the necessary commands to import easily to the
major statistics packages, SPSS, SAS or Genstat.

3.7 Managing climatic data

Clicom is a project organised by the World Meteorological Organisation (WMO). It is designed
particularly to improve the facilities for processing climatic data at National Meteorological
Offices worldwide. The software is generally available and is also of use to any organisation
that has to manage large volumes of climatic or similar data.

New Clicom-style systems have been developed, based on Microsoft Access or Oracle. One
project, called ClimSoft, uses Access and is being developed in Africa; further information is
available from http://www.weather.co.zw/. Another system, called CliData, is based on Oracle
and has been developed by the Czech Met Service. See http://www.clidata.cz/ for details. The
World Climate Programme at WMO can be consulted for details on many other developments.

Each of these systems provides facilities for the entry, quality control, management and
archiving of climatic data. They are also equally useful for the entry and management of other
monitoring data that are collected regularly, particularly other environmental elements, such as
pollen counts, river flow, or water quality, that might usefully be processed with, and in the same
way, as climatic data.

The original Clicom consists of a series of specially written programs for the data entry and
quality control, plus a database with about 35 linked tables, which uses a standard database
package called DataEase.

The alternative systems differ in the way they hold the climatic data, but they all have similar
tables to hold the meta-data. The meta-data includes information on the following:

o The stations where data are collected, e.g. their location.
e The (climatic) elements that are recorded at each station.
¢ Definitions of each element.

¢ Once the actual climatic data have been entered the database can then also be used to
give inventory information. For example a query could be of what information exists in
the database that is from stations that are within 20kms of a particular location.

Some products and simple applications are distributed as part of these systems. They consist
primarily of reports using the database software. They are used to produce tables and graphs
of means, totals or extremes for periods that can be defined by the user.

Instat can be viewed as an example of an application. In the successors to Clicom, transfer of
data to Instat will be through the File = Import/Export = ODBC Query dialogue. Meanwhile
Instat has a special dialogue to facilitate importing data from the original Clicom and this is
described now.

There are two stages to the process. The first is to export the data from Clicom as an ASCII file.
The second stage is to read this file into Instat. Data from Clicom Tutorial 2 are used for
illustration. The exported file is included for those who wish to understand the process that
underlies this part of the work, but do not possess the Clicom package. The first stage is
conducted from within Clicom.

Maximum and minimum temperatures for 2 years, 1980 and 1981, have been exported for the
station Kundrip. The exported file looks something like Fig. 3.7a. It consists of 48 lines, i.e. 2
years for 2 elements with one month of data on each line. The data consist of 31 values for
each month, with each value followed by the contents of the corresponding flag field. When the
flag is 'null' there are 2 commas together. The end of the month is 'padded’ with missing values
for February, April, June, September and November, which have less than 31 days.

You must be in Instat for the second stage. The output from Clicom is an ASCII file and hence
may by displayed by Edit = Edit Text = Open from Library and selecting Kund.out. (You do
not need to do this for the importing process.)
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Fig. 3.7a Structure of the export file to be imported into Instat

102 ,KUNDOOO2 ,002, ,1980-01,23.3,,23.3,,23.6,,23.2, ... ,24.7,
102,KUNDOOO2 ,003, ,1980-01,4.7,,5.3,,8.2,,8.5, ... ,4.2,

102 ,KUNDOOO2 ,002, ,1980-02,23.8,,23.5,,23.3,,21, ... ,-99999,M
102,KUNDOOO2 ,003, ,1980-02,8.2,,10.2,,12.9,,13.5, ... ,-99999,M
102 ,KUNDOOO2 ,002, ,1980-03,24.5,,23.5,,24.8,,26, ... ,25.5,
102,KUNDOOO2 ,003, ,1980-03,12.5,,14,,13.4,,11.5, ... ,11.6,
102,KUNDOOO2 ,002, ,1980-06,19.5,,20,,22.8,,22.6, ... ,-99999,M
102 ,KUNDOOO2 ,003, ,1980-06,16,,16.2,,19.1,D,15.3, ... ,-99999,M
102,KUNDOOO2 ,002, ,1981-12,22.8,,22.8,,23.3,,23.9, ... ,22.2,
102,KUNDOOO2 ,003, ,1981-12,13.6,,11.7,,15,,12.8, ... ,14.2,

To import the data, first use Climatic = Manage = New Worksheet and create a new climatic
worksheet called Kundrip.wor. Then use Climatic = Manage = Import Daily Data as shown
in Fig. 3.7b. The file Kund.out, is in the Instat library.

Fig. 3.7b Import data from Clicom Fig. 3.7c Import minimum temperatures

Clim = Manage = Import Daily Type of data to impart

In.lpurting dﬂil}r dﬂtﬂ iw EL“:DM data i DthE‘-‘f .":".Sl:” data

Type of data ta impoart File: tevimpart | C:4Pragram Fileshinstatiinstat/S SKUND.OUT
¢ CLICOM data (™ Other ASCI data
File to import | C:\Program Fileshinstathinstatw/S\KLIND.OUT v Dlptions Save into
#3054
f» By element number |3

[ {phans (" By obzervation E
R

This will import the data for element 002 (maximum temperature) into the first two columns, X1
and X2. This import is for one element only. To import the minimum temperatures (element
003) into X3 and X4, use the dialogue shown in Fig. 3.7c.

The resulting data in Instat is in Fig. 3.7d.
Fig. 3.7d Data imported from Clicom

#1 e o Fd
Trma=a0 Trmaxgl TrminB0 Trming1
1] 233 239 47 14.7
_ 2 ] 233 24.2 L] 13.3
_3 236 25 a2z 138
_4 232 233 ah 13.3
5 235 222 56 122
_E 222 25 121 11.1
T 24 231 14.2 10
_ 8 | 242 26.4 11.5 1.1
_9 24.1 222 a7 92
10 252 26.4 1449 86
11 hr T I = aE C TA 111

In this import any missing values in the data are changed to the missing value code within the
worksheet. Trace values are also translated into the special code. Other 'flag' fields are
reported, but no special action is taken. The non-existent February 29th is given its own special
code in 1981 and the 'padded' missing values at the end of months with less than 31 days are
ignored. Hence each of X1-X4 has 366 elements.

This importing procedure is designed primarily for the transfer of a long record for a single
element. As shown above, it is possible to transfer more than one element, but they are then
read into Instat one at a time.
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Clicom can also export data by observation, rather than by element. Fig. 3.7e shows the export
of one year of data for 4 elements, namely rainfall, max and min temperatures and sunshine
hours. This output file is in fixed format with one line for each day.

Fig. 3.7e Data output by observation

KUND0002,1980,01,01, .0, , 23.3, , 4.7, , 4.1,
KUNDO002,1980,01,02, -0, , 23.3, , 5.3, , 9.8,
KUND0002,1980,01,03, .0, , 23.6, , 8.2, , 5.9,
KUNDO002,1980,01,04, -0, , 23.2, , 8.5, , 6.0,
KUND0002,1980,01,05, .0, , 23.5, , 5.6, , 8.8,
KUND0O002,1980,01,06, -0, , 22.2, , 12.1, , 10.6,
KUND0002,1980,01,07, .0, , 24.0, , 14.2, , 10.8,
KUND0002,1980,12,31, 1.5, , 21.8, , 11.3, , 3.7,

Within Instat, the same dialogue is used for the import as shown in Fig. 3.7c. The By
observation option indicates that the data are by observation rather than by element. With
the same worksheet as before, the dialogue is in Fig. 3.7f and the resulting data in Instat are in
Fig. 3.7g.

Fig. 3.7f Import data by observation Fig. 3.7g Results
Clim = Manage = Import Daily

Importing daily data ><§ ali K?, ati #d
rain | tmpmax | tmpmin sunhrg date

Type of data ta import 0.0 233 47 41 01-lan-80
(+ CLICOM data (" Other ASCI data on 2733 5.3 98 02-Jan-an
0.0 236 g2 5.9 03-Jan-30
0.0 232 2.5 G 04-lan-30
0.0 235 b6 3.8 05-Jan-30
0.0 222 121 10,6 0B-Jan-80
0.0 24 14.2 10.8 07-Jan-B0
& 24.2 11.5 9.6 08-Jan-30
0.0 241 9.7 10.3 09-Jan-B0
10 0.0 282 149 10,2 10-Jan-80
11 0.0 24.5 74 3 11-Jan-30
12 0.0 24.7 719 7.2 12-Jan-80

File bevimpart | C:4Program Files\instatinstaty/S\KINDOBS.0UT

[w Options Save inta

|><5-><E|

OO0 =] | O e L O —

i By element

f+ By ohzersation

Starting vear

Five columns of data are imported, with the day number in the final column.

The data in Fig. 3.7e, when exported by observation, are already in columns and can
alternatively be read into Instat with the ASCII dialogue. This process is illustrated below. It is
the obvious way to transfer data that are other than daily. If data from sources other than
Clicom can be exported into ASCII files with a similar structure they can be read into Instat in
the same way. If a different statistics package is used, it is likely to have similar facilities for
reading data from an ASCII file.

The data file in Fig. 3.7e has 12 fields, namely:
1) Station Name

2) Year
3) Month
4) Day

5) Rainfall value

6) Rainfall Flag

7 Max. Temperature

8) Max Temperature Flag
9) Min. Temperature

10) Min Temperature Flag
11) Sunshine Hours

12)  Sunshine Hours Flag
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The climatic element values are in fields 5, 7, 9 and 11. One way to import the data is shown in

Fig. 3.7h.

Fig. 3.7h Import from an ASCII file
File = Imp/Exp = Import ASCII

&, Import data from an ASCII file into the current worksheet

Fig. 3.7i Importing as fixed format

. Import data from an ASCII file into the current worksheet [E3

% Data Columns (one case perline] — © Single columr o Data Columns [ane case per line] " Single calumn
Import fll: [Fragram Files\Instatnstalw/SsKUNDOBS.00T || Browse... | Import file: | Program Fileshlnstathinstabw/SSKUNDOBS.0UT || Browss... |
Mumber of fields [columng) to impart [ :ll Into 21013 P Humber of fields [calumns] toimport [4 j Into [:214-%17 | <
=10 - w14 -
it i ®15
[~ Omit lines §112 [ Omit lines o =
®13 x17
i %14 [~ Linesfrows ®18
[~ Linesfows ol LI e ;I
Selected — Option to specify which columnz or fields to impart Selected
[+ colurmis
columnns (Given in I j ar |5 7911 Starting I j a5 |2-| 32 43 64
. Fived poitian
L 'f:ol?ricalt o farnat Lengths I j o I8 888

A second way of reading the data, takes advantage of the fact the data are in 'fixed format', i.e.
each line has the numbers in the same place. Thus, counting characters across each line,
shows the rainfall field starts in position 21, maximum temperature in 32, minimum temperature
in 43 and sunshine hours in 54. These starting positions and field widths are entered into the
dialogue as shown in Fig. 3.7i, before importing the data.

There is a price to be paid for the use of the general Import ASCII instead of the special Clicom
import. In particular the flag information is ignored, so any ‘trace’ rainfall values (i.e. when the
precipitation amount is too small to be measured accurately) are input as zero. Missing values
are also not transformed to those of the worksheet. These are not serious problems, particularly
if they are considered before importing into Instat. The missing value code can be set as the
data are exported from Clicom and can therefore be made the same as in Instat. Alternatively,
all editors have the facility to 'find and replace' repeatedly. This can be used for both the
missing and the trace values. For the latter the text" .0, T," has merely to be replaced by
"8888,T,".
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Chapter 4 — Presenting Climatic Data

4.1 Introduction
Climatic data are often collected daily. It is important to have simple facilities to examine the
raw data, as well as to summarise the observations.

In general, displays of the raw data are interesting in their own right and are also effective as
part of the quality control process for the data. Routine methods of quality control on entry are,
of course, vital. However, it is easy to miss problems in the data until they are analysed. Hence
it is useful if analyses start by re-examining the raw data.

In Sections 4.2 and 4.3 the tabulation and plotting of daily data is considered. This may be
used to give a general overview of the records or to highlight features of particular importance.
The spell and water balance dialogues are also introduced, that are described in detail in
Chapter 6.

4.2 Tabular and graphical presentation of daily data

4.2.1 Display of rainfall data

Within Instat, daily records can be displayed with the Display Daily dialogue. The results are
illustrated with daily data for 1930 from Samaru. These are in a worksheet called Samsmall.
Start by opening the worksheet using File = Open Worksheet or File = Open From Library and
selecting Samsmall.wor

The simplest use of the dialogue Climatic = Display Daily is to select column X1 and press OK.
Monthly statistics and zero rainfalls displayed as '--', can be requested as shown in Fig. 4.2a.

Fig. 4.2a Monthly statistics with the tabulation of daily data

File = Open Worksheet = Samsmall_wor
Climatic = Display Daily

Display of daily data

| Display of daily data
4

fanthly Summaries silable data

v Summarieg V' Sum V¥ Counts » ID_

Ayvailable data

#2115937)
31832
#4p1333)
#hB[p1934) [~ Starting manth
#B[y1335)
#1936
81937

xapy133) = Decimals IT:II Times [1 Code lo ||:| and hi I = De

v Tables v Tables

[T Graphs [T Graphs

Help | Rezet | LCancel | ok

In Fig. 4.2b, only one year is displayed, i.e. X1 (1930). To display more than one year of rainfall

data, either select, for example X1, X2, X3 and X4, and press the 3 button, or type X1-X4 in
the Available data field of the Display Daily dialogue, Fig. 4.2a.
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Fig. 4.2b Display of daily rainfall data (mm) from Samsmall, 1930 (dry days coded as '--)

Daily data for: v1930
HMon Jan Feh HMar Apr Mavy Jun Jul Ao Sep Oct Now Dec
I I T e e
1 e e e e e e e 1.0 14,5 e e e
2 e e e e e e e 3.3 268.7 e e e
3 -— - - -— -- 15.2 - 7.9 1.8 - - -
4 -— - - -— -— - 2.3 3.3 -— - - -
5 -— - - -— -— 6.1 - 3.1 B.6 - - -
& -— - - -— -— 3.8 5.4 12.5 2.9 - - -
25 e e e e e 4.8 -- 25.8 e e e e
29 e e e e e 6.9 0.5 e e e e
30 e e e 7.1 -- 893.0 1l2.5 e e e e
31 -— - -— 0.8 28.5 —— ——
Total | (overall: 1044.7) |
0.0 0.0 0.0 33.8 115.6 89,7 228.4 417.3 1l58.0 2.0 0.0 n.o
Mawimum | (Dwerall: 93.0} |
0.0 0.0 0.0 22,1 33.0 18,0 93.0 53,1 2e.7 1.8 0.0 n.o
Number greater than 0O | {Dverall: 95) |
1 0 0 5 1z 10 20 28 15 2 0 0

The output from most non-graphical dialogues is displayed in the Commands and Output
window. To include the output in a report, mark the output and use Edit = Copy to move the
information to the clipboard, see Fig. 4.2d. Then move to your document and select Edit =
Paste, to copy the results over.

Fig. 4.2c Copying results to areport

Edit = Copy
Eile | Edit Submit Manage Graphics Statistics  Climatic
hdo [ - e
= . 0= Pk
Cut Chrl+ |

Chrl+C

Copy Special Crl+¥
Paste Chrl+y M

Clear De| |
Select Al - -~ -
Eind... Ctrl+F

As there is no rain in January to March nor November and December, it is possible to display
just the months April to October by completing the Display Daily dialogue as in Fig. 4.2e.
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Fig. 4.2d Display specific months

ta ¢ Commands and Output

— Monthly Summaries . .
N - R LT |I21I|splav_\pr of daily data
. .. Daily data for: w1930
¥ Mawimum [ Minimum [ Mean Mom  Apr Moy Tun el aug
Drata fram Im Da¥, ———————mm——————m————
[w Starting manth 1 o =S -- -- 1.0 E
Dizplay from | 248 | Maonths [7 = Z -- -= - -- 3.3 3
oy o [T~ Mo 4 |[20 o T 3l
4 == == i 2.3 3.3
5 - - 6.1 -- 3.1
G . S 3.8 8.4 12.5
7= -- —— —— 2.3
g -- 10.4 o 3.1 37.8
Q - - QA - = 1

The daily data can also be displayed as a graph. Return to the Display of daily data dialogue,
tick the Graphs box and complete the dialogue as shown in Fig. 4.2e to produce the graphs,
one of which is also shown in Fig. 4.2e.

Fig. 4.2e Graph of rainfall from Samaru for 1930

T T 100
WV Tables | & ndividual | © Paint
_ " Line 801
................. : o B0
Referance %j"-"
-
Help | Reszet | AL
20 :
|:|_

50 100 150 200 250 200 350
Dray

The columns have been given names to help in interpretation of the graph. To compare the
four graphs, use window = Tile or <F3>. An alternative is to select Multiple Graphs (see

Fig. 4.2f), when all the years will be shown on one graph. However, this may not be so clear as
comparing the individual graphs, especially if many years are selected.

Each of the graphs can be saved using File = Export and choosing the format; emf (Enhanced
metafiles) were used in this guide. (Within a Word document or Powerpoint presentation, use
Insert = Picture = From File to insert them.)

To close all the graphs use File = Close All Graphs. When you close the worksheet, Instat will
ask if you wish to save the changes. They do not need to be saved.

4.2.2 Display of temperature data

The graph in Fig. 4.2g is a needle plot, i.e. the rainfall points are joined vertically to the x-axis.
For other types of climatic data, it is better to use a line plot. This is illustrated, using
temperature data from Niamey in Niger.

Open the worksheet Ntemp.wor (Fig. 4.2i), either directly or from the library. Note that X3
contains the maximum temperature and X23 the minimum temperature for 1961.

Return to the Display Daily dialogue and complete the dialogue as shown in Fig. 4.2j.
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Fig. 4.2f Temperature data from

Niamey

File = Open Worksheet =

Ntemp.wor or (Open
Library)

From

E Current Worksheet - NTEMP . WOR

I Eunstantsl Strlngsl Lal:uelsl

1 [x2-F| ®3 | w23 |
Da_l,l Manth  Trmxg1 | Tkl

1 1 Jan 1| 14.9
2 2 Jan N7 16
3 3 Jan .2 17.4
4 4 Jan .2 14.6
] B Jan 26 16
B B Jan 33 15
7 7 dan 4.2 18.1
a 2 Jan 4.2 1E.B
9 9 Jan 26 16.4
1EI ‘IIII Jan 32 12 ?

Fig. 4.2g Displaying temperature data
Climatic = Display Daily

Dizplay of daily data

Ayvailable data

323

. | v Summaries

#d
=5
*E
“r
*8
#3

[v Tables

[+ Graphs

=10 av] -
#elMonth

[~ Starting manth

— Maonthly Summaries

™ Sum [T Counts » ||:|

v Maximumn W Minimum W II1

j Decimals ITiII Times|1 Code lo ||:| and

Y awiz

" Individual | € Paint

* Multiple r- :Needle

f+ Automatic © Spe

Feference lines at I

Part of the tabular output for X3 (Tmx61) is in Fig. 4.2h and the graph of Tmx61 and Tmn61 is in

Fig. 4.2i.

Fig. 4.2h Daily maximum temperatures for 1961 at Niamey, Niger

Daily data for:
Mon Jan Feb

32.8 32.9
Minimuam

28.5 29.2
Max imuum
|| 36,2 37.6

Display of daily data

Tmx61

36.7  40.

£9.3 35,

6.

28.

40.

.0 36.8 Z9.Z
.4 3l.4 33.3
.9 34,8 35.Z2
.4 34,2 3l.6
o 3l.0 Z27.0
o 3l.4 Z5.0
4 3JFZ.3 Z9.6

24.6 27.3
3 3Z.9 3005

33.

28.

3.

o 37.5 35.4 3E.2
0 36.6 36.5 3E.0
o 37.4 36.0 33.0
& 37.3 35.0 33.8
£ 38.2 35.6 34.3
4 3.0 35.3 34.1
& 3.6 33.4 33.0

3.6 33,3

| iowerall: 3s.57 |
3 38.3 36.4 32.3
[Owerall: 24.2)

36,6 33.4  30.0
{Owerall: 44.2) |
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Fig. 4.2l Plots from the Display command of maximum
and minimum temperatures in 1961

45

M —— Temp max 1961
A0 v Termp min 1961
35 MM\ w
30
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201
151

10 . . . . . . .
50 00 150 200 250 300 350
Day

4.3 The ‘Spell’ and ‘Water Balance’ dialogues

Other dialogues can display daily climatic data in a table format to emphasise different aspects
of the pattern of rainfall through the year. For illustration, return to the data from Samaru , i.e.

File = Open and select Samsmall.wor. If you saved the changes before, then use Manage =
Data = Clear(Remove) to delete unwanted data in X12-X60.

Fig. 4.3a The Climatic menu Fig. 4.3b Calculating dry spell lengths
Climatic = Events = Spells

File = Open = Samsmall.wor Available data Results: Range
Climatic = Events = Spells 1| < [F Simple 0 0.85
[l YWindow  Help " | Inconditinnal L —
Manage , 21931 Transforms the [daily] data into zpell Iengthsr A3
. g . %1932 . K LW )T L (o 1] [ e
Display Daily... sA[y1933) 537
Summary. .. égg}l ggg} [™ Graphis] w33
; =34
Skart of the Rains, .. 271 996 ;I toas
) Extremes...
Examine...
Process. .. Water Balance. .. r T.reat each year separately Initial spell length
Evaporation ' Digplay of spell lengths
Crop L Drata fram I-.lanuar_',' vI
Heakt Surn, ..
v Tables
Markow Modeling  #
[~ Graphs

4.3.1 Spell Lengths

To calculate dry spell lengths, select Climatic = Events = Spells (Fig. 4.3a). Complete the
Spell lengths dialogue as shown in Fig. 4.3b. A dry day was defined as a day with less than
0.85mm of rain. Our reasons for choosing this seemingly curious value are considered in more
detail in Chapter 6. However, one principle in constructing Instat has been to give as much
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choice as possible to the user. Hence other thresholds may be substituted or the results from a
range of thresholds may be compared.

Fig. 4.3c displays the dry spell lengths, which were stored in X12.
Fig. 4.3c Dry spell lengths for Samaru (1930)

Spell Lengths
Mon Jan Feh Mar Apr Hay Jun Jul g 3ep Oct Mo Dec
I e R e e e
1 n I I it} 7 Z 3 i == =] g 35
2 i’} i} m m g 3 4 - -— 7 a 39
3 i’} i} m m =] -— L - -— a 10 40
4 b} b} i} m 10 1 S o 1 9 11 41
5 i} i} L it} 11 o 1 o . 10 12 42
1] i} i} L it} 12 == == o == 11 13 43
7 i n il i 13 1 1 e e 12 14 44
] i} i} L it} == z == i == 13 15 45
a n I I it} 1 . 1 1 == 14 la 46
10 i i il - 2 1 2 - - 15 17 47
11 i i il 1 - 2 -— - - 16 15 45
30 i il & - 2 -— - & & 37 &7
31 i il 1 1 -- 7 15
Max imuum [Owerall: 68&)
i n il & 13 7 5 1 5 28 37 15
Number of mizssing wvalues [Owerall: 29)
31 28 31 a 0 0 n n 0 0 n ﬂ

The early part of the year is coded as missing. In the absence of information at the end of 1929
it is not possible to give the spell lengths for 1930 until the first wet day. As shown in Fig. 4.3c,
that was on 10th April. Fig. 4.2b earlier, showed that the rainfall on 10th April was just over
5mm. This is not enough for sowing a cereal crop, and the results in Fig. 4.3c show that there
was a dry spell of 13 days ending on May 8th, so the sowing early would be unlikely to be a
success. The output also shows the maximum dry spell for each month. In this year there was
no dry spell of more than 7 days from June to September.

4.3.2 Water Balance

Many definitions of the end of the growing season use a simple water balance equation. In this
chapter the water balance dialogue in Instat is used as a further illustration of displaying daily
data.

To calculate the Water balance, select Climatic = Events = Water Balance (Fig. 4.3a). The
water balance dialogue requires the rainfall data and either a number or a column containing
evaporation data. Complete the dialogue to look like Fig. 4.3d. The evaporation is taken as
5mm per day and the storage limit as 100mm.

The plot of the water balance is shown in Fig. 4.3e and the numerical results are in Fig. 4.3f. In
Fig. 4.3f, data are automatically coded '--' when the water balance is zero and '++' when full.
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Fig. 4.3d The water balance dialogue Fig. 4.3e Water balance plot for 1930
Climatic = Events = Water Balance

00
Available data Hesu.lts: _ Capacity Iﬁ . M
] < £ Simple " First — T 80—
~| Evaporation vZE é
%2(,1931 ) [5 -] 13 60
I
E waporation =
*R[1934) 34 i
[y 935) [~ Separate years 535 —E 40—
%71 936 | #36 T
[
[~ Conditional § 20—
™ Ruraff
— Dizplay of water balance - I I I I
[rata fram
IJa”“aUr' :I' 0 50 100150200 250300350
v Tables Da-._,l,r

gfv a:-:isll:l_tc. |‘||:||:|ilI Reference lines |2|:| 406080 1C

+ |ndividual graphs € Multiple graph

Fig. 4.3f Simple water balance for Samaru, 1930

Mon Jan Feh Mar Anpr May Jumn Jul Aug Sep Oct Now Lec
Day. ————— -~~~
1 -- -- -- -- ] -- -- az ++ 52 -- --
z o o = o - o = an ++ 57 = S
3 o o = o - 10 = 23 a7 £z = S
4 -- -- -- -- = E -- al oz 47 -- --
£ -- -- -- -- = £ -- g3 ot 4z -- --
& o o = o - 3 3 a7 ++ 37 = S
7 o o = o —_— 0 = 24 ++ 3z = S
& -- -- -- -- £ -- -- ++ 23 27 -- --
2 -- -- -- -- o 4 -- at ++ zz -- --
10 o o = o o o = a3 a7 17 = S
11 o o = o — o 7 ++ o8 1z = S
1z == = = == = 11 ++ 37 7 = =5
1z -- -- -- -- 1z £ 17 a7 oz z -- --
14 = o == = 41 1 14 94 87 [/ -- o
15 o o = o 37 14 1z 28 o3 == = S
1s -- -- -- -- 3z 1z z1 ++ 24 -- -- --
17 -- -- -- 29 13 23 + a0 -- -- --
1z o o = 1z 34 g 38 ++ g5 o = S
13 o o = 2 35 3 33 as gg o = S
z0 -- -- -- 4 30 10 zg ++ gz -- -- --
zl -- -- -- -- zg E z4 ++ o3 -- -- --
zz o o = o z3 o 13 ++ 85 o = S
z3 o o = o 1z o z3 ++ 83 o = S
24 -- -- -- -- 1k -- z7 9t o3 -- -- --
Pl -- -- -- -- ped -- 30 ++ oz -- -- --
zg o o = o z1 o 3z a3 87 o = S
27 o o = o 1g o z3 24 gz o = S
2g -- -- -- -- 11 -- 24 ++ 77 -- -- --
z3 -- -- -- £ -- 4] 25 7z -- -- --
30 o = == g o ++ 67 o = S
3l o = 3 a8 ++ o S
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With this simple water balance, the results in Fig. 4.3f indicate that a planting on 10th April
would have suffered from no available water between 21st April and 8th May. Planting on 12th
May would have been better, but again there was no water by 8th June. Little rain fell until July
and the profile was not full until 30th July. If the end of the season is defined as the first date
the soil profile is empty after 1st September, then Fig. 4.3f also shows the end date is 14th
October. Hence, with the rainfall of 1930 and this hypothetical evaporation, the length of the
season, from 12 May to 14 October, was about 5 months.

4.4 Graphical presentation of the daily data

Figs 4.2g, 4.2 showed the graphs produced from the Display Daily dialogue. Sometimes
these automatic graphs are not sufficient and the Graphics = Plot dialogue can then be used.
One example is to plot the rainfall and the water balance together. Assume the water balance
dialogue has been used as shown earlier, so the results are in X13. Then from the Graphics
menu, select Plot. Complete the plot dialogue as shown in Figs 4.4a to 4.4d. Notice that using
Define Lines and Symbols, rainfall is displayed as a vertical plot in red and the water balance in
blue.

Fig. 4.4a Defining rain and water balance plot Fig. 4.4b Defining axes
Graphics = Plot

e

Styles and Colours Awez | Titles -
General Styles and Colours Auez | Titles
- W ariable(z) Owerlay
51,13 < wa [ ] .
S Yeamiz  X-awis
weal - L 0
(ull] | |
RHp1333) Reference Lines .
HA(1934) Hi
ish [100  [366
*E[w1935 .
X?B'I 938% v Harizomtal |50 &0 100
-4 ariable Wertical 187 275 366
=140 ay] -
[ Byfactor W Include legend
[~ weights
Help Reset ‘ LCancel ‘

Fig. 4.4c Defining symbol and line styles Fig. 4.4d Adding the title
Pt pot |
General Shiles and Colowrs | Awes | Titles General Styles and Colours Awez | Titles

Spmbal zettings Title

Y wariable | Symbol Type Symbol size Symbol colour Plat af rainfall and water balance{
X1 Maone 2 Dark Red

13 2 Dark Green
Line zettings

Y wariable | Line type Line style Lire calour

51 Vertical Solid

®13 Maormal Dashed Blue

Careful choice of plotting options can give clear graphs, which assist interpretation. In Fig. 4.4e,
for instance, the graph with both the water balance and the rainfall, with the rainfall as a 'needle’
plot, can be informative and easy to interpret.

It is also useful to add reference lines to the plot. The horizontal lines emphasise the state of
the water balance, while the vertical lines indicate the different seasons.
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Fig. 4.4e Plot of rain and water balance for Samaru 1930

Plot of rainfall and water balance
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| |
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If several years of rainfall and water balance data are to be looked at together, it may be simpler
to use the Instat commands or even write a macro to do the same thing. (How to write Instat
macros is explained in Chapter 14).

For example to compare the years 1930-1933 graphically, the commands shown in Fig. 4.4f
could be copied into an Input window. If this looks difficult use the Climatic = Events = Water
Balance dialogue followed by the Graphics = Plot dialogue instead. Then paste the commands
that were generated, into an Input Window.

When typing commands <sShift> <F11> can be used to edit the last command. This makes it
easy to produce the successive plot commands that are very similar to each other.

Fig. 4.4f Instat commands to produce plot in Fig. 4.4g

Water X1-X4; evaporation 5; capacity 100; into x21-x24
Linex1 211 :Linex2211 : Linx3211 :Linx4211
Line x21 114 : Line x22 114 : Linx23 114 : Line x24 114

plot x1x21 "Day”;xax 0 366;yax 0 100;href 50 80 100;vref 92 183 275 366; tit"1930";nolegend
plot x2x22 "Day”;xax 0 366;yax 0 100;href 50 80 100;vref 92 183 275 366; tit'"1931";nolegend
plot x3x23 "Day”;xax 0 366;yax 0 100;href 50 80 100;vref 92 183 275 366; tit'"1932";nolegend
plot x4x24 "Day";xax 0 366;yax 0 100;href 50 80 100;vref 92 183 275 366; tit'"1933";nolegend

Each plot command produces a graph. To compare the four graphs, use Window = Graphs =
Tile to produce a picture similar to Fig. 4.4g.

Fig. 4.4g Rainfall and water balance plots for years 1930-1933

1930 1931
100 vvv’wf 100
80 ¥ —rain 80} ¥ —rain
v — water ¥ — water

60} 60-]

40 40

A MN Ll

0 ‘ ‘J 1l HM‘ 0 ‘ \‘ k\ ] \HH J\|‘ IH “H \J “\ ‘ ‘
50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Day Day
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Each of the graphs can be individually saved, using File = Export and inserted into a Word
document.

45 Conclusions

The climatic dialogues introduced in this chapter have been used mainly for data exploration.
This is a quick, but important task at the start of the analysis. The data are then summarised,
as described in later chapters, and other oddities may appear. Then it is useful to return to the
ideas in this chapter, to investigate the data from those particular years in more detail.
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Chapter 5 — Summarizing Climatic Data

5.1

Introduction

Our main task in this chapter is to show how to summarise daily data over monthly or 10 day
periods. These are only examples and results can be calculated for any period of the user’'s

choice, e.g. 5 or 7 days.

Starting from the daily records, the full analysis of the climatic data is therefore often a two-step
process. The first is that of an initial summary and is described in this Chapter and in Chapter
6. Then Chapter 7 describes the second step, of processing the data that have been

summarised.

5.2 Preliminary steps

The data are daily rainfall records for 11 years from Samaru, Nigeria. It is the set that was used
for presentations and Graphics in Chapter 4. The first task, as in Chapter 4, is to open the
worksheet. Use File = Open and select Samsmall.wor.

The 11 years of data are in columns X1-X11 and the first preliminary step is to make sure that
the columns of data are locked to prevent them from accidentally being overwritten. Use
Manage = Column Properties = Lock/Unlock as in Fig. 5.2a.

Fig. 5.2a Column Properties submenu

Zalculations. ..
[Daka
Manipulate
Reshape

Column Propetties

Resize Warkshest, .,
Warksheet Information. ..

Graphics  Statistics  Climatic  Window

4
4
4
3

» 7

Fackar...
Marne. ..
Farmat...
Alignment. ..

Lo l::1lI Unlack, ..

If the columns are already locked, the Lock/Unlock Columns dialogue will look as in Fig. 5.2b.
If the columns are not locked, the dialogue may look as in Fig. 5.2c.

Fig. 5.2b Columns X1-X11 already locked
Manage = Data = Lock/Unlock

LockMInlock Columns

Fig. 5.2c If the columns are not locked
Manage = Data = Lock/Unlock

LockfUnlock Columns

Data columnz

| B

Help Rezet

* Lock

" Unlock

[T Reserve free columnz

Cancel

D ata columnz

CEI—

£
541 [y1 30 ~
3201 531
W3] T3]
syl 333
(] 534]
i1 T35
37l T36) v

Help Rezet

* Lock

" Unlock

[T Beserve free columng

LCancel ak.

The status of the columns could have been seen directly from the worksheet, as shown below,
where the locked columns have a * beside them, e.g. X1*
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{ Columns | Constants I Strings I Label: I Title: ISamaru data for 1930-1340

| | w1 | owz [ w¥ | oxe | ®E | ®E
This step only has to be done once. The columns will remain locked the next time the same set
of data is used.

To see the contents of the worksheet, use Manage = Worksheet Information (Fig. 5.2d and
5.2e).

Fig. 5.2d Information about the worksheet Fig. 5.2e Column details
Manage = Worksheet Information e _
. Current Work sheet Information E &, Current Worksheet Information Ed
3 Columns (X) © Constants (K) © Stings (8) © Labeks (L1 SSPMatie(y) | General © [#FC Constants (K] © Strings (5] € Labels (L] 55P Matrix ()
e Colurmn | Mame | Type | Length I Status
Worksheet filename |C:\MYDDCU"’1\WDHKING\SAMSMALL.WDH @& Ussd " Fres *1 R1830  Warate 366 User locke
: we R1931  Warate 366 User locke
Title |Samaru data for 1930-1340 Distals of columns(] ®3 R1932  Warate 368 Uszer locke
Mumber  Length i ks Uiuses ) R15932 Var!ate JEE User locke
. . pg] “ariate 366 User lockes
o HED BED B B Number in worksheet [~ £ |6 Vaite 386 Userlocke:
Label M0 l— . wi Variate 366 Uszer lockes
anEs I z I £ I L I e (0] Js399 bz Lamglh I SN BY Yariate 366 User lackes
Constants | 5 | | il | 5 (1] Igggg Wiz i e I—H ®a Variate 366 User locke
X110 Wariate i User locke
Colurnns | B0 | 366 | 11 | 49 M(2) ISSBB Mumber unused I FEIN E:RA “anate 366 User locke:
SEP matris I 1 | 10 | i | 1
1 | 2
Heo | ] e |

The 60 columns are each of length 366. Clicking the Columns (X) option, shows (Fig. 5.2¢),
that X1-X11 are 'User locked'. They contain the raw data, i.e. the daily rainfall values for 11
years. If there are extra unlocked columns in your worksheet, they may contain the results from
a previous analysis.

If you need to remove the extra columns to start each analysis with a 'clean’ worksheet, use
Manage = Data = Clear (Remove). To remove any labels at the same time as removing the
columns, tick the Remove attached labels box. (Fig. 5.2f).

Fig. 5.2f Remove extra columns
Manage = Data = Clear(Remove)

i, Remove
— Type of dat.
O

[} € ConstantsK] ¢ Labels(L] ¢ Stings(S)

— Flemaove
¥ Columns ' Rows " Data

Awailable data [+ Remove attached labels
41260

PRTTEREE
w2 (R1931]
w3(R1932)
¥AlR1933)
5

B hd|
Help | Rezet | LCancel | [1]4 I

Usually at this point, following good statistical practice, the raw data would be examined, using
the methods described in the last chapter. These steps are omitted here to demonstrate other
facilities.

The two steps above, of checking that the data columns are locked, and of clearing unwanted
columns are general and apply in many chapters. The final preliminary step is particularly
needed for this chapter. This is to produce a column, here X12, which uses the numbers 1 to
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12, to specify the months. There is a special dialogue to perform this task, so use Climatic =

Manage = Make Factor (Fig. 5.2g) and complete the dialogue as in Fig. 5.2h.

Fig. 5.2g Climatic Manage menu

Window  Help
Mew Waorkshest, .,

Display Daily. .. Impart Daily Data. .,
Surmnmary. .. Make Factaor. ..
Events * Shift Daily Daka...
Eani Unstack Daily Data...

HAMN. - Stack Daily Data, ..
Process...

] Interpolate, .,
Evaporation L4 ) .
Configuration. ..

Cran |3

Fig. 5.2h Make factor column with monthly labels
Climatic = Manage = Make Factor

Add factor for summary or display

* Generate a new factar

(™ Make a factor from an existing column of dates

Penod

- Mu:unths Starting month m
. Dekads MNurnber of periods Ifi
" Weeks

™ Pentads Save into ’m
" Day number [v Add labels L1 -

i rme bl

~ 0
|T|:u add a label, &.g. Jan, Feb ta the levels of the Factu:ur|

Help ‘ Reset | Eance|| Apply | ak |

This uses the label column, L1 to label the months. The worksheet, Fig. 5.2i indicates what has
been done at this stage. Notice, from the dialogue in Fig. 5.2h, that it would have been equally
easy to produce a column that identifies the dekads, weeks or pentades in the year.

Fig. 5.2h Samsmall with display of labels

En:nlumnsl Eanstantsl Strings | L
L= | L2

Jan

Feb

b ar

Apr

b ay

Jun

Jul

Aug

Sep

10 |Oct

11 | Mo

12 |Dec

L0 00| 7] | O OF | e || PO | —

5.3 Single Summaries

....and data showing April/May

100 | ®11r | H12-F |
kanth
117 0 0 Apr
118 0 2667 Apr
119 0 0 Apr
120 0 0 Apr
121 0 0 Apr
122 0 0 May
123 457 0 May
124 0 0 May
125 0 0 May
126 0 205 May
127 i 17.78 Mau

This section describes how single summary columns can be formed. The routine to give all the
monthly totals is in the next section. In both cases the dialogue is Climatic = Summary.

Complete it as in Fig. 5.3a.
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Fig. 5.3a Summary dialogue for annual rainfall totals Fig. 5.3b Annual rainfall totals
Climatic = Summary
Summary of daily data E| *13 |
“workzheet
& Same 1 1044.73
2 1197.32
Main | Options | Elot 3 119216
Awailable data Summar_l.J Summarize inta 4 131161
(+ Totals %13 ﬂ 5 1076.67
i~ Means = 995 43
" Mo o 7 115032
axima %16
i Medians =17 g gg?gg
=18

" Counts :
21 s 10 1129.27
Factar Layout by: W Plot 11 1082

- (+ 45
- {
Help ‘ Rezet ‘ LCancel | ok

The annual totals are displayed in the Commands and Output window and can also be seen in
the spreadsheet (Fig. 5.3b).

The dialogue in Fig. 5.3a includes an option to produce the graph shown in Fig. 5.3c. This plots
the annual totals by year, together with a solid line, for the mean of the annual totals over the 11
years (1089.6m).

Fig. 5.3c Annual totals for 11 years Fig. 5.3d Annual totals for alonger record
sum of X1-X11 sum of X1-X56

1330 1600

1300 +

1250 + 1400 —+

1200 +
1150 + A
1100 +

A 1000 +
1050 / \/
1000 + 200 +
708 8 10 1

1200 +

X13

250 +
00

&00
1 1]

Year Yaar

1 2 3 4 3 [

When long records are analysed, this type of graph gives the first indication of any trend or
other pattern in the totals. An example is shown in Fig. 5.3d. This is the same analysis as
above, but for a longer record of 56 years (1928 to 1983 in samaru56.wor) from the same
station. In this graph the fainter lines are at 1 and 2 standard deviations about the overall mean
of 1068.1mm. This graph indicates perhaps a tendency towards a lower annual total in the later
years.

At the end of Section 5.2 a monthly (factor) column was produced. One use of this column is in
Fig. 5.3e. This shows part of the same dialogue as before, but where just the data for July are
analysed. The graph is shown in Fig. 5.3e with the longer record of 56 years.
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Fig. 5.3e Summary to show July
sum of X1-X56 for X58{(Month) = Jul

Factor
[<5eiMonth] =] 40
400 +
™ LE:'-.-'E:lIJuI 'I 350 +
w 300 4
5' 250
|

Year

This section has shown how to provide single summary columns, from the daily data. The
graphs in Fig. 5.3c and e have also started the process of looking at the summary values.

5.4 Monthly summaries

The last section showed how to produce annual and individual monthly totals. Now the results
are given for all the months. The same dialogue is used, completed as shown in Fig. 5.4a. The
differences from Section 5.3 are as follows:

Use the factor column for the months, but without specifying a particular level. This gives the
results for all the levels, i.e. all the months in this case.

The summary columns can be provided in 2 different ways. These are the options in Fig. 5.4a
and 5.4b of layout by Year or by Month.

Fig. 5.4a Summary for months — by Year Fig. 5.4b And by Month
Climatic = Summary
Summary of daily data E| Summary of daily data E|
wéark sheet Work sheet
o Same O New (* Same " MNew
Main | QOptionz | Plot Main | Options | Plat
Ayailable data Summary Summarize into Awailable data Summary Summarise into
¢ Totals 01 424 ﬂ * Totals
" Means " Means
 Minima #15 ™ Minima #15
" Masima 18 i i =18
w17 b axima w17
" Medians ®18 i~ Medians =18
" Countg é;g w " Counts ﬁ‘lzg 2
Lapout by: r Factor Layout by: -
'
[gfa' Wi2Month) =] | e
i~ i B
™ Level onth I Level t

Help Reset | Cancel | aK | Help ‘ Reset | Cancel ‘ ak.

The layout of the monthly totals in Fig. 5.4c is by year. Thus each column is of length 12 and
gives the totals for a given year. X13 gives the totals for 1930, X14 for 1931 and so on. This
layout is used in further analyses where monthly values, rather than daily data are required.
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Fig. 5.4c Monthly totals for the successive years

W14 | W18 | K16 | ®17 | 18 | w19 | x20 | w21 | w22 | w23 | x24 |
1 0 0 0 025 0 0 0 0 0 0 0
2 0 0 10E7 0 0 0 07 0 0 Bl 0
3 0 0 0 0 0 883 076 0 076 1499 0
4 | 3379 E299 E477 24R4 734 94 R451 2185 E7ES 1219 ZRET
§ | 11556 148.85| 22657 9931 180.33) 10668 151.37 110.73| 135.37 15976 7368
B | 8967 21029 25223 23315 141.49) 23216 111.24) 128.28| 179.57 13384 139.95
7 | 22835 @2898| 13069 32942 1811 13665 26568 20371 130.69 15646 216.92
8 | #M17.32) 24359 224.05 351.01 339.35 35458 20802 277.37| 239.55 28828 210.82
9 | 15801 23621 223.01 270.78 106.39) 14553 31521 240.02) 21363 2657 2032
10 203 457 5817 0] 5461 254/ 2871  1.02 1194 9195 3951
11 0 152 0 205 0 0 0 0 0 0 0
12 0 0 0 0 0 0 406 0 0 0 0

The alternative layout is shown in Fig. 5.4d. In this case the summaries have been 'transposed'
so each column now contains the summary for a given period, in this case for a given month.
So, in Fig. 5.4d, X25 gives the totals for January. Each column is of length 11, because the
record has just 11 years. This layout will be used for the further exploration and processing of
the data in Chapter 7.

Fig. 5.4d Totals by month.

w25 | wWah | W27 | w2 | %29 | w30 | =3 | w32 | %33 | %34 | %35 | w3 |

Jan_t Feb t Mart Aprt Map bt Jun bt Jult Augt Sep t Octt Mow t Dect
1 0 i 0 3379 11666 9967 22835 41732 18801 203 0 0
2 0 0 0 E299 14R85 21029 2898 24359 23621 457 152 0
3 0 10E7 0 B4.77| 22657 25223 13069 22405 22301 5817 0 0
4 | 025 i 0 2464) 9931 23315 32942 351.01 270.78 0 305 0
5 0 i 0 734 18033 14149 1811 33935 10639 5461 0 0
B 0 0 883 94 10668 23216 13665 35458 14553 254 0 0
7 0, 076 076 B451| 151.37| 111.24| 26568 20802 21521 2871 0 406
] 0 i 0 21.85 11073 12828 20371 277.37| 24002 1.02 0 0
] 0 0 076 E755 13537 17957 13869 23955 21263 11.94 0 0
10 0 EB1 1499 1219 15976 13384 15646 28828 2657 9195 0 i
11 0 i 0 2667 7365 13995 21692 21082 2032 3961 0 0

So far the monthly totals have been saved in the same Instat worksheet that holds the daily
data. Itis sometimes convenient for the summary values to be stored in a new worksheet. This
step is essential if the daily record is very long, because the current version of Instat has an
upper limit of 127 columns.

Use the same dialogue as before, but with the option to write the summary values to a new
worksheet. To activate this option, first enter the factor to be used for the summaries, as shown
in Fig. 5.4a. Then, as shown in Fig. 5.4e, choose the name of a new worksheet. The Browse
option on the dialogue is to help avoid an existing worksheet, rather than to choose one!
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Fig. 5.4e Putting the summaries into a new worksheet
Climatic = Summary
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55 More summaries

Instat is designed to give as much flexibility as possible, so the analysis can be tailored to the
user’s requirements. As an example,consider the summary of temperature data from Niamey,
Niger to review the ideas introduced in this chapter. The worksheet is called Ntemp.wor and will
be used again in Chapter 8, which is on ways of processing temperature data.

Section 5.2 covered the preliminary steps, as follows:

a) After opening the worksheet, check that the data columns are locked. Here they are X3
to X22 for the daily maximum temperatures from 1961 to 1980, and X23-X42 for the minimum
values. See Fig. 5.5a.

b) Remove any working columns that may remain from a previous analysis. Either use the
dialogue shown in Fig. 5.5b or type REMove X44-X100 into the 'Commands and Output'
window.

c) Decide on the level that the data are to be summarised. Fig. 5.5¢ is by dekad.
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Fig. 5.5a Lock data columns Fig. 5.5b Remove unwanted columns

File = Open = Ntemp.wor __Manage = Data = Remove(Clear)
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Fig. 5.5d Summarise the data

¥ Remove attached labels

Fig. 5.5c Make a dekad factor column
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Then use the Climatic => Summary dialogue as described in Section 5.4. Part of this dialogue
is in Fig. 5.5d. At this stage you must decide:

a) Which columns of daily data to process. The example is for the minimum temperatures
b) Which summary to give. The example is of the dekad minima.
c) Whether the resulting columns should be by year, or by dekad. This depends on what

you plan to do later in the analysis. Sometimes both layouts are needed for different analyses
as shown in Fig. 5.4b and Fig. 5.4c. Then use the Climatic => Summary dialogue twice as
shown in Section 5.4.

d) Whether to put the summary columns into the same worksheet, or into a new worksheet.

5.6 Satisfying the user

The Windows-style dialogues make it very easy to use software such as Instat. One possible
problem is that a user may become helpless if a product is needed that cannot be given with the
dialogues.

A simple example is used, but the strategy of how to cope with non-standard requests is more
important than the particular example.

The example is to give the rainfall totals for each of the 4 seasons, Jan-March, April-June, July-
Sept and Oct-Dec. This may be of interest to compare actual values with 3-month predictions
from seasonal forecasts. Here, however, the main point is that the 'route' suggested in this
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chapter needs modification. This is because the Climatic = Manage = Make Factor dialogue,
introduced in Section 5.2, supports a summary for Months, Dekads, Weeks or Pentades, but
does not include the option of 'seasons'.

Typically, when the problem is not trivial there is more than one solution, and here three
alternative approaches are considered.

Fig. 5.6a Total rainfall for July — Sept.

File = Open Worksheet = samsmall_wor Fig. 5.6c Results
Manage = Manipulate = Row Statistics
R
Available data — Statistics required————————————
bt e < savein 1 S0358  BO3ES
[ Count
RTETER] = 2 7EAE 7EAE
%2R1931] [~ Mean 3 B8R 75 BER.75
®3[A1932) ™ Mirimum 4 551.21 551.21
elplEEe) . 5 E26.84 62684
“E ST 5 E3676  BIE76
o7 =l st e 7 78891  788.91
[V 37 = g 7211 7211
TTRRSSARSISiraiRas Rt ] 591 87 591 87
10 710.44 710.44
Fig. 5.6b Manage = Calculations 11 530.94 £30.94
12
Calculate | |
(X314X32 ¢33
1| 2fa] -]~
ol I N I
7| 8fa| -]
pi 0 | ; | { ‘ mw‘
. ey {* in a column -
[ Further funchions ™ hesult © in a constant w38

The first approach is to summarise the data over months and then to add the totals to give the
seasonal values. The results were shown in Fig. 5.4a, where for example x31 to x33 gives the
totals for July to September.

Then use either Manage = Manipulate = Row Statistics Or Manage = Calculations as shown
in Fig. 5.6a and 5.6b. The seasonal totals are stored in X36 and X37 respectively and are
identical. Repeat for each season.

This approach is also useful if the user wishes to examine the more detailed monthly results en
route to the calculation of the seasonal totals. However, it does require repeated use of the
Row Statistics or Calculations dialogue and it was 'lucky' that the seasons were a whole
number of months. If they were for 3-month periods from 15" June, etc, then the method could
not be used.

The second approach is more general. The task of the Climatic = Manage = Make Factor
dialogue is to make a column that can be used to split the data into (monthly) groups. This
dialogue cannot be used, but all that is needed is to make a factor to specify the 4 seasons.
Enter the numbers 1 to 4 into the next free column, as follows:

e 1isfor Jan to March. Including Feb 29 there are 31+29+31=91 days
o 2is for April to June. There are 30+31+30=91 days
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e 3Jis for July to September. There are 31+31+30=92 days
e 4 s for October to December. There are 31+30+31=92 days

These could be typed directly into the worksheet, but a simpler way is to use the Manage =
Data = Enter dialogue as shown in Fig. 5.6d. Name the column as Season and then define the
column to be a factor as shown in Fig. 5.6e .

Fig. 5.6d Enter the seasonal code numbers Fig. 5.6e Define a seasonal factor
Manage = Data = Enter Manage = Properties = Define Factor
Enter data Make or modify a factor column X
lipzd Data column
{« Columns [x] " Constants [K] " Labelz [L] r |><3'EI[SeaS|:|n] Spring
Surnmer
Colurnn [] ALturnn
Into " inter
|91(1) 91(2) 92(3) 92(4] E| a9
M ake variable inta a factor
£ Murber of levels
7 Attach to existing label colurnn
¢ Attach to new label column L2 -
Now summarise the data by season (Fig. 5.6f).
Fig. 5.6f Total rainfall by season Fig. 5.6g Seasonal totals
Climatic = Summary
Summary of; daily data E| =40 #41 #42 #43
Workshest Spring_t  Summer_t Autumn_t Winter_t

& Same " Mew 1 0 23302 80268 2.03
star || aptors | el 2 o 42213 VEIE E.09
- - 3 1067 54357 BERYR  BBAT
Ayailable data ?;Jn}r::n:l; Surmarise into 4 0.25 IRT1 951.21 305
~ Means 5 0 39522 E2684 54E
~ i o4 5 589 34824 GIRTE 254
£ Masima e 7 152 32712 7ead 3277
£ Medians éjg ] 0 26086 211 1.02
& Ll 4B o 9 076 38243 BEY 1194

—_
(s}

Layout by: ~ 21.09 305,79 71044 91.95
i 24027 B3094) 3961

—_
—_
=

* Seazan

oy
P

[ Level

Help | Feset | LCancel | ok |

This second method is flexible and can be used for periods of any number of days. It has
required more knowledge of Instat, but still used the dialogues in a simple way.

The final method builds on this second approach and is more general still. It is not needed to
analyse the data from one station, but would be useful if the analysis is repeated for many sites.
By automating the analysis, the steps illustrated in Fig. 5.6d to 5-6g are done more easily.

This third method is to write a macro to undertake one or more steps in the analysis. Writing a
macro demands more knowledge of Instat, so here the macro, called Seasons.ins is supplied.
The task is simply to use it.
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Use submit = Run Macro and complete the dialogue as shown in Fig. 5.6h. Use the 'Browse'
button to find the macro called Seasons. Then click OK. This macro asks what worksheet you
would like to process. Then it opens the worksheet of your choice, produces the factor column
and does the seasonal summary automatically. If you wish to see the Instat commands in the
macro then use Edit = View/Edit Macro = Open dialogue and complete it in the same way as
shown in Fig. 5.6h.)

Fig. 5.6h Run a macro to give a seasonal summary of the daily data
Submit = Run Macro

&, Hun macro |

— Directany b acro file name

" Current I'xinstat'xEIimLiI:u'xSeasnns.ins
" Local

% Clirnatic
" General

Browse...

The general message from this section is as follows. The dialogues are used in a simple way
for many summaries of the climatic data. Users can then undertake these analyses without a
deep knowledge of the software package, in this case Instat. Sometimes the requirement is for
a summary that cannot be handled in such a simple way. Then:

¢ More knowledge of the software is needed.

e There may be different approaches. Then each approach is likely to have advantages
and limitations.

5.7 Coping with missing values

The daily data may include missing values. Their input was considered in Chapter 3. In
addition Instat has two other special codes, one that is conventionally used for trace rainfalls,
and the other to signify February 29" in non-leap years.

Most of Instat’s dialogues and commands handle missing values in a sensible way. In the
summary stage for daily records, the user can tailor the standard way of coping with missing
data.

The dialogue for the summary of the daily data, for example Fig. 5.3a, includes a checkbox
labelled Missing. Fig. 5.7a shows this part of the dialogue, and the different options are
described in this section.

Fig. 5.7a Climatic = Summary dialogue showing the options for missing values

S Rl P el l_‘

|Check if zpecial action iz to be taken for mizsing [or trace] valuez. Default iz for mizzing summary only if ALL values are mi&sing.[’l

As shown in Fig. 5.7a Instat’s three 'missing' value codes are as follows:

* = missing data
> = trace
b = February 29th

For simplicity, consider a single month of rainfall data, for which decade totals are to be given.
The data are in Fig. 5.7b. The data are in a worksheet called climmiss.wor.

First consider the default use of the summary dialogue for the rainfall totals, Fig. 5.7c.

The results in Fig. 5.7d, show that the number of missing values (given in brackets), only refers
to the first missing value code (*). Using the dialogue again, but requesting the Count, instead
of the Sum, gives the number of days used in the calculation. This is just the non-missing
values, where all the codes (*, ** and ***) have been ignored. The result is in Fig. 5.7e.
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Fig. 5.7b Rainfall data (climmiss.wor) to illustrate options for missing values

Row Decade Rain Decade No. No.non- * Fh Fxk
X1 X2 missing
1

COWONOUTAWNR
RPRRPRRPRRRRRR
O0O0O0 *OO0O0OO0OO0

N

[4)]
WWWWWWwwww
YOO % ¥ *PLPNO

*
x

Fig. 5.7c The default Summary dialogue Fig. 5.7c Results
Climatic = Summary

Summary of daily data

Whork zheet
* Same  Mew 8Tatzs XZ:sum X3:BY X1
Main | Dptions | Plot sum for each lewvel of X1
Awailable data Surarnary Surra Col o
e < + Totals T O lum Lm
5 J " Meansz l_ X3
®2 ™~ Minima #4

" Maxima ﬁg e

 Medians K7 1 o

" Counts ﬁg 2 (1) 4.6

303 G.d

Factar Layiaut by: r
2 - % Year n) - lewel haz n wmizszing walue(z)
[~ Level ¢ Period

Typing the command directly into the Commands and Output Window can generate the results
in Fig. 5-7d. It can be given as follows:

: STAts X2; BY X1; SUM
This is simpler, than the dialogue in that the results are not saved back to the worksheet.
The output in Fig. 5.7e is given with the command

: STAts X2; BY X1; SUM; COUnt; MISs
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where the statistics for the count and the number of missing values have also been requested.
Fig. 5.7e Summary Statistics including ;COUnt and ;MISsing
: STAts X2; BY X1; SUM; COUnt; MISs

: 3Thts XZ: BY X1; 3UM: COUnt: MISs
Statistics for each lewel of X1
Column Sum Count Miszing
W2
1 0 a 0
2 11 4.6 g 1
303 6.4 5 3
(1l - lewel has 1 nissing wvaluei(s)

This shows that:

e The code * is treated as missing and the totals are calculated for the non-missing values.
This is normally sensible if there are just one or two missing values. When there are
many missing values, an alternative is to set the summary statistic (here the total) also to
missing. This option is shown below.

e The codes ** and *** are ignored, i.e. treated as though the observation does not exist.
This is correct for *** because February 29th does not exist in this year. It is not sensible
for the trace values (coded as **). It would be better to recode them to zero, or a small
value, before calculating the totals. It does no harm when the rainfall totals are
calculated, because the total would still be the same, had ** been recoded to zero. The
results would not have been the same if a different statistics had been requested, for
example the mean.

One alternative uses the option in the dialogue shown in Fig. 5.7f.
Fig. 5.7f Summary where no missing values are allowed

b ook
b amimuimm
Mumnber ¢ |1 Recode |«

The corresponding command and results are given in Fig. 5.7g. With this option, the summary
is set to missing when there are any, i.e. one or more missing values.

bk

v Mizzing

Imk Imﬂ:yc

Fig. 5.7g No missing values allowed Fig. 5.7h Specifying the number of missing

values allowed

-STAts X2:BY X1: SUM: COU:; NOMis 1 :STAts X2;BY X1; SUM; COU; NOMis 3

: stats xE:by x1; sum; count; nomiss 1 : stats xE:by x1; sum; count; nomiss 3
statistics for each lewvel of X1 Statistics for each lewel of X1
C o lumt Jum Count Columt Jum Count
2 W2
1 1 a 1 1 0
2 (1] ® g 2 (1) d.6 g
303 * 5 303 * 5
(n] - level has n nissing value(s) (n] - level has n nissing value(s)

If this is too extreme, then replacing the 1, in Fig. 5.7f, by 3, or giving the command:
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: STAts X2; BY X1; SUM; COUnt ; NOMiss 3
will give the summary statistic if there are 2 or less missing values, but set it to missing if there
are 3 or more. The results are in Fig. 5.7h.

The trace values (**) become important when calculating the number of rainy days in each
decade. In the summary dialogue, shown in Fig. 5.7i specify the counts and also check the
restrict box. Given a lower limit of 0.01, or a higher value, if small amounts are to be ignored.

i p%ﬂestrict data values I:uetweenll:l.m and I
P | o
|Elfter'| Lzed in conjunction with the 'Countz' to give the number af raing ar hat days, ete.

The results are the same as from the command:
: STAts X2; BY X1; COUnt ; REStrict 0.01
and are shown in Fig. 5.7j.
Fig. 5.7j Count of rainy days, when trace values are ignored

1 Stats X2; by x1; count; restrict 0.01
Count £or each lewvel of X1
Column Count
Mz
1 0
211 2
303 3
inI] - lewvel has n missing wvalueis)

This default of ignoring trace values may not be appropriate, as a small amount of rain has
fallen. If so, then one possibility is to recode the trace values within the summary dialogue, as
shown in Fig. 5.7k.

Fig. 5.7k Temporary recoding of trace values

» K HAK

S Gl | e [ Recode [+ a1 | [o=

This recodes the data within the calculation, but leaves the data column unaltered.

The other option is to recode the trace values once and for all. This uses the Recode option in
the general dialogue to transform data. It is given by Manage = Manipulate = Recode. Then
complete the dialogue as shown in Fig. 5.71.
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Fig. 5.71 Recoding trace values Fig. 5.7m Results following recoding trace

Manage = Manipulate = Recode to 0.1

Statistics for each lewel of X1

From Fange Stat  |RangeEnd | MewValue |-
w2 hal [ 0.1 Colummn Sum Count
I
Irka
w2 -
e
v
1 0.1 10
[ Make result a factor 2 i 4.7 9
3 (3] 6.4 5
Help ‘ Reset ‘ LCancel ok
[n] - lewvel has n nissing value(s)

i Sstats XE:by x1l; sum; count; restrict 0.01
Gtatistics for each lewel of X1

Colunn Sum Count
K2
1 0.1 1
2 (1) 4,7 3
3 (3] G.d 3
in] - lewel has n missing wvalue(s)

In Fig. 5.71 the recoded data are saved back into the same column. If WARnings are set to ON,
you will be asked if you wish to overwrite the column. If you do not wish to be asked, then
change the state of warnings using the key F6, or by Edit = Options = Disable Warnings. The
current status of the warnings is in the bottom right hand corner of the Instat screen. lItis
usually appropriate to take the option in Fig. 5.71, of making a once-and-for-all decision on how
to deal with trace values. The results, following this step, are in Fig. 5.7m.

5.8 Conclusions
This chapter has described the production of summary values from the daily data.

A monthly and a ten-day analysis have been shown. However, one of the principles in Instat
has been to give the user as much flexibility as possible. It is equally straightforward to provide
7 or 5 day summaries and Section 5.6 showed how 'seasonal' summaries can be found, where
the user defines each season.

Most of this chapter considered rainfall totals, but Section 5.5 looked at minimum temperatures
to emphasise that other statistics, such as mean, maximum, or the proportion greater than a
specified threshold can also be studied.

The events in this chapter, such as annual or monthly rainfall totals, will be familiar to most
users. What is perhaps new is the ease with which these summaries can be produced from the
daily data. Hence it makes sense to start with the full records, rather than to have separate files
with different summaries. This idea is extended in the next chapter, where other summary
events, such as the date of the start of the season are considered. Then, in Chapter 7 shows
how to process both the types of event derived in this chapter and those produced in Chapter 6.
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Chapter 6 — Studying Climatic ‘Events’

6.1 Introduction

The general theme of this chapter is that access to the daily records enables users to conduct
many analyses that are not possible with just the 10-day or monthly totals.

The word event is in the chapter title. An event here is just a characteristic of interest for which
there is a single observed value each year. Some examples are as follows:

e The total rainfall in January is an event. The total rainfall of 74 mm in January 1984 is
an occurrence of the event.

e The 10-day rainfall totals through the year are 36 events.

e The number of rainy days in the year, with rain defined as all non-zero values, is an
event.

e The length of dry spells in May would not be considered as an event because there
can be more than one dry spell in May in any given year. The length of the longest spell
in May is an event.

e The date of the start of the rains for the first definition, considered in this chapter, is an
event. The starting date, 17th April in 1930, is an occurrence of the event.

Given the events of interest, a simple analysis of climatic events is therefore in two stages. The
first stage is to calculate the value taken by each event in each year. If there are 11 years of
data, then this first stage produces columns of length 11. This first stage was considered for
events such as rainfall totals in the last chapter, and here events such as the start and length of
the season are found.

The dialogues used in this chapter are mainly under the Climatic = Events menu shown in
Fig. 6.1a.

Fig. 6.1a The Events submenu

[yl Window  Help

Manage L4
Display Daily.. .
aurmary ...,

Skart of the Rains., ..

) Extremes...

Examine. ..

Spells, ..
Process... Water Balance...
e =bime e

The main message from this chapter is that access to detailed (usually daily) records allows
climatic data to be summarised in a wide variety of ways that can be tailored to particular user’s
requirements. Thus Meteorological Services, and others who process climatic data are
therefore able to provide special analyses that correspond to any particular needs. This
complements the provision of regular reports that are intended to be of general interest.

Section 6.2 considers the Start of the Rains dialogue for a variety of definitions of the beginning
of the season. This is continued in Section 6.4 combined with the consideration of dry spells
that are introduced in Section 6.3. Then Section 6.5 introduces a simple water-balance
calculation. One use of this simple model is to provide a definition of the end of the season.
Extremes are considered in Section 6.6.

All the definitions of events described in Sections 6.3 to 6.6 are easy to produce, because they
correspond to options of the Climatic = Events dialogues. It is important that the dialogues do
not limit users. Section 6.7 describes further ways of responding to users needs, even if the
requirements do not correspond to the use of a single dialogue.

In this Chapter only the analysis of rainfall data is described. However the analyses are not
limited in this way. For example dry spells can equally become hot spells or windy spells. Also
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the dialogues do not ‘know’ that the data are daily. The limits are therefore more in the user’s
imagination.

This chapter is still concerned with the first stage in the two-step process. The processing
described here produces columns that are of length equal to the number of years of data. The
second stage is to process these events and that is described in Chapter 7.

6.2 The start of the season

Users should still follow the preliminary steps described in Section 5.2. This ensures that the
data columns are locked, and that unnecessary working columns are removed. Many of the
examples below use the file called samsmall.wor and usually start from the Manage = Data =
Clear (Remove) dialogue, or by typing remove x12-x60 in the ‘Commands and Output’ window.

Consider two definitions of the start of the rains. For the first, define the start to be:
e the first occasion with more than 20mm in 1 or 2 days after 1st April
This is equivalent to the first time after 1st April that the running 2-day total is more than 20mm.
This is an example of a type of definition. The user may vary any of the 3 criteria that are given
in italics. For illustration, change just one of them and consider an alternative definition, namely
e the first occasion with more than 20mm in 1 or 2 days after 1st May

The 11 years of data from Samaru, Nigeria are again used for illustration. The analysis is
straightforward from the daily data. The data for the first of the years, 1930, are given in

Fig. 6.2a. Here 17th April is seen to be the first occasion with more than 20 mm after 1st April,
while 12th May is the first occasion after 1st May.

Fig. 6.2a Data for 1930 from Samaru, with dates of the start of the rains marked
File = QOpen Worksheet = samsmall.wor
Manage = Data = Clear(Remove) and remove X12-X60
Climatic = Display Daily and display X1

Daily data for: %1930
Mon Jan Fehb Mar Apr Mayr Jun Jul Ang Sep Oct Novw Lec
D ay . —m e e e e e e e e e e e e e e e e e e e —————— e
1 -- -- - - -- -- - l.0 14.5 -- - -
E e e —— S e e —— 3.3 OEZ&.7 e —— S
3 e e —— S -- 1L —— 7.8 1.2 e —— S
4 s s S = s s .3 3.3 s s S =
5 -- -- - - -- 6.1 - 3.1 = -- - -
& e e —— S e a8 2.4 1lz.& 2.4 e —— S
7 e e —— S e e —— 2.3 Q.4 e —— S
g -- -- - -- 1loO.4 -- 3.1 37.6 4.3 -- - -
3 -- -- - - -- 2.4 - -- 1lo.4 -- - -
10 e e —— L.l e e —— 2.6 o] e —— S
11 == == == == 1.2 o5 1E.2 490 3.6 o3 —— S
Z -- -- -= -- 23.1' -- 5.6 489.85 5.8 -- - -
1z -- -- - o5 -- ll.4 10.3 1.5 -- -- - -
14 e e —— -- 332.0 e .0 E.E e e —— S
1kt e e —— S o.2 12.0 .8 &.& 175 e —— S
1la -- -- - - -- 5.1 1l4.5 103 -- -- - -
ll? -- -- -—- Z2.1 IlZ.E -- .3 333 0.5 -- - -
1z == == == == == -— E0.3 7.6 == == == ==

Part of the Climatic = Events = Start of the Rains dialogue is shown in Fig. 6.2b,
corresponding to the 2 definitions given above. This dialogue involves the use of a calendar to
pick the earliest starting date as is shown in Fig. 6.2c, or type the day numbers into Fig. 6.2b.
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Fig. 6.2b Start of the rains dialogue Fig. 6.2c Calendar

Climatic = Events = Start of the Rains

Define the start of the rainy season
B Pick a date X

b ethod

£ Simple {* First = Al The firgt mn:nnth_in l—_|
the worksheet js |+ 3NUan hd
Ayailable data Save day values into Earliest ztarting day anth - Dray of

ESE ﬂ |><12,><13 j 52122 Calendar the year
L 52 e Dravp of the month |1 _|:| 92 j

13
o - Hel C | k. |
[ Sawve quantities into  Threshold aslp | Leellel | =

for rain 0.85 :‘v

Totalled cver IE_illdays

[w Plot results

Criterion for the start bazsed on;
Amount exceeding:

v Walue |20 :ll

The results are in Fig. 6.2d and 6.2e in the worksheet, where the first year corresponds to the
data in Fig. 6.2a i.e. April 17" and May 12". By default the results are displayed as day
numbers, as in Fig. 6.2d but the Manage = Column Properties = Format dialogue may be used
to display dates.

Fig. 6.2d Results for the 11 years Fig. 6.2e ‘Day of year’ format
Stéypril St ay 12| w13 |
1 108 133 Skapril Stbday
2 118 131 1 |17 Apr 12 May
3 15 133 2|27 Apr 10 May
4 156 156 3 |24 Apr 12 May
5 116 174 4 |04 Jun 04 Jun
B 134 134 5 [254pr 03 kay
B |13 May 13 Map
7 113 123
¥ |22 Apr 02 kay
a 126 126
q 118 137 g [05May 05 kay
9 |27 Apr 16 M ay
10 LEL L 10 [13May 13 May
1 L1 L/ 1 27800 06 May

In completing the dialogue in Fig. 6.2b the option was ticked to graph the results and these are
shown in Fig. 6.2f. The first definition gives an earlier starting date in 7 of the 11 years.

03 January 2006 71



6 — Studying Climatic ‘Events’

Instat Climatic Guide

Fig. 6.2f Graph of start of the rains for April and May

07 Jun
28 Many
15 May
05 May |
28 Apr

18 Aprt

v — StApril

It is useful to be familiar with the translation of day numbers and dates. To see the
correspondence, use the Manage = Data = Regular Sequence, as shown in Fig. 6.2g to enter
a column containing the numbers 1 to 366. Then the Climatic = Display Daily dialogue
completed as shown in Fig. 6.2h gives the day numbers in the format shown in Fig. 6.2i. They

are also given in Appendix 1.

Fig. 6.2g Entry of values 1 to 366

Manage = Data = Regular Sequence

Entry of regular sequence

f* Sequence  Single value

Sequence definition

Fram 1
Ta 366
In ztepz of |1

Repeat values 1 times]

Fepeat sequence |1 times]

Help ‘

Reset | Cancel |

X]

Come | |[PEdien
Inta Refresh
’_‘ Previgw

Fill from

* Top

f_“ Fh:wl_ [Dvertype]

" Append

foy | ok |

Length |

Presiew

= = 000 - T LT P DO RO =

b

Fig. 6.2h Display of days in the year

Climatic = Display Daily
. Dusplay of daily data

Awailable data
214 [y [ Summaries

®10

11 Starli th
51 2(S il I~ Starting mon
5135t

Decimals Iﬁill

Comparison with Fig. 6.2a or 6-2d confirms the starts for 1930 on day 108 (17" April) and 133
(12" May) for the 2 definitions.

72

03 January 2006



Instat Climatic Guide

6 — Studying Climatic ‘Events’

Fig. 6.2i Day numbers (starting from January 1st) for the days of the year

Mon Jan Feh Mar Apr Mar Jurn Jul Ao Bep Oct Now Deac
P e e
ff 1 3E &l 9 1E2 1Lz 123 Eld 245 Z75 205 336 I
E z 23 BE 23 123 1E4 14 ElE a1 =78 307 337
3 ] 24 3¢5 94 14 1EE 18k Zle 247 277 a0s 338
4 4 25 G 98 1E5 1t& 1aea E17 £48 z7a 309 339
£ = e -2 S lig 1E7 127 zlg z49 z79 210 240
& & 27 13 a7 127 1E& las Ela EEO za0 311 341
7 7 o= &7 a8 1&2 1E3 139 EED EE1 z8l 3lz 34z
g =] 39 i3 93 125 1s0 1320 EE1 zkez Z8z 313 343
3 ] 40 53 100 130 1al 191 EEE EE3 z83 314 344
10 10 41 70 101 131 182 19z EE3 zE4 =1 31k 345
11 11 4F 71 10z 132 163 1493 EEd EEE z8k 3le 348
1E& 1 43 TE 103 133 la4 1594 EES a1 =13 317 347
£ b= &0 29 1E0 1E0 121 £l1 E4z 73 202 334 364
20 20 a0 1E1 151 182 Elz Ed3 74 Z04 335 365
31 21 21 152 El3 £d44 305 36ﬂ

In training workshops we introduce these analyses by looking at these 11 years of data ‘by
hand’. The Climatic = Display Daily dialogue is used to display the daily data from X1-X11, as
shown in Fig. 6.2a. Then it takes just a few minutes for the dates to be found for the alternative
definitions. After the ‘hand’ analysis we show the use of the Climatic = Events = Start of the

Rains dialogue.

Two different definitions of the start of the season are shown in Figs 6.2j and 6.2k.

Fig. 6.2) Definition involving evaporation

Define the start of the rainy season

tethod

™ Simple {# First Al

Auvailable data Save day values into E arliest starting day

#1811 j ‘x15,><15 ﬂ 92122 Calet

F1[w1930) ~ =15 ~

H2w1931) =16

#3w1932) =17 b

1933 _

4251 93] [ Save quantitizs into ;I'Dl?r;si:DId W

FB[p1935] b ]
Taotalled over (10 I

[v Plot results

Criterion for the start based on;
Amount exceeding:

C VA | Fadion [05 o
" Fraction of |

R?!?EE[@.‘.!?.’E daily value |3 &

[w Tatal rainfall

The first defines the start as:

Fig. 6.2k With a minimum no. of rain days

Define the start of the rainy season

Method

" Simple * First Al

Avalable data Save day values into Earliest starting day

e j 1718 j [2122  Calen
X1[w15930) ~ w17 o
X 2w15931) w18
#1932 =14 w
Hd[y1933) o
S4Bly1 524] [ Save quantities into ;I'D}:r;si:old 05
*Bly1935) b

Totalled aver |7 —
v Plot results

Criterion for the start bazed on:
Arnount exceeding:

[w Total rainfall & Yale |5 ::ll

¢~ Fraction of
evaporatioh

& l}at lzast ,4_j| daps

e the first occasion after 1st April that the 10-day total exceeds half the evaporation.

This type of definition has been used in the past, based on rainfall data that has already been
totalled before being compared to the evaporation. Now, with access to the daily data, the

running 10-day totals are used instead.

Daily evaporation data are needed for this definition. For simplicity here evaporation is taken to
be a fixed 5 mm per day. In practice the evaporation should be estimated (e.g. using

Penman/Monteith see Chapter 9).
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The next definition adds a further condition, that there must be a certain number of rainy days in
the period, as well as the required total. The start is defined as:

e the first occasion the 7-day total exceeds 25mm and includes at least 4 rainy days.
This definition is similar to one used by Raman (1974) in a study of the start of the rains in India.

The results for all six definitions are shown in Fig. 6.2I. In some years the dates are similar for
most definitions, i.e. a large rainfall starts the season for any of them.

Fig. 6.21 Results from the ‘Start’ definitions shown above

Manage = View Data = Format

i, Format current or selected columns E

Colurnnz to be formatted Required format

w2 w13 w1518 il Dray of pear

#12 | #13 || ®15 | ®16 | #17 | ®18 |

Stapril Sttay
1 [17apr [12May | 174pr 12 May 14 May 14 May
2 |27 aApr [ 10May | 2FApr 01 May 30 kay 30 May
3 [244pr [ 12May | 244pr 01 May 27 Apr 01 May
4 (04 Jun (04 Jun | T3 Map 19 8ay 19 kay 19 May
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One more type of definition adds the condition that there should not be a long dry spell in the
period immediately following the start. An example is as follows:

e the first occasion with more than 20mm in a 2 day period after 1st April and no dry spell
of 10 days or more within the following 30 days

This includes the idea of dry spells, so is covered in Section 6.4, after spell lengths have been
considered in general.

6.3 Spell lengths

This section uses the spelis dialogue, the third under Climatic = Events. It may be applied to
any variable, for example to examine hot spells in temperature data. Here dry spells in the
rainfall records are considered.

A preliminary task, when looking at dry spells, is to define a dry day. The obvious definition is
any day with zero rainfall. However, when comparing stations, one often finds that different
observers are not equally conscientious in the recording of small rainfalls, or in the extent to
which data are rounded. We usually use a value of just under 1mm and define a day to be dry if
its value is less than this threshold. The value of 0.85mm avoids rounding problems in both
mms and inches (it is between 0.03 and 0.04 inches). This threshold is used in all the examples
considered here. For some applications a higher threshold such as 2.45 mm or even 4.95 mm,
may be appropriate.

The 11 years of data from Samaru are again used to illustrate the methods. The simple use of
the Climatic = Events = Spells dialogue was introduced in Chapter 4 and is shown again in
Fig. 6.3a. Here the daily records for the 11 years are simply transformed into spell lengths.
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Fig. 6.3a Spells dialogue to transform rainfall data into spell lengths
Climatic = Events = Spells
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The results for 1931 are shown in Fig. 6.3b. Notice the assumption that the data follow from
one year to the next. Hence, 1st January 1931 is the 69th consecutive dry day because the last
rain occurred on 24th October 1930.

Fig. 6.3b Simple use of the Spells dialogue for 1931

Mon Jan Feh Mar LApr Mavy Jun Jul Loag Sep Oct Now Dec
Day. —————— ==~
1 53 100 128 153 3 S Z e 1 3 £3 7
E 70 10l 123 1e&0 4 S —— 1 z 4 20 =]
3 71 10z 130 151 E = = == == = 21 ]
4 E 103 131 16Z & 1 = 1 == 1 2E 10
5 73 104 13E 163 7 S 1 z e Z 33 11
& 74 10& 133 1c4 =] S E a e o] 24 1z
7 75 10& 134 158 == 1 3 4 == 4 35 13
g & 107 13E e 1 Z = e e E 1 14
] 77 108 136 e z S 1 e e & a7 15
10 =] 109 137 1 = 1 e = = 7 jci=] 16
z8 95 127 1EE e e 1 = e e £k 4 24
23 a7 156 1 1 S 1 e 1 EG 5 35
20 Qg 157 z = 1 e = Z z7 & je1
31 99 158 1 = == Z8 a7

Mazximuam (Owerall: 1&5)
95 127 158 165 | =& 5 s | 4 3 z8 E1 57

In training workshops we start by producing these results for the 11 years and examine the
longest dry spells in May, June and July by ‘hand’. From Fig. 6.3b we see the results are 8, 5
and 3 days for 1931.

In Fig. 6.3c the Spells dialogue is used to find these maximum spell lengths directly. In the
dialogue choose ‘Unconditional’ results and use the calendar to specify the periods that
correspond to the months of May, June and July.
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Fig. 6.3c Spells to find maximum spell lengths Fig. 6.3d Spell lengths for May,

Climatic = Events = Spells June and July
Spell Lengths #32 | wWa3 | =3 |
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The results are shown in Fig. 6.3d and the second row gives the same values, (8, 5 and 3
days), as the summary at the bottom of Fig. 6.3b.

The results indicate that long dry spells were sometimes found in May, but they were rare in
June and July. Inferences from these data must, of course, be treated with caution because the
record is so short.

6.4 Combining spells and the start of the rains

Sometimes it is useful to consider spell lengths for 'crop' periods, rather than fixed times in the
year. An example is in Fig. 6.4a. Here the starting date each year is taken from X12. These
are the dates produced in Section 6.2 using the criterion that the start is the

o first occasion after 1st April with more than 20mm in a 1 or 2 day period

This use of the SPEIl command has given the dry spell lengths for 4 successive 30 day periods
after sowing, i.e. the first period is days 1 to 30 of the crop, etc.
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Fig. 6.4a Spells relative to starting dates Fig. 6.4b Results
Climatic = Events = Spells
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If a 120-day crop is being considered, the results in Fig. 6.4b indicate that the difficult time is the
first 30 days after sowing. There are dry spells of 8 days or more in 6 of the 11 years. In the
subsequent 90 days, there is only 1 year (1932) that has a dry spell of longer than 7 days. A
long dry spell is needed for harvesting some crops and the data in the last column indicate that,
in this case, there is rarely such a spell.

The results in Fig. 6.4b provide a useful reminder of the general role of the dialogues described
in this chapter. The original daily data were in X1 to X11. The user specified three ‘events’ in
the dialogue in Fig. 6.3c and four ‘events’ in Fig. 6.4a. With the 11 years of data, each event
resulted in a column of length 11. These columns are now ready for further processing using
the methods described in Chapters 7 and 11.

The next example introduces the conditional option in the Spells dialogue. The purpose is to
estimate the risk of a long dry spell in the 30 days after sowing for any potential sowing date.
Each event therefore gives the length of the longest spell in the 30 days assuming day 0 was a
sowing date - and therefore had rain.

21 columns of data are produced, so some working columns may have to be removed first, to
give enough space in the worksheet.
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Fig. 6.4c Enter starting day numbers Fig. 6.4d Spells dialogue
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The first step is to enter a column containing the starting dates of the periods. This is shown in
Fig. 6.4c where day 92 is 1st April with successive starts at 3-day intervals. Then use the
Spells dialogue as shown in Fig. 6.4d.

The results are shown in Fig. 6.4e and give the maximum spell lengths for a series of
overlapping 30-day periods. The first is for April 1 to 30 and the remainder start after
successive 3-day intervals. The last 30-day period is 31st May to 29th June, in X41.

Fig. 6.4e Maximum spell lengths

21 | 22 X232 W24 | 25 | W2E | M36 | K37 | ®3B | x39 | 40| =4
1 9 9 12 13 13 13 4 4 4 4 E 7
2 12 12 12 12 9 ] ] 3 4 4 & ]
3 22 13 16 13 10 ] ] ] ] 5 3 3
4 17 17 15 14 14 14 4 4 4 4 4 4
] 4 11 8 B ] ] 3 3 3 3 3 3
B 2 23 20 17 14 11 7 i 7 E 3 3
7 1714 1 8 ] E E E B E & ]
] 2 24 24 23 20 77 7 E B E B E
9 18 18 128 10 13 ] ] ] 3 4 4
10 15 12 12 12 120 12 4 4 4 4 3 3
1 2 23 20 17 14 11 ] ] ] 5 & ]
12

In Fig. 6.4e the first columns correspond to sowing in early April, and show most years would
have had a dry spell of more than 10 days within the following 30 days. In contrast, by the final
columns the longest spell in any year is 7 days.

In Chapter 7 these data are processed further, to produce the graph shown in Fig. 6.4f. As an
example of the use of these results, suppose that in the next year, 30th April, i.e. day 121, is a
potential sowing date. This corresponds roughly to X31 above. From the spell-length data or
from the lower curve in Fig. 6.4f, the chance of a dry spell of more than 10 days within the next
30 days is seen to be only about 0.1 (i.e. 1 year in 11). About half the years are estimated to
have a dry spell of more than 7 days within the next 30 days. Knowledge of these risks may
help the user decide whether to sow and the planner to define a sowing strategy. These results
must be treated with extreme caution because they are still merely a summary of just 11 years
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of data. They also make assumptions about the independence of the data in successive
periods in the year. This latter problem is considered further in Chapter 13.
Fig. 6.4f Chance of dry spells
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Now return to the Start of the Rains dialogue that was considered in Section 6.2. Consider a

definition of the start that incorporates a dry spell condition. This definition is as follows:
The first occasion with more than 20mm in a 2 day period after 1st April and no dry

[}
spell of 10 days or more within the following 30 days
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Fig. 6.4g Start of the rains and dry spells Fig. 6.4h Starting dates
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The Climatic = Events = Start of the rains dialogue is shown in Fig. 6.4g. Tick the Dry Spell
check box to add this extra condition.

The results are in Fig. 6.4h. Compared to the results without the extra condition of dry spells,
shown in Fig. 6.2e, these may be considered as the successful starting dates. The values are
the same in all but 2 years indicating that the initial sowing was successful in 9 of the 11 years.
These results are considered further in Section 6.7.

6.5 Water balance

The next dialogue in the Climatic = Events sub-menu is for water Balance. This was
introduced in Chapter 4. Use the 11 years of Samaru data as the example and start, as usual,
by clearing unwanted data from the worksheet. Use Manage = Data = Clear(Remove), or type
: rem x12-x60 in the Commands and Output window.

In its simplest form, the Climatic = Events = Water balance dialogue is used similarly to those
for Spells and the start of the rains, namely as a transformation of the daily data. For example
the dialogue for the 11 years of data, completed as shown in Fig. 6.5a, results in the output
shown in Fig. 6.5b.

Usually we would use a column of data containing the daily evaporation. For simplicity here,
assume a single constant value of 5 mm per day. Choose 100mm as the soil capacity. The
results in Fig. 6.5b are the same as in Chapter 4, Fig. 4.3e. There, Fig. 4.3f also showed the
graph that is available from the dialogue.
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Fig. 6.5a Simple water balance
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In training workshops we usually produce the output for the 11 years in the form shown above.
Participants then study the results, particularly to identify the date, in each year, that the water
balance first falls to zero, which is 14™ October in Fig. 6.5b. This is a possible definition of the
end of the growing season.

We digress briefly to make a statistical point. Some studies need the ‘average water balance’.
This is easily found from the results above. In Fig. 6.5¢c the Manage = Manipulate = Row
Statistics dialogue is used on the water balances calculated in Fig. 6.5a to produce the
‘average water balance’.

The alternative, in some studies, is to average the rainfall instead, and then calculate the water
balance from the average rainfall data. This use of the Row Statistics dialogue for the rainfall
is in Fig. 6.5d. Then the water balance dialogue is used as in Fig. 6.5a, but with the one
column of average rainfall data.
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Fig. 6.5c Row statistics on water balance Fig. 6.5d Row statistics on the rainfall
Manage = Manipulate = Row Stats Manage = Manipulate = Row Stats
W RowStatisics = 4|l = Row Statistics
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The results from the 2 methods are compared graphically in Fig. 6.5e. They differ considerably
(and the difference would be even more marked at sites that do not have such a clearly defined
rainy season). To understand that they must be different, see for example, the beginning of the
season. There the average rainfall per day is less than the evaporation, so the resulting water
balance remains at zero until almost June. However, individual years do have more than 5 mm
of rain occasionally, so the average water balance is greater than zero from mid-April.

Fig. 6.5e Averages are not always as simple as they may seem
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In the pre-computer age, the averaging was done early in the analysis (i.e. the average rainfall
was calculated first), mainly for ease of computation. Now both methods are equally easy,
hence average at the end of the analysis, i.e. here average the water balance to give Mwater
in Fig. 6.5e not the rainfall. The result is then simple to interpret, it is just the average of the
water balances. lItis also easy to move to a study of the year-to-year variability by comparing
the water balance for individual years with its average. This is what is done now, to examine
the end of the season.

After this digression, consider the end of the growing season. A possible definition is the first
occasion, after a given date that the water balance drops below a certain level. For Samaru,
define the end to be

o the first day after 1st September that the water balance drops to zero

See from Fig. 6.5b that this date was 14th October in 1930. As a day number this is the 288th
day of the year.

The use of the Climatic = Events = Water balance dialogue to produce these results is shown
in Fig. 6.5f, with the results shown in Fig. 6.5g. This has again produced a column of length 11,
because 11 years of data have been processed.
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Fig. 6.5f Water balance for the end of the season Fig. 6.5g Results
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To conclude this section, one further feature of the Water balance dialogue is considered. With
the simple use of the command it is assumed that the evaporation proceeds at a constant rate,
irrespective of the amount of water left in the soil. An extension allows the drop in the water
balance to also depend on the current amount of water. As an example, take the first year of
data (for 1930), for which the simple water balance was tabulated in Fig. 6.5b. The relevant
part of the dialogue is shown in Fig. 6.5h.

Fig. 6.5h Decreased evaporation Fig. 6.5i Water balance for 1930 using alternative
in dry periods definitions
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With the reducing evaporation set to 0.6, as given in Fig. 6.5h, the evaporation is reduced
whenever the water balance is less than 60% of the soil water holding capacity, i.e. less than 60
mm in this case. So, whenever the water content is more than 60 mm, the evaporation is 5 mm
as before. Itis also 5 mm on rainy days with more than 5 mm of rain. If the water balance is 30
mm then the evaporation is reduced to 2.5 mm, and so on.
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The results comparing the water balance with and without the adjustment for evaporation are
plotted for 1930 in Fig. 6.5i. An inspection of figures such as these are to help decisions on
whether the adjustment is useful for the given application.

6.6 Extremes

There is often need to know the risk of extreme events, particularly those that are damaging,
such as heavy rainfall, high flood flows in rivers, high winds, or extreme temperatures, either hot
or cold.

This section concentrates on rainfall extremes, in particular it starts with the daily data and
shows how the extremes can be calculated. The way the extremes are then analysed is in later
chapters, particularly in Section 11.4.

Fig. 6.6a Display of daily data Fig. 6.6b Graph for 1950
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Start by File = Open From Library and select the worksheet Kurunega.wor. Next use Climatic
= Display Daily and select X1 to display the data for 1950 (Fig. 6.6b).

The graph in Fig. 6.6b shows the largest daily rainfall in this year was about 70mm and was on
about day 210 of the year. The numerical results in Fig. 6.6¢ confirm the value to be 71.6mm,
and in July.

Fig. 6.6¢ Daily data for 1950
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To find the maximum values in each year, use Climatic = Events = Extremes, Fig. 6.6d. This
saves the maximum value each year, together with the day number in the year when it
occurred. It also saves the year numbers. The results are columns x35 to x37 of the
worksheet, Fig. 6.6e. As usual these columns are of length equal to the number of years of
data, which is 34 in this case. They are therefore ready for the next stage in the analysis
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Fig. 6.6d Extremes dialogue Fig. 6.6e Results saved to the
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The dialogue also allows for three different graphs to be given. They are shown, after some
tidying, in Fig. 6.6f, 6.6g and 6.6h.

Fig. 6.6f Time series plot Fig. 6.6g Probability plot
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A time-series plot is given in Fig. 6.6f. The largest daily extreme was in 1971 and was about
250mm. Just over half the years had a value of more than 100mm. There does not seem to be
any obvious trend to the data.

Fig. 6.6g gives a probability plot. Here you can fix a percentage (on the y-axis) and read the
value from the x-axis. For example the 80% point is about 160mm. So the annual maximum
exceeded 160mm on one year in five, and this is called the five-year return period.

Or you can fix an amount (on the x-axis) and read the percentage of years. For example take
100m to see that the maximum daily value was less than 100mm in about 40% of the years.
The final graph indicates when in the year the maximums occurred. Fig. 6.6h shows that more
than half the extremes were between mid-September and the end of November. This is the
main rainy season, so that is perhaps hardly surprising. Perhaps it is more of a surprise that the
maximum daily value occurred so often outside this period.
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Fig. 6.6h Time of year plot

= =
=
A0 B
E - -
E - L
E_\ -
T
S 100t P T
=
=
E
i
= 0]/ —T— - I T &5z : o
s . — — 4
o = O 5 5 =2 3 o3 =2 & 0@
L=< =32 a3 un 9 zaQ0
S o o5 o2 55 ° 55

Sometimes problems result from a sequence of consecutive wet days, rather than an extreme
value on a single day. Fig. 6.6i specifies the extremes from running 7-day totals.

Fig. 6.6i 7-day extremes Fig. 6.6] 7-day maximums against the time of year
limatic Extremes =
Meazurement ;E~ 11 S R
* I aximum " Walues over threshold =
" Minimurn " Peaks over threshold %
Sac0fm T
Available data Save days into Start day %‘
: - i
[x134 RS A _ |z
#1{w1350] #| ¥ Save quantities into  End day E 2004 i i SRR B EEEEEEE -
#2w19581] =]
31 952) %33 ~ | _ | E T
HA(w1953) =
#B[y1 954) LE o Pt = 04 1 T T T T T T T
#E(w1955] v Plot quant % % = o %" % = g’ % o g 5
7711 356) Iv Curnulativa - w = L = = : =L <)) © =z O
P o - - = - T - 5 - Z = Z Z
o oo o 9 5 o o o =2 o o

f* summed
ovel |7 <dayz
" averaged

One of the resulting graphs is in Fig. 6.6j. The largest ever 7-day total was over 600mm. And
these maximum values were usually between the end of September and the end of November.
With the series of maximum values, considered so far, the analysis ignores other large events,
which in one year, may exceed the maximum value in another year.

The alternative is to break the ‘rule’, of looking for just a single value each year. Instead, fix a
limit and ask for all values that exceed the limit. Look first at single days and, ask for all the
values over 110mm, Fig. 6.6k.

The result is in Fig. 6.61. There were 30 occasions on which there was a single day with more
than 110mm, and half of these occasions were in the three years 1958, 1972 and 1977.
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Fig. 6.6kValues >110mm Fig. 6.6l There are 30 such events
] B T
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=
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One complication with this approach is that the same rain-bearing system may give multiple
events that qualify.

To avoid this problem use the option to give just the peaks over the threshold, see Fig. 6.6m.
This selects the largest within each group of consecutive days. Fig. 6.6m specifies a threshold
of 250mm in 7 consecutive days. A ‘group’ is defined to consist of all consecutive values with
more than 250mm that are separated by less than 5 days.

Fig. 6.6m Fig. 6.6n
Climatic Extremes
M easurement E 6[:][:] )
" M aximum ™ Walues ower threshold g
£ Minimum ¢ Peaks over threshold L
| _ T B
Ayalable data Save dayz into Start c I -
134 RIE = [ w 400
m T M o e e e e e e e e - L
#1[y1350) A |v Save quantities into  Endd B
521951 =
*3[y1952) 44 - -,
igg:‘lggi% v Save year into W Flc g 300 I i R
*E(y1955) 45 | ¥ P e '|'
57[y195E] :
48[1357) Z with label [v Cu _;Ijz T lE tljtu
< T o = =
L << = =y
(+ zummed -— —
Threshold value 250 over |7 - jany = pay
" averaged ’_‘ = o =

Only include values bebween and

Separate periods by at least IE_jdayS

The extremes are processed further in Section 11.4.

6.7 More Events

This section might also be called ‘responding to the users needs’ and is the parallel to Section
5.6. It consists of a series of five requests, or challenges that relate to the events considered in
the previous sections of this Chapter, but do not all correspond to just the use of one of the
Climatic = Events dialogues.

As examples, use either the 11 years of data in samsmall.wor, or the longer record of 56 years
in samaru56.wor. The illustrations here are with the short record.

6.7.1 Length of the season

The first request is to calculate the length of the growing season. This is straightforward. It
needs a suitable definition of the start of the season, perhaps using one from Section 6.3
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Fig. 6.7a shows the results using 20mm in a 2-day period after 1% April (X12 in Fig. 6.2g) and
also, from Section 6.5 where there was no long dry spell in the following 30 days (X42 in

Fig. 6.4h). The third column in Fig. 6.7a is from the definition of the end of the season, using
the simple water balance, in Section 6.6 (X27 in Fig. 6.59).

Fig. 6.7a Data to calculate the length of the season

File = Open = samsmall.wor
Recalculate the events as shown earlier

A2 =13 | =14 |

5t 1 St Dy End_1
1 108 133 288
2 118 118 288
3 115 115 295
4 156 156 294
5 116 116 291
5 134 134 288
7 113 113 292
8 126 126 295
3 118 137 290
10 134 134 07
11 118 118 291

To calculate the lengths use the Manage = Calculations dialogue, Fig. 6.7b. The columns of
the lengths of the seasons for the two starting definitions are shown in Fig. 6.7c. The lengths
differ between zero and 25 days for the two different start definitions.

Fig. 6.7b Calculate the length of the season Fig. 6.7c Seasons length
Manage = Calculations %15 | K16 |
o i@ 15
Save w| =14 -312 2 170 170
o Reszult i J I 3 180 180
4 134 138
5 175 175
o | s 15
S ave 7 179 179
e ke =] = fxie ki3 3 169 1E9
3 172 153
10 173 173
11 173 173

6.7.2 Therisk from planting

Use the two definitions of the start of the season in Fig. 6.7a. Assume that the sowing failed if
there was a 10-day dry spell, so this is the risk that is to be found. In this case X13 gives the
successful sowing date and hence the initial sowing failed each time X13 is different from X12.
So use the Manage = Calculations dialogue again, as shown in Fig. 6.7d. This adds column
X17, as shown in Fig. 6.7e. The sowing failed in 2 of the 11 years. Hence the risk is estimated
as 2/11 or 18%. In those two years the farmers had to wait either 19 or 25 days for a successful
sowing.
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Fig. 6.7d Calculate risk of planting too early  Fig. 6.7e Years >0 at risk

Manage = Calculations K17 |
o
i S | TR -
4 1]
5 1]
B 1]
7 1]
g 1]
4] 19
10 1]
11 1]

6.7.3 The rainfall amount at the start of the rains

The third challenge starts with the same definition of the start of the season that was considered
in Section 6.3, namely:

e the first occasion with more than 20mm in 1 or 2 days after 1st April

but it applies equally to any of the definitions that were used. Assume the user would like the
dates, as in Section 6.2, but would also like to know the actual total that triggered the start.
Thus they would like the results shown in Fig. 6.7g. These totals used to require a step-by-step
approach, but they are now an option from the Start of the Rains dialogue, Fig. 6.7f.

Fig. 6.7f Start of the Rains Fig. 6.7g Results

Climatic = Events = Start of the Rains

Define the start of the rainy season |

Method w10 %19
" Simple * First Al
Available data Save dayp values into Earliest ztarting day 12 12; ipr 432113
111 %18 92 Calendar pr :
AIMEEY 4 |><1 8 ! 3|24 Apr 38,61
-~
#2[y1931] 2 fas 4 |04Jun 21.08
ﬁg} g% ®20 . b |26 Apr A5 63
0511334] W Save quantities inta ;FDP:rfasirP:nld m E 13 May 24 53
%E[y1935) v |13 | N 7|22 Ap 3043
i:}g—‘“ Tatalled over |2__,|da_l,l$ a 05 May 73 7
C— 10|13 083
o ay )
Crit for the start based on:
e D[_ oo aseﬁrﬁgunt excesding: 11 | 27 Apr 26.67
[v Total rainfal & Value [0 j 12

The results are in Fig. 6.7g. This is an example of a challenge that was needed sufficiently that
it is now in a dialogue.

6.7.4  Total rainfall during the growing season

The fourth challenge is to calculate the total rainfall in the growing season. Fig. 6.7a gives the
first and last days we need to consider, so all that is needed is to calculate the total rainfall
between these dates.

This is another challenge that was required sufficiently that it is now an option within an Instat
dialogue. Use the Climatic = Summary dialogue, as shown in Fig. 6.7h, with the option in
Fig. 6.7i.
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Fig. 6.7h Sum rainfall amounts

Climatic = Summary

Summary of daily data

Workgheet
f* Same

Main | Options | Plot

Fig. 6.7i Total rainfall in season

Summary of daily data

Wworksheet
f* Same

Main | Optionz | Plaot

Awailable data Surnrnary Sumrmarise
ERE ﬂ (v Totals Starting day
PRIMEET] ~ | Means - -
w201 931] ~ Mirima e Ending day =14End_1] |
301932 . W22
34fy1933) (" Maxima %23 .
><5|'_|,|1 934] i~ Medians et I_ HESt[ICt data values
SE,1935) 25
%71 5936) @ | ¢ Couns %8
Factor Layout by: ™ Plat
| =l *
-
The results are in Figs 6.7j and 6.7k, and show the seasonal totals vary from 877mm to
1184mm.
Fig. 6.7] Results in the output window Fig. 6.7k Results in the worksheet
- . =12 =14 ]
Summary of daily data St 1 End 1
1 108 288 1037.4
5Tats ®K1-¥1l:;sum XE0;FROm X12:TO 14 2 118 200 1178.0
3 115 295 11735
Column Sum From Tio 4 155 294 11844
<20 At 1 End 1 5 116 291 10431
1930 1037 108 288 2 134 288 3565
i 7 13 292 1139.4
71331 117a 115 268 g 128 o 473
71932 1174 115 295 :
¥1933 1184 156 294 & 18 30 3345
y1934 1043 116 291 i 134 307 10861
1935 956.5 134 288 11 18 29 8771
w1936 1139 113 292 12
71937 947.9 126 295
w1935 939.8 118 290
71939 1056 134 307
71340 §77.1 115 291
% >
6.7.5 No dialogue satisfies the client’s request!

For the final challenge consider a user who asks for a definition of the start of the season that is
not in any dialogue. The request starts innocently with the definition of the start as:

the first occasion that the water balance exceeds 20mm after 1% April

This clearly involves the Climatic == Events => Water Balance dialogue, rather than the one
called Start of the Rains. This is in Fig. 6.7m and shows the dialogue allows for this option.
The results for a particular evaporation and water capacity are in Fig. 6.7n.

90
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Fig. 6.7m Water balance dialogue Fig. 6.7n Results
Climatic = Events = Water Balance
. Water balance el |
Available data Results: - = |
et =11 < © Simple  * First Capacity 100 I
ﬁl Evaporati e 1 |14 May
SR 920 " vaporation m— <
H2R193 |5 'l
xa{m 932} St veins a4 ” 2 |2V Bpr
?g[FHSSS] LT} e, ﬁg - 3 |24 Apr
WE :I [~ Separate years AT -
[ Graph results 4 23 Ma-lrl
[ Conditional 5 25 .":".I:If
™ Ruroff 5 07 Jun
Criterian for startdend 7 22 -":"-I:'r
E arliest possible day |92— Calendar | a3 10 MEI_'.-'
Water balance <= arx= & |2D 9 27 .":".I:l[
10 (15 May
Presview |IWATerX1 -H1LEVAp BCAP 10004Ys H44F IRt 32GRE ater 20 =1 11 27 .I':'l.p[

Help I Reset | Qancell ok I

The client then modifies the definition and asks for one that corresponds to a successful start as
follows:

« the first occasion that the water balance exceeds 20mm after 1% April and does not drop
to zero in the following 30 days.

This typifies a challenge where there is no dialogue. There is also currently no macro written,
and writing a macro would not be a trivial task. So what is to be done?

If you enjoy computing, perhaps you could write a macro. If not does someone in your
organisation have more experience of the software?

But this takes time and meanwhile your client is waiting.

In such a situation, a simple method can often be used to start with. Even if an ‘automatic’
method is produced later these results will be useful to check the method.

A solution is in Fig. 6.70. Use the water balance dialogue and produce just the simple results.

Fig. 6.70 Simple water balance
Climatic => Events => Water Balance

Water balance E3 |
Available data — Results: 5 -
—_— | Capacity [100=—mm
- + Simple| " Fist ‘ I_

E hion licta
=1[p1930) - o] ] e p
=e1931) IE - I — _|
Falp1932) . ﬂ
% a(y1933) r EEE'UC'”Q -n
BN O340 vaparation e

The data for 1931 are shown in Fig. 6.7p. There were 2 unsuccessful plantings on 27" April
and 10™ May, with the successful planting on 28" May. It is a quick procedure to examine the
data each year and then enter the resulting values.

Many users find this ‘hand analysis’ to be useful and this examination of the data can be done
jointly with the client. They will learn a lot in this way, and may modify their definition to
something even more appropriate for their work as a result!
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Fig. 6.7p Water balance table for 1931

Mo Jan Feh Mar Apr Mavr Jurn Jul FART: Bep Oct MNow Lec
Dy . —m T e e e e
1 -- - - -- Z0 GE 20 ++ S L - -
z == = = == 1& Ea 20 Sk a1 £l = =
2 == = = == 10 Ee =1 21 29 £l = =
4 -- - - -- & £l 95 =1 ++ L1 - -
£ -- - - -- -- Ea 20 =) 8 ++ 41 - -
& == = = == == Ea =13 TE ++ 13 = =
7 == = = == 0 EE 21 71 ++ 21 = =
=] -- - - -- -- Eo 20 23 ++ 3 - -
2 -- -= -= -— -- &l 7E =) 8 ++ zl - -
u] == — — == 32' 1 ++ 22 ++ l& = e
11 == = = == 27 El =1 21 9k 11 = =
1E& -- - - -- EE EE 20 23 a0 & - -
12 -- - - -- 12 &0 =1 =L 2k 1 - -
14 == = = == 13 EE 2 73 ++ == = =
18 =i CE CE i 2 7e 7 93 99 e CE CE
1& -- - - -- 24 71 =1 g2 ++ - - -
17 -- -- -- -- 13 67 1 83 ag -- -- --
13 == = = == 14 EE ++ =l ++ == = =
13 =i CE CE i E E7 ++ 21 ++ e CE CE
0 -- - - -- 4 79 9E =1 ++ - - -
21 -- -- -- -- -- 74 sz g1 ag -- -- --
EE == = = =] 3 3= ++ 23 91 == = =
E3 =i CE CE b =i & S5 ++ 26 e CE CE
24 -- - - -- -- £a 21 =1 83 - - -
ZE -- -- -- -- -- 54 gc S0 78 -- -- --
43 == — — o == 25 23 ++ 73 == = =
F7 - - - —35] -- ++ 83 95 £8 == == ==
28 -- -- -- 35 a5 85 94 71 -- -- --
] -- -- 30 zz ++ g0 ++ 13 -- -- --
20 == = EE E7 =1 24 23 &l == = =
31 =i CE EE ++ ++ e CE

This final challenge was the only one where there is currently no neat solution. The fact that
there still was a solution, even though it involves a little ‘hand analysis’, should give users the
confidence that they can use the software to respond to the real needs of the client, rather than
limiting the client to just the analyses that correspond to the current dialogues.

6.8 Conclusions

Chapters 5 and 6 have shown how easily a flexible analysis of rainfall ‘events’ can be
conducted when daily records are available.

Instat provides general tools, so the user can choose the precise definition. For example, an
agronomist may have different definitions of the start of the season for alternative crops or sail
types. It is relatively easy to provide the results in a ‘tailor made’ report for chosen definitions,
and to assess in addition, to which aspects of the definitions the results are sensitive.

In general the ‘events’ may be monthly totals (Chapter 5), a date of the start of the rains
(Sections 6.2 and 6.4), maximum spell lengths (Sections 6.3 and 6.4) and so on. For each
event, a year of data provides one number. These chapters, have concentrated on the first
stage of the analysis. In most of the examples the dialogues produced columns of length 11,
because there were just 11 years of data.

These columns of ‘events’ may then be processed by the dialogues in Instat’s Statistics menu
or using the Climatic = Examine and Climatic = Process dialogues. This is described in the
next chapter.
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Chapter 7 — Processing the Events

7.1 Introduction

In Chapters 5 and 6 we showed how the daily data can be summarised to give 'events' of
interest. This chapter covers the second step, which is to process the events.

The examples in Figs 7.1a to 7.1c have already been through the first step.

Sammonth.wor is in Fig. 7.1a. It contains the monthly totals in x1-x12 for the data from
Samaru in Nigeria from 1928 to 1983. The annual totals are in x13. They were generated from
the daily file samaru56.wor using the methods described in Chapter 5.

Fig. 7.1a Monthly totals from Samaru in sammonth.wor
File = Open From Library = sammonth.wor

nt Worksheet - SAMMOMTH WOR i

| Ennstantsl Stringsl Lal:uelsl Title: ISamaru monthly totals for 1928-1983
LR EEER G ES
Jan Feb b ar Apr bd ay Mo Dec Tatal

0.5 0.0 526 561 1821 0.0 0.0 12623
0.0 0.0 12.7 15 2108 0.0 0.0 12842
0.0 0.0 0.0 338  1158E 0.0 0.0 10447
0.0 0.0 0.0 B30 1489 1.5 0.0 11978
0.0 10.7 0.0 E48  Z22EE 0.0 0.0 11982
0.3 0.0 0.0 245 99.3 30 0.0 13116
0.0 0.0 0.0 734 1803 0.0 0.0 10767
0.0 0.0 8.9 94 10B.7 0.0 0.0 9964

OO0 | = |0 | LN = | LD O | —

Kurun7.wor is in Fig. 7.1b. It contains the weekly totals in x1-x52 for the 34 years from 1950 to
1983 from Kurunegala in Sri Lanka. This has a bimodal rainfall pattern. The summaries were
generated from the daily file kurunega.wor using the methods in Chapter 5.

Fig. 7.1b Weekly totals from Kurunegala, Sri Lanka
File = Open From Library = kurun7._wor

g5 Current Worksheet - KURUNY WOR |

Calurins | Camaamts I Strings I L abels I Title: I? day rainfall tatals Kumnegala 1350-83
=1 e = = bATH =B wee | owh0e | =B1E | =BEF

1 158.2 0.3 05 0.5 0.0 oo 1400 396 20 2.8

2 v29 8904 1204 366 0o B2a 0. Q.0 a4 437

3 .8 1270 05 2.8 0.5 36 nof 434 Q.0 0.3

4 0o 1885 1867 142 05 1ah 0. a6 20 325k

5 1227 109.0 376 0.5 94 BB4 Lol ke 328 335

B B1.5 907 528 B4E 467 300 7.4 03 Q.0 B.6

fi 11.9 198 1148 180 282 &51.0 0. 03 285 12658

g a7 297 114 B44 3/3I  TF42 200 20 1321 4105

9 23 104 480 1.3 221.0 38/ 155 03 450 472

10 396 oo 434 86 366 03 N3l 248 2.8 36
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Samrain.wor is in Fig. 7.1c. It was generated from samaru56.wor using the methods described
in Chapter 6. The contents are:

Column Name Contents

X1 Year Year number from 1928 to 1983

X2 Stri1 First date after 1 April with >20mm in a 2 day period

X3 Strt2 As X2 with no 10 day dry spell in next 30 days

X4 Strt3 First date after 1 May with >20mm in a 2 day period

X5 Strt4 As X4 with no 10 day dry spell in next 30 days

X6 DryMay Longest dry spell in May (dry = < 0.85mm)

X7 DryJun Longest dry spell in June

X8 DryJul Longest dry spell in July

X9 End First date after 1 September with empty water balance.
Capacity is 100mm and evaporation is 5mm per day

Fig. 7.1c samrain.wor

&k Current Worksheet - SAMBAIN WOR
= | Eonstantsl Stringsl Lal:uelsl Title: |Fainfall Events, Samaru 1928-53
SRS
'ear Strtl Stit2 Sktd  Stkd Dy Dl Dl End
1 1923 115 115 127 127 E E E 300
2 1929 126 126 1260 126 28 4 ] 3m
3 1330 e 133 133 133 13 7 ] 288
4 1931 118 118 13 13 8 ] 3 288
] 1932 115 115 133 133 8 3 13 295
E 1933 186 18R 166 156 14 4 E 234
7 1934 116 11E 124 124 8 3 3 291
8 1935 134 134 134 134 3 3 4 288

Section 7.2 uses dialogues from the Statistics = Summary menu in Instat, shown in Fig. 7.1d.
Later chapters, for example Chapter 11, use other options, particularly from the Statistics =
Simple Models menu.

Fig. 7.1d Statistics menu Fig. 7.1e Climatic menu
Climatic  ‘Window  Help Em Window  Help
Summary Describe. .. Manage 4
Tahles Column Staistics. .. | Display Daily. ..
GEroup... Surnrnary. ..
Simple Models » F ¥
. . . . Events 4
analysis of Yariance » Diversity, .,
Regression 4 Circular Stakiskics, ., Examine...
Mon-Parametric L
. . Evaporation 4
Time Series L4
. Crop 4
Suryival »
Heat Surm...
Probability Distributions. ..
¥ Markow Modeling  »

Using Instat’s statistics menu in Section 7.2 emphasises that this chapter describes general
statistical summaries that can be done with any statistics package. Hence users who prefer a
different statistics package, or who require methods of analysis that exceeds Instat’s
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capabilities, can instead use Instat for just the initial summary stage described in Chapters 5
and 6 and then export the summary columns. Instat’s File = Import/Export menu includes
options to export as ASCII files or in a variety of other formats including Excel. The data in

Fig. 7.1a to 7-1c are also available as Excel files.

Instat’s Climatic menu, shown in Fig. 7.1e, includes two dialogues used in Sections 7.3 and 7.4.
Good statistical practice requires users to continually explore their data in a critical way, and the
Climatic = Examine dialogue, described in Section 7.3, provides options to make exploration of
the 'events' into an easy procedure.

A common requirement is to process the summary data to give return periods (percentage
points) or risks (probabilities). These are available using the statistics dialogues, as shown in
Section 7.2, but the Climatic = Process dialogue makes their calculation into a one-step
process. The simpler options of this dialogue are covered in Section 7.4, while options that
involve the gamma distribution and 'smoothing’ are in Chapters 11 and 12.

7.2 Summarising events
Fig. 7.2a shows the Statistics = Summary = Describe dialogue to process the annual totals
from the sammonth.wor worksheet. The results are in Fig. 7.2b.

Fig. 7.2a Describe dialogue Fig. 7.2b Annual totals

File = Open = sammonth_wor
Statistics = Summary = Describe

Descriptive Statistics Descriptive Statistics -
Available data Standard statistics DES ¥13:FER 20 50 &80
|;><1 3 ﬂ Count
5[May) o Minimurn
#BJun] b airmLinn Column Total
i) R
=alAug) ange No. of obserwvations L1
#3[Sep] tean Minimam E05.2
i] ?Eﬂ Eﬂ] Standard deviatior Hax imam 1451.8
219D Range 873.6
m ¥ [ additional statistics Hean = 1068.1
Std. deviation 178.51
20th percentile 917.34
W Percentiles |2D 5080 j L0th percentile 1057.2
. S0th percentile 1210, 2
[ Proportions . 3
[ Counts £ >

In addition to the standard summaries, the option has been set to give the 20% 50% and 80%
points of the data. The median, or 50% point, is seen to be 1057mm.

The 80% point is 1210mm. One expects more than this total in just 20% of the years, i.e. on 1
year in 5. This is therefore sometimes called the 5-year return period. Similarly the 20% point
is 915mm. One expects more than this total on 4 years in 5. Of course one expects less than
915mm on 1 year in 5, so it can also be thought of as a 5-year return period for small rainfall
totals!

The converse is to fix on particular amounts and find the percentage of years that were less
than them. The dialogue is in Fig. 7.2c. It also provides a graph.
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Fig. 7.2c Calculating proportions

Descriptive Statistics

Awailable data Standard statiztics
Count

Minimum

b EirnLann

Range

Mean

Standard deviation

*9[Sep] ¥ T Additional statistics

I Percentiles Units | mm -
W Fropottions | <= = |[B00'300 100011 Precision  [1 =
v Counts v FResults as percents f+ decimals © sig. figs.

v Graphics | | StemandLeaf | Boxplot W Cumulative frequency

Help Reget Cancel ‘ 0] 8

The results are in Fig. 7.2d. They show, for example, that 5% of the values were less than
800mm, and this was 3 out of the 56 values.

Fig. 7.2d Results Fig. 7.2e Cumulative frequency plot
Column Total 1001 4 HH
No. of obserwvations Le j
Minimum 605.2 mm 801
HMaximum 1451.8 mm
Range G73.6 mm = f0
Hean 10658.1 mm E
Atd. deviation 178.5 mm E
Count <= 500 mm i 40
Count <= 900 nm =]
Count «= 1000 nm 24 20
Count <= 1100 nm 33 ,
Count <= 1200 um as —rr
% of data <= 500 mm o——" : : :
% DE gﬂtﬂ == iggnm ig; 600 800 1000 1200 1400
% o ata <= I .
% of data <= 1100 uwm La.o Total IITTITTIII
% of data <= 1200 mm an. 4

The graph in Fig. 7.2e can be read in either direction. Either fix on a percentage, say 80% (on
the y-axis) and find that the corresponding value, which is just over 1200mm. Or fix on a value,
say 800mm (on the x-axis), and find the percentage is about 5%.

The Describe dialogue (Fig. 7.2b) can be used on multiple columns and is useful to give quick
summaries. The results are displayed in the output window.

The Statistics = Summary = Column Statistics provides similar summaries, but the user
chooses exactly which summary statistics to give. Fig. 7.2f shows this dialogue for the 20%,
50% and 80% points of the monthly data in X1-X12 of the sammonth worksheet.

The results are again in the output window, but they can also be stored in further columns in the
worksheet, as shown in Fig. 7.2g.

Fig. 7.2f Column Statistics dialogue Fig. 7.2g Percentage points

Stats = Summary = Column Stats
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Column, Statistics

Save | Options
Awailable data Statistics required
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(GET -~ [~ Sum [ Maximum
an| 1
[ Mean [ Median
[~ 5t dev. [~ Mizzing
v Percentiles 2050 80
™ Proportions
=
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Help Rezet Cancel | (]

Ennstantsl Stringsl Lal:uelsl
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=
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To graph the percentage points for the different months, in Fig. 7.2g, add a column giving the
values 1 to 12. This can be typed into the worksheet, or use the Manage = Data = Regular

Sequence dialogue, as shown in Fig. 7.2h.

Fig. 7.2h Enter month numbers
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Fig. 7.2i Plot dialogue
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Then use the Graphics = Plot dialogue, Fig. 7.2i, with the lines option, to give the graph in

Fig. 7.2].
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Fig. 7.2] Percentage points for monthly data
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The samrain.wor worksheet, see Fig. 7.1c, is used for a second example of this type of
summary. Here the 3 columns of data that give the longest dry spells each year in May, June
and July are processed.

To assess the risk (or probability) of a long dry spell in each month, define 'long' alternatively as
more than 5, 7 or 10 days. Use the Statistics = Summary = Column Statistics dialogue. The
results are in Fig. 7.2k.

Fig. 7.2k Risk of a long dry spell
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The longest dry spell in May in most years is shown to be more than 5 days, but about 60% of
years have the longest dry spell in May of 10 days or less. In contrast more than 60% of the
years have no dry spell as long as 5 days in June or in July.

In Chapter 6, Fig. 6-4f showed the conditional risk of a 7 or 10-day dry spell in 30 days, for a
range of dates from the beginning of April until mid June, for the 11 years of data from Samaru.
The steps are outlined below, to produce the graph, in Fig. 7.2I, of the risk of a dry spell of 7 or
10 days or more from samaru56.wor.
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Fig. 7.2l Chance of dry spells
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The steps are as follows:
1)  With the samaru56.wor data, first clear extra columns, then enter a column of the
initial day numbers, from 92, 95, to 152 into X57, using Manage = Data = Regular

Sequence, as shown in Section 6.5.
2) Use the Climatic = Events = Spells dialogue to give the 21 columns of
conditional spell lengths in X58-X78.

Use the Statistics = Data Summary = Column Statistics dialogue roughly as in

3)
Fig. 7.2k to give 2 columns of spell lengths of 7 and 10 days into X79 and X80.

4) Finally use the Graphics = Plot dialogue to give the graph in Fig. 7.2l.

From Fig. 7.2I, the chance of a dry spell of more than 10 days in the 30 days starting with a
rainy day at the end of April (day 121) is just over 20%, i.e. 1 year in 5, while the chance of a
seven-day spell is about 50%, i.e. in half of the years. By a month later, the chance of a 7-day

dry spell is reduced to about 1 year in 20.

7.3 Exploring the events data
Chapter 4 looked at the daily data, both in tables and graphs. Data exploration is important at
any stage and this section considers different ways of looking at the 'events'.

The example uses the monthly totals from the sammonth.wor worksheet.
Use the Climatic = Examine dialogue, shown in Fig. 7.3a.
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Fig. 7.3a Examine dialogue Fig. 7.3b Monthly totals for May
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The first option is a time-series plot. Begin by plotting a single column, using the data for May.
The dialogue is completed as shown in Fig. 7.3a. The plot is shown in Fig. 7.3b, where the

solid line indicates the mean for May over the 56 years and the fainter lines are at one and two
standard deviations.

In the graph, a column called ‘Year’ was generated for the x-axis. If a column with this name,
and the correct length already exists, it will be used instead. Hence to clarify the graph use the
Manage = Data = Regular sequence dialogue, as shown in Fig. 7.3c, to add a column that
gives the actual years for these data. Now the Climatic = Examine dialogue is used again, as

shown in Fig. 7.3a, and gives the graph shown in Fig. 7.3d, i.e. with a more appropriately
labelled x axis.

Fig. 7.3c Enter years 1928 to 1983 Fig. 7.3d Graph after replot
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Fig. 7.3d includes one further feature. The box was checked to keep the working columns, see
Fig. 7.3a. The appropriate vertical reference lines were added. If, as here, the reference lines
coincide with the tick marks, then this can be done once the plot is displayed. Otherwise use

the Graphics = Plot dialogue, or type: replot ;vref 1930 1940 1950 1960 1970 1980 as a
command.
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The graph for a single month, given above, could equally have been generated from the
Climatic = Summary dialogue, as described in Chapter 5. This dialogue also generates
multiple graphs. When generating many graphs it is useful to develop a strategy for managing
the graphics windows. Fig. 7.3e shows the options.

Fig. 7.3e Options for the graphics windows
Window = Graphs
Wwindow Help
LCazcade

Mirimize All Graphs l!

Besztore All Graphs
Rezet Size

Pressing <F3> or using Window = Tile, tiles the graphic windows. Use File = Remove all
graphs to remove all the old graphs, before starting a new stage.

The default is for successive graphs to cascade down the screen. Then the final ones can
disappear! They can all be seen, for example, by using <F3=> to tile, but alternatively use
Window = Auto Cascade Graphs to switch off this feature.

Fig. 7.3f Tiled graphs of monthly rainfall for 1928-1983
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Remove all the graphics windows, then use the Climatic = Examine dialogue again, but for all
12 columns, X1 to X12. Choose the option to plot in sets of 3 columns to give the 4 graphs that
can then be tiled as shown in Fig. 7.3f.

Data exploration is designed partly to assist in searching the data for oddities. In the graphs
above there is one obvious possible oddity in the March data in 1954. The total in this year was
79mm, which is far higher than in any other year. The statistical literature includes many
methods to assess whether a given value might be an outlier, but none are as useful as having
access to the raw data. So look back at the daily records in samaru56.wor and use the Climatic
= Display Daily dialogue.

Fig. 7.3g shows that most of this total of 79 mm was a rainfall of 74 mm on 17" March. This is
in the dry season and was the highest single-day value in the year. This must have been a
momentous event for that time of the year. The same year had 8.4mm on the same day in
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February, and this should prompt an examination of the paper record as well as the record from

neighbouring stations.

Fig. 7.3g Daily data for 1954
Climatic = Display Daily (with samaru56.wor for X27)
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Now return to the monthly data and use the second option from the Climatic = Examine

dialogue. This gives summary values for the set of events, in this case, for the monthly totals.
The dialogue is completed as shown in Fig. 7.3h. Ask for a line graph, include the quartiles and
also rename the x-axis as Month, rather than the default of 'Period'. The results are in Fig. 7.3i

and a table of the results is also given in the output window.
Fig. 7.3h Examine the monthly totals Fig. 7.3i Plot of monthly totals
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The third option in the Climatic = Examine dialogue gives exploratory plots, and boxplots are

particularly useful. Fig. 7.3j shows the plots for the 12 months and is similar in shape to
Fig. 7.3i. These plots indicate that the distribution of the totals in each of these months is
roughly symmetrically, but June, July and August have one surprisingly high value. For
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example, in August, a closer examination of the data shows the lowest total is about 100 mm,
and the median is 271 mm. There are 3 years with high totals of between 400 and 420 mm and
above this there is 1943, with 540 mm.

Fig. 7.3j Boxplots for Samaru monthly data
Climatic = Examine
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Sometimes the monthly total may be zero. When processing the events, the presence of zeros
is often an important feature of the data and hence there is a special option in the Climatic =
Examine dialogue as shown in Fig. 7.3k. With the default settings this option gives the tabular
output shown in Fig. 7.3l and the graph shown in Fig. 7.3m.

Fig. 7.3k Dialogue for zero rainfall Fig. 7.3l Tabular output
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The graph and table show there was rain sometimes in every month, but each of the months of
November to February was totally dry in more than 80% of the years.
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Fig. 7.3m Graph of % of zero monthly totals
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A challenge is to find in how many 'seasons' the 4-month period from November to February
was totally dry. The slight 'catch’ in the analysis is that the relevant January and February are
in the year following the November and December data. Hence the data have to be 'shifted’
before the seasonal totals are calculated. The result is that 38, i.e. 68% of the 55 years were
dry for this 4-month period.

The fifth option in the Climatic = Examine dialogue is for missing values, not illustrated here.
The final option, is to give a probability plot of the data. Try the normal model where the graph
should be roughly a straight line if the data are normally distributed. Fig. 7.3n and 7.30 show
the dialogue and graph for March, where a Normal model would be foolish, because many of
the years are zero. The graphs for the 4 months from June to September are in Fig. 7.3p. They
show a normal model is reasonable, though the largest observations, that were evident when
constructing the boxplots, are still a 'feature’.

Fig. 7.3n A Normal model Fig. 7.30 Normal model for March
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Fig. 7.3p Normal plots for June - September
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Now consider the samrain worksheet and examine the columns on the start of the rains. Here

some results are shown, but without pictures of the dialogue.

Fig. 7.3q shows an example of a time series plot of the data on the start of the season. Plotting
2 definitions together is convenient to compare them. For example, Fig. 7.3q shows the added
dry-spell condition gives a later starting date in about 10 of the years.
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Fig. 7.3qg Start of the rains in April — 2 definitions
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The second option in the dialogue is to produce summary values. In this case the graph is not
particularly informative, but the "Table only' option is useful, and can be used on all the columns
together. This gives similar information to the boxplots, shown in Fig. 7.3r. These plots indicate
the difference in spread of the starting dates, for the two sets of definitions. They also indicate
how exceptionally late the final year of 1983 was, when the starting date was day 176, (24"
June), for all definitions.

Fig. 7.3r Boxplots of Start of the rains Fig. 7.3s Cumulative dry spells in June
in April and May Climatic = Examine
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The boxplots also indicate the distribution is slightly skew, at least for the later definitions. This
is confirmed by the probability plots (not shown). They indicate a normal model would be
reasonable for the first definition, but slightly suspect for the others.

The final example is the dry spell lengths, again from the 56 years in Samaru. Fig. 7.3s shows
the cumulative distribution, for the maximum spell lengths in June, and with the data plotted on
the x-axis. The median is 5 days and less than 1 year in 5 had a dry spell length of 7 days or
more.
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Everything that has been described in this section can also be done using the dialogues in the
Statistics and Graphics menus. The advantage of the Examine dialogue is that it is a one-step
process. Hence we hope users will explore and not simply summarise their data.

7.4 Automating the process of calculating risks and return periods

The Climatic = Process dialogue is first illustrated for the same examples considered in Section
7.2.

The first example gives the 20%, 50% and 80% of the rainfall totals, but this time with the
weekly totals from Kurunega in Sri Lanka. Use the file called kurun7.wor that has these totals
in x1-x52, as shown in Fig. 7.1b.

The Climatic = Process dialogue is shown in Fig. 7.4a, together with the resulting graph.

Fig. 7.4a Calculate percentage points
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The steps described in Section 7.2, are all handled automatically, from this dialogue. Itis
designed to produce tables and/or graphs of either percentage points (return periods) as above,
or probabilities (risks).

There is less need for this special dialogue for the second example, on the chance of a long dry
spells in May, June and July from the worksheet samrain.wor. As in Section 7.2 define 'long’
as greater than 5, 7 or 10 days. The dialogue and results are in Fig. 7.4b.

Fig. 7.4b Risk of along dry spell
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The final example is that of the conditional spell lengths. Section 7.2 described the four stages
to produce the plot shown in Fig. 7.2i. The Process dialogue still needs the first stage of
producing the 'events', as described in Chapter 6, Section 6.4. Then the Climatic = Process
dialogue is used as shown in Fig. 7.4c to produce the plot directly.

Fig. 7.4c The conditional risk of dry spells
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The Climatic = Process dialogue is designed to simplify the process of analysing the 'events’
that have been generated using the methods described in Chapters 5 and 6. Often the need is
to estimate percentage points (return periods) or probabilities (risks) and the dialogue provides
a structure for the alternative analyses that are possible.

Consider first the structure of the data within each column, i.e. for each event. They might be
spell lengths, or rainfall totals, or dates for the start and end of the season.

Section 7.2 and all the examples in this section so far have used a distribution-free approach to
the analyses. This approach is applicable for all types of data. An alternative would be to
assume that the data for a given event follow a normal distribution. For example annual rainfall
totals and even monthly rainfall totals from the middle of the rainy season seem to be
approximately normally distributed. The use of the normal model is described in Chapter 11,
Section 11.2.

Chapter 11, Section 11.3, introduces the gamma distributiong, which is often a suitable model
for rainfall totals if shorter periods than a month are considered. However both the gamma and
normal distributions are models for continuous data and not for situations where the whole
period may be dry, i.e. when there are zeros in the data. When the total may be zero, one
possibility is to use the distribution-free approach. The alternative is to separate the problem
into 2 parts, which we have called the binomial/gamma model. The first part of the model
considers the chance of rain (binomial). Then the second part examines the distribution of the
rainfall amounts in those years in which there was rain.

Fig. 7.4d shows the types of model that can be fitted for the different events that have been
generated in Chapters 5 and 6. If the type of data is discrete then the dialogue only allows a
distribution-free approach. Spell lengths, of the sort found in Chapter 6, Sections 6.4 and 6.5
are an example of discrete data. In contrast rainfall totals are continuous, i.e. they can take
any value. Then a normal, a gamma model, or the distribution-free approach is possible.

We have termed mixed, the type of data that is sometimes continuous and sometimes zero. In
this case either use the binomial/gamma model or, as usual, adopt the distribution-free
approach.
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Fig. 7.4d Process dialogue: 3 types of model and data
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In some cases the type of the data is not so clear-cut. For example the normal model may
sometimes be used for events such as the start of the rains. It is often of little concern whether
these data are taken as discrete (whole dates) or continuous (large rainfalls can be at any time
of the day). But when a proportion of the years has the same value, usually the earliest
possible date, then this model is not appropriate.

The options in this dialogue are models we have found to be useful, but they are not the only
possibilities. For example Chapter 11 considers a different model for extreme values and a
wide range of distributions are available to model both discrete and continuous data. For
example the geometric, or negative binomial distributions are popular in ecology to model
discrete data.
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As well as considering the structure of data within each column, or event, it is also useful to
consider the relationship between successive columns, if they are to be analysed together. In
Climatic = Process, this is called this the Column structure. The column structure dictates the
way graphs may be drawn.

The simplest is for the events to be Separate, like alternative definitions of the start of the rains.
In this case any graphs will just be point plots. Sometimes the events have a natural ordering,
like definitions of the start that are progressively more demanding. Then graphs have both
points and lines (Fig. 7.3b).

With the yearly rainfall totals for different months in Fig. 7.3f the data are also (roughly) equally
spaced, at monthly intervals. Then the line graphs permit the analysis to include an element of
smoothing, see Fig. 7.4e. Smoothing is discussed further in Chapter 12, Section 12.2.

Fig. 7.4e Process dialogue for smoothing
~ Column structure Mame far data I:I:IlLJI'I'II"ISIF'E[iDdg

" Separate Type of data——
" Ordered " Dizcrete

& Equally zpaced + Continuous

& Circular " Mimed

— Smooth [mo¥ing average]
" Mo % Results

£ Estimated Farameters

weights| 333 334 333 7]

The final possibility is called circular and simply affects the way the smoothing is done. It
allows for situations, like the weekly data analysed in Fig. 7.2b from Kurunegela. In this case
the 52 columns are circular in that X52 is the last week of December, and is also just before x1,
which is the first week in January.

7.5 Conducting an effective analysis

Earlier, users’ lack of confidence in statistics meant that they sometimes did not exploit climatic
records fully. Now, with statistical software in Windows, it has become much easier to analyse
the data. The Climatic = Examine and Process dialogues are designed to make the analysis
as simple as possible. Both these dialogues simply collect appropriate methods that are
available individually in the Statistics, Graphics and Manage menus.

The danger now is that inexperienced users may be limited to the analyses that use these
dialogues. Our aim in this section is similar to that in Sections 5.6 and 6.7. Users should
always consider the analysis that is appropriate, given the objectives of the study. If that
coincides with an easy-to-use dialogue, then so much the better. But if not, then they should
have the confidence to undertake the appropriate analyses.

If the analysis using the Climatic = Examine, or Climatic = Process dialogues is not
appropriate, you have at least 3 alternatives:

1) Use these dialogues, with the option to keep the working columns. Then modify the
presentation according to your needs.

2) Use the individual dialogues instead. For example, use the methods described in
Section 7.2, rather than the Climatic = Process dialogue, shown in Section 7.4.

3) Use the commands that are generated by the dialogues. If you have many stations to
analyse, then consider constructing a macro, tailored to the analysis you require.
Writing macros is described in Chapter 14.

As an example of the three methods use the first option in the Climate = Examine dialogue in
Fig. 7.5a, to give the graph in Fig. 7.5b. Alternatively, a similar graph is given using the
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individual dialogues, principally the Graphics = Plot dialogue shown in Fig. 7.5e or through the

use of the commands shown in Fig. 7.5f.

Fig. 7.5a Examine Dialogue
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Fig. 7.5b Result
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Fig. 7.5¢c Step by step approach
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Fig. 7.5d Step 2
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Fig. 7.5e Step 3 Fig. 7.5f Commands for macro
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In general, if the individual steps are used, the Statistics = Summary = Column Statistics
dialogue that from Section 7.2 is the key to many analyses. That is for most of the options in
the Climatic = Examine dialogue and also for the Climatic = Process dialogue if a distribution-
free analysis is adopted.

If a parametric model is used in the Climatic = Process dialogue, then an alternative is the
Statistics = Simple Models submenu, as shown in Fig. 7.5g. This includes dialogues for the
Normal, the Gamma and the binomial (Proportion, One Sample) models.

Fig. 7.5g Simple models submenu
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Smoothing, Fig. 7.5h, can improve the precision of estimates of the probabilities and percentage
points. This option applies equally for the different models. Smoothing is a large topic, but the
current version of Instat includes just one simple method, under the Statistics = Time Series =
Moving Average dialogue, shown in Fig. 7.5i.
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Fig. 7.5h Part of process dialogue Fig. 7.5i Part of Moving-average dialogue
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7.6 Teaching statistical methods

In this guide we have so far used only simple statistical methods, though some ideas of
modelling were mentioned in the last section. More knowledge of statistics is needed for some
of the analyses in later chapters. This guide is not designed to teach statistics, but illustrations
are given here on how the computer can change the way that statistical ideas can be
introduced.

For illustration consider two ideas, both concerned with the normal distribution. The first
concerns the start, end and length of the rainy season and the second is on the estimation of
percentage points for the start of the rains. The worksheet samrain.wor is used. There the
Statistics = Data Summary = Describe dialogue can be used to show that for the column ‘Strt1
the mean starting date was day 125, i.e. 4" May, and the standard deviation was 16.8 days.
Similarly the mean of the ending dates was day 294 (i.e. 19" October), with standard deviation
of 8.1 days.

To help understand the properties of the normal distribution use the Statistics = Probability
Distributions dialogue. Use the final option, called Plot, and enter the mean and standard
deviation of the end of the rains as shown in Fig. 7.6a.

Fig. 7.6a Distribution for start of the rains Fig. 7.6b The start, end and difference
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This can be plotted as it stands, but more interesting is to plot this together with the distribution
of the start. Also calculate the difference, which is the length of the season. The completed
dialogue is in Fig. 7.6b and the resulting graph is in Fig. 7.6c.

Fig. 7.6c Normal plot for the start, end and difference
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With the assumptions of a normal distribution for the start and end of the season, the difference,
i.e. the lengths, are also normally distributed, with the mean and standard deviation given in the
graph. This result assumes there is no correlation between the start and end. The dialogue in
Fig. 7.6b allows exploration of the way the distribution of the lengths would be different if there
were a correlation.

These graphs can form the basis of a discussion of the role of the normal distribution in the
modelling of climatic data. In pre-computer days it was used routinely, because the analysis
was computationally simple. The Climatic = Process dialogue shows that alternatives include a
distribution-free approach, or a gamma model. In our teaching we stress that, when just a
single station is to be analysed, the value of a 'parametric model', such as the normal or gamma
distribution, is often modest, compared to the distribution-free approach. When data from a set
of stations is available, one objective is often to compare the pattern of rainfall, etc, at the
different stations. This is usually much easier, by comparing parameters (from the fitted
models) than with the distribution-free approach.

A number of the dialogues, like spells, have considered the idea of conditional lengths. Here an
option is to look at the conditional distribution of the length of the season, given, i.e. conditional
on, a specific start date. An example is in Fig. 7.6d for a later starting date on 20" May, day
142, with the result in Fig. 7.6e. This is a clear way to show that once you know the date of
planting, the variability in the length of the season is less. This is because one of the two
causes of variability has been eliminated.
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Fig. 7.6d Conditional length of season given the planting date
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Further explanation of the ideas above is left to a statistics course, or book. Here the main point
is that access to computers and suitable software can be used to support the teaching of this
idea.

The Statistics = Simple Models = Normal, One Sample dialogue, completed as shown in

Fig. 7.6e, is used for the second example. This is for one definition of the start of the rains, and
estimates the same percentage points (return periods) as considered in Section 7.2.

Fig. 7.6e Normal One Sample dialogue
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The numerical and graphical results are in Fig. 7.6f. They show the estimation of percentage
points using a Normal model and also the idea of confidence limits. Those who understand
what is meant by the 95% confidence limits for the 80% point (or 5 year return period), which
here is day 137 to 148, have understood some key concepts in statistics!
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Fig. 7.6f Percentage points with confidence intervals
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Instat has always been designed with the dual aims of supporting the teaching of statistics and
the analysis of climatic data. The Windows style interface permits statistical ideas to be taught
more visually, just as it has helped make the analysis of climatic data into a simpler process.

This teaching support is particularly easy for those who are already familiar with any statistics
package. Under Windows style systems most statistics packages are similar to use, hence
mixing them is not an onerous task. So users of a different statistics package could use Instat,
to help with the teaching of basic statistical ideas. This ease of support, applies particularly to
readers of this guide, who are already familiar with Instat.

More examples of the use of Instat to support the teaching of statistics are in the Instat
Introductory Guide, where the ideas in this section are considered in more detail in chapters 14
and 15. There are also further examples in Chapter 11 of this climatic guide.

7.7 Conclusions

By this stage users should have found that the analysis of (daily) climatic data is straightforward.
They have seen that access to the daily records permits a wide variety of events to be studied
and these events can be tailored to the needs of different clients.

This guide also mentions a wide range of statistical ideas, but it is not intended as a text on
statistics. Statistical methods and climatic analysis have one point in common, namely that the
ideas are needed by users who work in many application areas. These include agriculture,
health, water and many industries, such as power and building.

Hence perhaps this guide can be used in two complementary ways. The first is to help users to
incorporate climatic analyses for their area of application. The second is to support the teaching
of statistical ideas for a wide audience.
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Chapter 8 — Analysing Temperature Data

8.1 Introduction

Many of the techniques used in earlier chapters to analyse rainfall data can be applied to other
climatic variables. This chapter shows ways of analysing temperature data, that parallel those
shown in Chapter 5, 6 and 7 for rainfall data. Temperature extremes and degree days are also
considered.

One difference between rainfall and temperature analyses is that there are often multiple
columns of temperatures to process. For example you may wish to consider maximum and
minimum temperatures together.

A second issue is the summary statistic that is used. In rainfall data it is the total, while here the
maximum, mean or minimum (of say the daily maximums) might be of interest.

The wide range of ways of looking at temperature data also gives rise to an issue concerning
the use of Instat or other statistical software. Chapters 1 to 7 of this guide have concentrated
largely on the simple use of Instats’ dialogues. Keeping the computing as simple as possible
allows the user to concentrate on the climatological and statistical issues. From this chapter
onwards, it will be useful if you are also prepared to learn a little about how to run Instat through
giving commands and also that you are able to run "macros". These alternative ways of using
Instat apply equally to the use of other statistics packages. Section 8.3 introduces the idea of
running a "macro", and further macros are used in later sections of this chapter. Chapter 14
considers the use of macros in more detail.

We hope you will be pleasantly surprised by the ease of these other ways of running Instat.
The alternative is to use the dialogues repetitively in a way that becomes very time-consuming
and boring. Itis also illogical to do repetitive tasks yourself, because computers were designed
to handle repetitive calculations!

8.2 Temperature analysis

Temperature is a critical determinant of plant and animal growth and survival. For all
organisms, we can determine upper and lower lethal temperatures, in addition to upper and
lower critical temperatures. These critical temperatures are those limits that cause distinct,
though sub-lethal responses - for example anther sterility in wheat at temperatures above 28°C,
tomato fruit shedding at temperatures below 5°C, or cessation of feeding in sheep above 38°C.
Between these limits, temperature conditions are often viewed as 'favourable' and little
consideration is given to temperature alone, particularly in tropical areas where temperature
rarely changes markedly. However, temperature analysis can be important in many situations
where crops, livestock, stored products, pests and diseases are all affected by the temperature
conditions.

In cool, temperate areas, agrometeorologists are most concerned with low temperatures and
the determination of the length of the growing season by spring and autumn frosts. In warm,
temperate and subtropical conditions, there can be concern over occasional damaging low
temperatures, as well as with excessive temperatures, usually occurring at the same time as
lack of water and high evaporative demand. In tropical areas, temperatures can be too low for
certain agricultural practices, and excessive temperatures are always a concern.

The most common form of climatic data, available for many locations, are summaries of monthly
averages of temperature. While they are useful for comparing one location with another and to
show seasonal patterns, these summaries are too long and typically out of phase with critical
stages of crop development and essential field operations. Plant growth and development are
more closely related to critical values in the rise and fall of seasonal temperature, precipitation
and daylength patterns and their interactive effects. They are also related to accumulations of
temperature between phenological stages and to conditions when essential operations, such as
planting and harvest must be performed. Daily temperatures are therefore of much more value.
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While daily screen minima and maxima are generally readily available, grass minima or soil
temperatures at various depths may be the more appropriate measure in certain conditions.

Not only are the daily values of temperature and extremes important, so is the timing relative to
agricultural activities. Accumulated temperature (or 'growing degree-days') are commonly used
to analyse temperature patterns, as the development processes of many organisms are
approximately linearly related to the accumulated temperature above a threshold or critical
temperature. Given the long-term records for a site, or for an area, it is possible to calculate
mean growing degree-days above a certain threshold temperature over the whole season, or for
any particular period (e.g. where perhaps growth is determined by water supply). Also, either by
examining the distribution of the observed accumulated temperature or assuming that degree-
days are distributed normally, probable values can be usefully combined with weather forecasts
for certain agricultural activities.

8.3 Preliminary analysis

A worksheet of Niamey daily temperature data was used briefly in Chapter 4. Use File = Open
Worksheet Or File = Open from Library and select Ntemp.wor. The worksheet contains daily
Tmin and Tmax data in pairs of columns for 20 years, from 1961-1980.

This layout of the data, shown in Fig. 8.3a, is the same as for the rainfall, but it is less
convenient for temperatures, because there are two elements. An alternative is also shown in
Fig. 8.3a and Table 8.1. Both these layouts will be used.

Fig. 8.3a Alternative layouts for temperature data

b Current Worksheet - NTEMP.WOR g Curent Worksheet - NTEMPL. WOR

Title: Im Calumz | El:nnstantsl Stringsl Lal:uelsl

W1 [%2-F| %3 | x4 | %23 | ®ed | Wl [ %2-F| %3 | x4 |

Day Manth TmxE1 Tr=E2|TmnEl TmnE2 Date  Month  Tmax  Trnin
1 1| Jan 310 328 143 117 1 [01JanB1 | Jan 3.0 143
2 2| Jan 317 32| 180 140 2 [D2Jan-B1 | Jan 3.7 160
3 3| Jan 3.2 304| 174 13E 3 [03anB1 Jan 3.2 174
4 4| Jan 312 305| 14E 120 4 [04-Jan-B1 | Jan 3.2 146
5 5| Jan 326 30| 180 110 5 [05JanB1 | Jan 326 160
B Bl Jan 330 320/ 1500 118 B [0B-Jan-B1 Jan 3300 150
7 7| Jan 342 330| 181 11E ¢ |07Jan-B1 | Jan 4.2 181
g 8| Jan 342 32 16E 121 8 [D8-Jan-B1 Jan 3.2 166
360 | 360/ Dec | 3000 31| 122 154 7300 |26-Dec-80 Dec 257 10
361 31 |0ec | 322 3w/7| 120/ 1BE 730 |27-Dec-80 Dec 262 120
362 | 3E2 Dec | 333 34| 1400 164 7302 |28-Dec-80 Dec 294 132
363 | 363 Dec | 343 3EE| 138 174 7303 |23-Dec-80 Dec 324 115
364 | 364 Dec | 341 30| 138 169 7304 |30-Dec-80 Dec 330 132
365 | 365/ Dec | 330/ 33E| 122 182 7305 |31-Dec-80 Dec 337 180
366 | 36E/Dec | 333 322 133 148 7306

Table 8.1 Alternative data layouts

“Short” —one column per year “Long” —one column per element
Worksheet: ntemp.wor, (length 366) Worksheet: ntempl.wor (length 7305)
Column Contents Column  Contents

X1 day number (1 - 366) X1 Date (I Jan 1961 - 31 Dec 1980)
X2 Factor for the months X2 Factor for the months

X3 - X22 Tmx for 1961-1980 X3 Tmax for 1961 - 1980
X23-X42 Tmn for 1961-1980 X3 Tmin for 1961 - 1980
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Both layouts are useful, so the process of generating one from the other is described. The
relevant menu is Climatic = Manage, shown in Fig. 8.3b. Starting from the ntemp.wor file, the
Climatic = Manage = Stack Daily Data dialogue is used, as shown also in Fig. 8.3b.

Fig. 8.3b Changing the layout of the daily data
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A second use of the same dialogue puts the minimum temperatures into X4. The Manage =
Column Properties = Format dialogue, Fig. 8.3c can then be used to format the date column.

The Climatic = Manage = Make Factor dialogue can be used with the new layout as shown in
Fig. 8.3c. It has been used to generate a month factor, but could alternatively make dekads, etc.

Fig. 8.3c Displaying in date format and adding a factor column
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The converse is to start with data in the long format, and transform into columns of length 366.
This uses the Climatic = Manage = Unstack Daily Data dialogue.

Quality control checks could be performed, for example to check whether Tmax is ever less
than Tmin. This can be done on by Manage = Reshape = Select as shown in Fig. 8.3d.
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Fig. 8.3d Checking temperature data are sensible
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This copies the day numbers in the year for any days for which Tmin > Tmax and then shows in
the Commands and Output window the number of rows that were selected. It is desirable that
no data are selected and this was the case.

This basic quality control check would normally be performed when entering the data, for
example using Clicom or ClimSoft. In a statistics package the checks can be taken further.
Instead of just checking whether Tmin is greater than Tmax, the temperature range can be
examined each day. For example, relaxing the condition in Fig. 8.3d to (Tmax-Tmin)<4 gave 10
occasions. The results are also in Fig. 8.3d.

A macro has been written to automate this check and to graph the data for any of the years that
fail the check. It uses the data in the “short” layout, (ntemp.wor) but could equally have been
written for ntempl.wor. To run it, use Submit == Run Macro, select the file Clim8a.ins from the
Instat Climatic Library and click OK. (Fig. 8.3e)

Fig. 8.3e Running an Instat macro
Submit = Run Macro = Clim8a.ins

— Directorny—— Macra file name Wihat difference? [Def: & deq) E
" Cument | |8ClimBairs
Caticel
" Local -
| e

" General I‘“

The macro asks what difference to investigate and 4 degrees have been given in Fig. 8.3e.

The graph for the data in 1964 is given in Fig. 8.3f, when the difference, at 2.0 degrees, was the
smallest in the 20 years. It is then possible to “home in”, as shown also in Fig. 8.3f, to look in
more detail at the particular time of year when this occurred.
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Fig. 8.3f Part of the output from running the macro
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Those who wish to see the Instat commands that were used for this analysis can use Edit =
View/Edit Macro = Open and select Clim8a.ins, Fig. 8.3g.

Fig. 8.3g Viewing the Instat commands in the macro
Edit = View/Edit Macro = Open and select Clim8a.ins
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Fig. 8.3h Plot of temperature maximum, minimum and range
File = Open and select ntemp.wor
Manage = Calculate put x3-x23 into x43 (call it “Range)
Graphics = Plot

01Feb  O1Apr  01Jin  01Aug 010ct  01Dec
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For some analyses, it might be useful to calculate the temperature range (i.e. max-min) and plot
the min, max and range on the same plot. Fig. 8.3f gives an example for 1961 of the Instat
commands that could be typed and run from the Commands and Output window.

8.4 Temperature events

Daily temperature records can be examined for the occurrence of average, low (or high)
temperature conditions. Thus the analyses from Chapters 5 and 6 can be repeated to derive
temperature events. They can then be processed to give the, probabilities of occurrence and
specified return periods as shown in Chapter 7. Examples include assessing the risk of frosts to
high value fruit production in temperate or high altitude tropical localities, or planning cropping
calendars for cold-sensitive crops such as rice, where temperatures below 15°C affect
development and below 12°C cause permanent physical damage.

8.4.1 Monthly summaries

The first calculations might be monthly summary statistics from the maximum temperatures. If
the maximums of the maximum temperatures, within each month are required, use the Climatic
= Summary and complete the dialogue as shown in Fig. 8.4a.

Fig. 8.4a Maximum temperatures for each month
File = Open and open the worksheet ntemp.wor
Manage = Data = Clear(Remove) and remove x43-x80
Climatic = Summary
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For example, from Fig. 8.4a the monthly January maximum was 36.2 degrees in 1961 and 35.5
degrees in 1962. The Row dialogue, i.e. Manage = Manipulate = Row Statistics (Fig. 8.4b)
can be used to summarise these monthly maximums.
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Fig. 8.4b Summarising monthly maxima data
Manage = Manipulate = Row Statistics
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An alternative way to get these summaries is to use the Layout by Month in Fig. 8.4a, and then
use the Column Statistics dialogue. This was shown in Chapter 5 for the rainfall data.

Fig. 8.4c Graph of the monthly summaries
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Fig. 8.4b and Fig. 8.4c show, for example, that April and May were the hottest months, when all
the years had at least one day with a maximum temperature of 42°C or more (X65). The overall
record high in the 20 years was 45.2°C (X66). August, December and January were the only
months in the 20 years that never had a day with a maximum temperature above 40°C.

Many other summary statistics could be produced, for example for the daily minima or the daily
mean temperatures. One issue, when producing reports is to be clear, exactly what summary
statistics have been produced. The complication is the fact that results such as Fig. 8.4c have
included 3 levels of summary, as follows:

The daily values are themselves a summary of the instantaneous temperatures

The monthly, or 10-day summary is then the second level, see Fig. 8.4a for an example.

The third level is the summary of these values over the different years of the record, such as
was done in Fig. 8.4b, leading to the results in Figs 8.4b and 8.4c.

For example, from Fig. 8.4b, the value of 39.3°C in X66 was the instantaneous maximum in
January over all the years. Similarly 33.6°C was the lowest daily maximum in any January in
the 20 years.
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8.4.2 Frequencies at different thresholds

In Niger, high temperatures can be a problem, particularly to small seedlings in June and July.
Applying mulch can reduce the soil temperature by 2°C or more. To show how this type of
problem can be studied, consider how many days in June have maximum temperatures greater
than 36, 38, 40, 42 and 44°C. To find the number of days greater than or equal to 36°C,
complete the dialogue as in Fig. 8.4d. The option is used to restrict attention to just those
values of 36 degrees or more.

The resulting column is then renamed, and the dialogue repeated for 38, 40, 42 and 44°C. The
results are in Fig. 8.4e.

Fig. 8.4d Number of days > 36°C
Climatic = Summary

Summary of daily data
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These calculations have produced the five "events" of interest, as for the rainfall data in
Chapters 5 and 6. For example, in Fig. 8.4e, in 1961 17 of the 20 years had at least one day
with the maximum temperature > 36°C, while only 2 years had a day > 40°C

We now proceed to the analysis, as in Chapter 7 for the rainfall data. To calculate the total
number of days over the 20 years, use the Statistics = Summary = Column Statistics dialogue
as shown in Fig. 8.4e. Also click on the Save tab to save the summary into X74.

Fig. 8.4e Number of days with max temp > 36, 38, 40, 42, 44°C
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Now use the Manage = Calculations dialogue, o calculate the percentage of days in June over
the 20 years, that have temperatures equal or greater than 36, 38, 40, 42 and 44°C. Then the

Column Statistics dialogue is used again, Fig. 8.4f, to find the number of years that have a day
above the given threshold.

Fig. 8.4f Calculating frequencies at different thresholds
Manage = Calculations with 100*X74/(20*30) into X75
Stats = Summary = Column Stats
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The results are also shown in Fig. 8.4f. They indicate that the crops have to withstand a day
with a maximum June temperature of more than 40°C on 17% of days and in 19 of the 20 years.
There were only 20 occasions with a maximum temperature of 42°C or more and only 8 years
had any days above this threshold.

To show how these results can be used, assume first a variety of millet that can withstand a soil
temperature that corresponds to an air temperature of 40°C, but has problems with higher
temperatures. For this variety a comparison of the results between 42°C and 40°C shows that
the application of mulch would considerably reduce the number of days of stress for the plant.
However, mulching would be of less value for crops that could not withstand a maximum
temperature of more than 38°C, because even reducing the temperature by 2°C would still
leave almost all years with temperatures that are too high.

The idea of looking at thresholds has not been considered before in this guide, but it applies
equally to other climatic elements. For example for rainfall data the chance of a rain day with
more than 50mm could be studied. It is also useful to study extremes of wind speeds.

8.5 Examples of other temperature events

This section considers other temperature events, using data from Reading, England for
illustration.

85.1 Occurrence of frost

In a temperate environment, such as Reading, the incidence of late frosts in the spring
determines planting dates for tender crops. With a daily temperature record the probability of
frosts can be assessed. First, define a frost as a day when Tmin < 0°C. Obviously, the
definition could be changed to use grass minimum temperatures (which more closely reflect the
temperatures that plants are exposed to), or mean daily temperatures, or any other value of
temperature of interest.

The worksheet, Rdtemp.wor, contains the data. The daily Tmin and Tmax are in pairs of
columns for 10 years, 1976-1985.

X1 is the day number (1 - 366)

X3, X5, X7 ... X21 are Tmin for 1976-1985

X4, X6, X8 ... X22 are Tmax for 1976-1985

X2 is free, but will be used as a factor column to denote months or decades
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The select command has been used in the macro in Fig. 8.5a to produce graphs for the
cumulative probability of the date of the last Spring frost (or the first Autumn frost) occurring
before (or after) June 1st - day number 153. A frost has been defined as occurring when the
screen minimum air temperature < 0°C, (mild frost), or < -2°C (brr!).

Fig. 8.5a Part of macro to calculate cumulative probabilities of first and last frosts

Note ClimBh.ins

restoreiwarn off

remove x24- x33

%1=3

loop 1: rep 10
select x1; into x24; if x%1<=0 and row «<153; last; append
select x1; into x25; if x%1<=-2 and row <153; lazt; append
select x1; into x26; if x%1<=0 and row =153; first; append
select x1; into x27; if x%1l<=-2 and row »153; first; append
(1=%142

loop 1

sort x24 x24

name x24 'Days
ot w20 Aot (171040

The results from running the macro are shown in Fig. 8.5b.

Fig. 8.5b Plots of last spring and first autumn frosts at Reading

File = Open From Library = RdTemp.wor
Submit = Run Macro = Clim8b.ins from Climatic library
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Fig. 8.5b shows that every year had a mild frost (of < 0°C) as late as mid-April or May, but some
years did not have a day with minimum temperatures less than < -2°C after February.

After the summer, some years had frost by mid October and even temperatures of < -2°C were
possible by the end of October. All years had at least one mild frost by the end of November.

8.5.2 Accumulated temperatures

Often it is not just specific events or extremes (frosts, heat waves etc.) that are of concern, but
the assessment of the overall temperature that crops or animals (livestock, pest populations,
even humans) have been exposed to. The development of many crops can often be regarded
as being controlled by the integrated temperature to which the plants (and some diseases) have
been exposed. There is usually some upper or lower threshold temperature, outside which
development through the various stages (e.g. germination, flowering, senescence) will not
proceed. Other environmental factors also influence these relationships (such as day length
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and vernalisation requirement) but generally the relationship between accumulated temperature
(sometimes called heat sum) is a useful predictor of crop developmental stage.

The same data set, RdTemp.wor, is used to analyse the variability in the accumulated
temperatures in the Spring. The agricultural industry in Britain has adopted the practice that first
originated in the Netherlands. This uses the occurrence of an accumulated temperature of 200
degree-days (sometimes referred to as "Tsum 200') above a threshold of 0°C to time the
optimum application of nitrogen fertilisers to grass crops in the Spring.

Instat allows the calculation of the accumulated temperatures from daily Tmax and Tmin
records, using any upper or lower thresholds. An example of the dialogue is shown in Fig. 8.5c.
This dialogue assumes the time course of temperature over the day follows a sine wave
(Snyder, 1985) though the alternative of linear interpolation can also be specified.

Fig. 8.5c Degree day dialogue

File = Open Worksheet = RdTemp.wor
Climatic = Heat Sum

v Accumulated temperatures [degree days) )1 [ K2 [ %3 | R4 w28 |
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The dialogue in Fig. 8.5c uses the lower threshold of 0 and the upper of 999 (i.e. no upper
restriction) and saves the sum of the temperatures in x28.

Fig. 8.5d Plots of accumulated temperatures

Submit = Run Macro = Clim8c.ins Submit = Run Macro = Clim8d
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Fig. 8.5d shows results from the calculation of degree-days using a macro. The number of days
has been fixed, at 30, 60, 90 and 120, to investigate the differences in degree-days on specific
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dates. The results show that 1979 was a particularly cold year. The horizontal line at 200 also
shows that 1983 had 200 degree-days already by the end of January, and 1976 was close to
this value.

The alternative is to fix the required number of degree days and look at the distribution of
different dates. These can conveniently be plotted by calculating the cumulative probabilities as
was used earlier in Fig. 8.5b. The resulting plot is shown in Fig. 8.5d, for "Tsum 50' up to "Tsum
250'. This shows that the 'Tsum 200' mentioned above, varied from the end of January (this
was in 1983) until mid-March (in 1979).

8.6 Using temperature data to model pests and diseases

Pest and disease modelling has at least three purposes. First, to help make decisions about
how crops are grown and managed. Second, to estimate yields to help in government and
corporate decisions about buying and selling produce. Third, to improve understanding and so
suggest new or improved management methods.

Two basic techniques are available:
e To search for patterns in past records of pests and diseases and weather;

e To mimic the individual biological process and build a simulation that describes the
system.

These two methods are not mutually exclusive and each may inform the other.

This section considers one example of the type of calculations that may be done to predict the
optimal time to spray a crop. It still uses the idea of accumulated temperatures, but without any
of the special climatic facilities in Instat. Hence these calculations can be done using any
statistics package.

8.6.1 Basic biology

Crop disease may be caused by viruses, fungi, bacteria or higher plants. These either destroy
plant tissues or divert photosynthate to themselves, reducing the growth of the crop. Crop pests
are animals which eat parts of the crop. These include insects, nematodes and mites.

Animals mostly have ways of protecting themselves from desiccation, so temperature variables,
which control how fast they grow and reproduce, tend to be more important than wetness
variables.

Fungi are the most important cause of diseases of plants. Most fungi reproduce by spores,
single cells adapted to survive alone for a time. These spores may be moved to new, healthy
plant tissue by rain or by wind, or may lie dormant in soil until a suitable host plant grows close
enough.

Fungi are mostly very vulnerable to drying out, so rain or humidity variables are often closely
related to the development of fungi disease. The same is true for bacteria. When humidity or
rain is suitable, temperature may have a very strong influence on fungal growth.

Viruses have to be spread by some other organism, usually an animal such as an insect or a
nematode. Relationships of viruses with weather are therefore often more like those of pests, or
related very closely to plant growth patterns.

8.6.2 Predict timing of insect activity

In Britain the pea moth is a pest of the legume crop, peas. The moths pass the winter as
dormant pupae and emerge as adults in late May or early June. The timing of this emergence
can be determined fairly easily by trapping adult males in traps baited with the sex-attracting
chemical of the female. Females mate as soon as they can and begin to lay eggs within 2-3
days of emergence. The eggs mature at a rate that depends on temperature, and hatch into
young larvae. The larvae find their way to the developing pods and burrow inside; they then
grow inside the pea pods, destroying the crop. Larvae that develop into larvae before harvest
or in wild plants, form the founders of next year's population.

128 03 January 2006



Instat Climatic Guide 8 — Analysing Temperature Data

Insecticide does not kill eggs, adults or larvae inside pods. It also gradually disappears once
applied. It has therefore to be applied at exactly the right time, so the larvae receive a
maximum dose after they hatch and before they penetrate the pods. The traps indicate to the
advisors and farmers when the adults have emerged. The question is, how long after this
should insecticide be applied?

The following experimental data are for pea moth eggs laid in the laboratory:

Mean temperatures: 14.3 18 20.3 215 253
Days to 50% hatch: 14.3 8.9 7.3 6.3 4.8

The problem is

a) to calculate the rate of development (i.e. the inverse of the time taken)
b) plot the rate against temperature
c) find the base temperature below which development does not proceed

d) using the slope of the regression of rate of development on temperature, find a
'temperature sum' (or accumulated temperature) above the base temperature, which
corresponds to 50% hatch

e) formulate spray advice to farmers based on this temperature sum

To solve this problem the concept of accumulated temperatures, which was introduced in
Section 8.5.2, is applied

If the spread of a process is directly proportional to temperature, then the time taken to
complete the process depends inversely on temperature. This means that a graph of time
taken to complete the process will be a curve.

Fig. 8.6a Completion time v temp Fig. 8.6b Process speed (rate) v temp

Time to completion
Speed of process

Temperature Temperature

Things are simplest to understand, if the speed of the process depends linearly on temperature
above 0°C, so that the speed of process is a straight line passing through 0°C. Then, if at 10°C
the process takes 1 day, it will only take half a day at 20°C. The product of temperature * time
is the same in both cases, i.e 1 °C-day. This is said to be the accumulated temperature, or the
temperature sum, required for the process. Things are a little more difficult if the speed of the
process depends linearly on temperature, but stops at a temperature different from 0°C. In this
case, the speed of the process, r, will obey

r=c+mtT
where c is a constant (the intercept on the r axis), m is the slope of the fitted line and T is the
temperature. This can be rewritten as

r=m(T + c/m) = m(T-b)
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where b is a new constant, the intercept on the T axis, called the base temperature. The
'distance' the process has gone can be found by multiplying r by the time elapsed, t. (If r varies,
integration will be needed). Therefore the distance gone is

jtm(T —b)t = m_[t (T —h)t

The distance scale is arbitrary, so we can just say that when the process is complete we have
travelled 1 unit. Then when the process is just complete,

1- ] by

All that is known is the time to complete the process at a given temperature, which we will call
t(m). But the rate at which it was completed, r, must be 1/t(m). So, plotting this rate against
temperature, gives b and m. Then, given a temperature series against time, the right hand side
of the last equation can be calculated. If it is greater than 1/m, the process is complete.

Fig. 8.6c Pea moth data Fig. 8.6d Plot of Days vs Temperature
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These concepts are now applied to the pea moth problem. First use File = New Worksheet to
create a new worksheet. Enter the data as shown in Fig. 8.6¢, then save as Peamoth.wor.

Fig. 8.6e Plot of Rate vs Temperature
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Fig. 8.6d shows the graph of the days to 50% hatch v mean temperature and Fig. 8.6e the plot
of its inverse (Rate) against mean temperature. These are examples of the graphs shown in
Figs 8.6a and 8.6b.
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A regression line is now fitted to these data (Fig. 8.6f), from which, also in Fig. 8.6f, we calculate
the baseline temperature (Tb) of about 9°C and the required accumulated temperature as about

80°C.
Fig. 8.6f Fitting a regression line
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This provides the type of information needed to give advice to the farmers. From the traps, we
know the day to start the calculations. Then suppose that the mean temperatures for the
following days are 7, 10.4, 13.6 ... 19.9. The macro, Clim8e.ins, which is run in Fig. 8.6g

calculates the accumulated temperature, TAcc, for day n and temperature Tn, using

TAcc = TAcc + (Tn - Th)

When run, it asks for the base temperature, and the required accumulated value, Fig. 8.6g. It
then calculates that after 10 days, they will have exceeded the required threshold. This is when

the farmers are advised to spray.
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Fig. 8.6g Calculating accumulated temperatures to identify when to spray
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Chapter 9 — Agricultural Climatology

9.1 Introduction

The first section of this chapter describes the scope of agricultural climatology. The remainder
of the chapter is devoted to one of the key building blocks, namely the calculation of
evapotranspiration. In these sections the case for the use of the Penman-Monteith equation is
given. The use of Instat dialogues for the calculations are described. For reference we also give
the formulae and a hand calculated example of their use.

Subsequent chapters consider other topics in agricultural climatology. Chapter 10 combines the
calculation of evapotranspiration with the use of crop coefficients in a simple crop index.
Chapter 8 is devoted to the analysis of temperature data, including a study of different methods
for studying the impact of climate on problems of pests and diseases. At a simpler level,
calculations of water balance, described in Chapter 6, can use the calculated evapotranspiration
from this chapter.

9.2 The scope of agricultural climatology

Agricultural meteorology is the study of all aspects of the links between the atmosphere and
agriculture. It is obviously concerned with the effects of weather on agriculture, but also covers
the influences of agriculture (and forestry) on the atmosphere. Agricultural climatology is
concerned with the variation in time and space of all aspects of agricultural meteorology.

Agricultural meteorology is a relatively new subject, developing rapidly. Until recently it has
mainly been practised by people who have been involved in one of the established sciences,
often meteorology, but there is now sufficient theory and established methodology for it to be
regarded as a subject in its own right. Its boundaries are diffuse since it merges into other
established disciplines such as soil science and crop physiology as well as agriculture and
meteorology.

Operational agricultural climatology is usually carried out by staff within the national Met.
Service. Sometimes this is in association with agricultural advisory staff, and in the most
successful cases there are interdisciplinary teams working together. Meteorologists alone rarely
have the structure or information to reach the farming communities. Internationally, the WMO
agricultural climatology effort is organised through the Agricultural Meteorology Division of the
World Climate Programme.

The range of topics, which may be considered as part of agricultural climatology, is summarised
under the following interrelated headings:

a) Distribution of crops, animals and farming systems
Crops, animals and farming systems can only succeed at a locality if they are
adapted to that climate, including its variation from year to year.

b) Effects of weather on crop yields
Weather is often the major factor that affects year-to-year variation in crop growth,
development and yields. Effects may be direct (physiological) or indirect (pests,
diseases or crop management).

c) Pests and diseases
Development of pests and diseases depend upon temperature and humidity, their
usual spatial and temporal distribution is often climatically determined, and their
dispersion and spread is often controlled by the weather on all scales.

d) Exchanges of mass and energy
Crop growth depends upon the supply and use of solar radiation and carbon dioxide.
All living organisms exchange heat, moisture and other substances with their
environment. The use of water by evapo-transpiration is a major interest.
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e) Microclimates
All organisms live within their own microclimates and usually show physiological
responses to these environments.

f)  Modification of microclimate
Examples include mulches, shelter, drainage, irrigation, shade, glasshouses and
animal housing.

g) Agricultural management
Many aspects are weather dependent, e.g. sowing crops, applying herbicides and
other agrochemicals, animal nutrition, grazing periods, crop harvesting, processing
and transport.

h) Climate change and agriculture
Most farming systems will need to change and adapt if (or when) climates change.
All the topics mentioned above are relevant in this context.

The above topics cover a range of spatial scales (micro, meso and macro). For example crop
distribution includes macro-scale features such as the distribution of rice in the tropics and
micro-scale features such as planting at the bottom edges of ridges to maximise water
availability on slopes in dry areas.

Decision-making in agriculture may be tactical or strategic and agricultural climatology plays an
important part in both types of decision. Tactical decisions are immediate decisions, i.e. what to
do now. Examples are: how much to irrigate a crop that is currently growing; whether to harvest
a crop tomorrow or next week. Tactical decisions are therefore often based on climatic
information plus current and forecast weather information.

Farming strategy is concerned with longer term planning, e.g. what crops to grow; how much
irrigation capacity is needed. This normally requires an evaluation of needs and risks over a
sequence of years.

A careful climatic analysis can also underpin strategic decision-making that incorporates
seasonal forecasting and climatic change scenarios.

9.3 Working with users

9.3.1 Who are the users of agrometeorological information?

Users belong to different major groups, though to provide an effective service, each application
must be considered unique. The agrometeorologist must understand the overall objectives of
each project to work effectively in a team:

a) Are the interests in benefits in the technical, economic, social, security, sustainability,
environment, leisure, or other domains?

b) Are the users policy makers, monitoring agents, or practising producers?

c) Can users reap the benefits from the product individually, or will remuneration come
collectively, e.g. through a Chamber of Agriculture, a commodity agency, a marketing
unit?

The initial user may be a colleague within the Met service, asking for an analysis of data.
"Outside" users include government, NGOs, or an information dissemination unit, such as a
local radio. They may be farmers or groups of farmers or farmer’s organizations, plant or animal
health protection, forestry or livestock services, fertilizer companies or soil conservation groups.

Other users in the Ministry of Agriculture, the Ministry of Planning or agricultural research
institutes, may aim for the development of sustainable agriculture, for warnings on alarm
situations, bush and forest fires, locust control, for drought alleviation measures, flood control,
the planning of the movement of stocks of food or seeds, or a crop monitoring activity. They
may be Embassies, marketing or post-harvest crop management services, entities engaged in
the conservation of the environment, or any other kinds of "customer".
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To identify users in agricultural, livestock husbandry or forestry activities, it is useful to contact
the relevant Ministries, the "Chambers of Agriculture" or equivalent units, the commodity
institutes, or the district agricultural and livestock services. This identification of the user and of
the product(s) required, can be through listening to the requirements of the work of persons in
other disciplines, and of the aspects that could make their work safer, easier, more efficient,
more reliable, etc.

9.3.2 How to begin?

The process can start with a dialogue on the users' work, discussing each step in the
agricultural production process and the effect of weather factors on these steps. An
assessment may also be made of when and how agrometeorological information products can
realistically increase the efficiency of the steps. Such a discussion can deal with the factors that
determine the highest possible rate of production, factors that limit the production or those that
reduce production below levels already established. This could than lead to a joint definition of
the agrometeorological product that is needed. Such a dialogue requires that the
agrometeorologist knows about the products that (s)he can offer or develop. They may require
the joint provision of input data, hence joint data collection , analysis and formulation of the
message in a user-adapted language.

Before a decision is made to furnish a product, consideration should be given to how the user
can effectively manage the product. The technology must be of realistic service.

9.3.3 What does the user require?

Often, a combined use of climatological inputs, both observed and forecast, is needed, and the
relative reliability of each component should be identified. Sometimes the users only vaguely
realize how meteorological information can help them; by going, together, step by step, through
the work or production process can one identify areas where meteorology might be of use and
where the benefits of provision of information could be examined. One may have to make a
"user sensitivity analysis" and to assess (and communicate) the value of the information product
supplied.

User-tailored weather information for planning, adaptation of the system, and day-to-day
operations in agriculture involving the dosage and timing of application of inputs, is one of the
major factors that can increase the efficiency of these measures and help to reduce the risks on
the investments made. This aspect defines one group of clients. Another group is involved in
general matters or in activities that precede or follow after agricultural production has been
achieved: marketing, processing, consumer orientation, legal and administrative matters and
environmental issues.

Users may wish to obtain:
a) a description of the basic factors determining the atmospheric environment for

agriculture (solar radiation, temperatures, water availability in all its forms, humidity, the
wind regime and other characteristics, such as weather "hazards");

b) a description of the requirements for each application;

c) a quantitative formulation of the relationships between weather and vegetation, saill,
open water and animals and the reciprocal effects of these "surfaces" on their nearby
atmospheric environment;

d) a process to "match" the requirements of the users to the meteorological conditions
that may exist, to optimize the use of all the resources provided by the weather and the
other inputs and to minimize the influence of adverse conditions (Rijks, 1986).
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9.4 Products
Possible products fall into different groups:

a) basic data;

b) basic data together with an analysis and/or an advisory message for specific
applications, possibly combined with non-meteorological data, such as those derived
from remote sensing;

c) methods, techniques, software packages for specific applications.

Examples are given of products in the second group, dealing with the planning of agriculture,
day-to-day operations and monitoring and associated measures respectively.

9.4.1 Products to help planning

In planning, products are based on values (maximum, optimum, minimum and probabilities) of
the relevant parameters for different crops. For example:

Types of factor Elements
factors that define maximum production:  temperature, solar radiation;

factors that may limit production: water balance, conditions for
nutrient uptake and weeding;

factors that reduce production: pests and diseases.

The products include:

a) the agro-meteorological characterisation of regions (FAO, 1978; Rijks, 1994) for the
application of results of research;

b) the probability of rainfall for crop water balance calculations to plan the agricultural
system, to assess the possible length of the rainfed cropping season (Manning, 1956;
Rijks, 1976) and to provide information for longer-term, infrastructural, measures like
land-layout for erosion control and soil conservation, intercropping systems, and
contour-ridging for the conservation and use of water (Rijks, 1977). Similar information
is needed for the study of relations in catchment management and for planning of
irrigation system layout and related studies;

c) information about (extreme) low or high temperature regimes and their duration
and localization, that affect the development and growth of crops and animals, and in
some cases the state of the infrastructure serving agriculture, the frequency of the risk
of occurrence of frost, or of heat stress for crops and livestock;

d) information about solar radiation and sunshine hours, for the calculation of
photosynthesis, crop growth, evapotranspiration, crop drying, and for applications in
the sphere of the agricultural infrastructure and operations, like the construction of
animal shelters, animal health care or for on-farm (renewable) energy generation and
conservation;

e) information required in the livestock industry including the assessment of the
potential pasture productivity, of the seasonal food and water supply and quality,
assessment of the risk of overgrazing or of bush fires, hay making, housing, animal
health and productivity, the introduction of highly-productive species and the drying
with solar energy of meat and fish;

f) information on weather factors (water balance, temperature and humidity regimes,
day length etc.) that help with the year-to-year selection of varieties adapted to the
variability of the length of season;
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h)

parameters dealing with the choice and use of farm machinery, fertilizer
applications, pest and disease management;

guantitative values (maximum, optimum, minimum, probabilities) of the relevant
parameters of models of development of pests and diseases (Franquin and Rijks,
1983) and of migrant pests (Rainey et al, 1990);

information to implement measures of microclimate manipulation and
modification (Stigter, 1994) for the establishment and management of windbreaks and
for planning agroforestry plantations;

information on the probability of certain conditions of solar radiation, temperature
and water availability for the development of intercropping and multiple cropping
systems, so that natural inputs are exploited optimally;

information for planning the feasibility and efficiency of on-farm water storage
facilities (Baradas and Sutrisno, 1981);

conditions for the selection of different forest species, their establishment, the risk
and incidence of forest pests and diseases, information on the risk and for the
forecasting of bush and forest fires and for forest fire management practices;

assessment of the solar and wind energy potential;

information on humidity, a major element in the assessment of the risk of occurrence
of crop diseases and some crop pests. Also, low humidity may inhibit fertilization
during flowering;

wind regimes may influence lodging, and thus perhaps the need for ridging, and the
movement of crop and animal pests and their control. Extreme winds may cause
significant damage to fruit trees (Mellaart et al, 1999). Information on wind regimes is
essential for the construction of windbreaks and the establishment of fire-breaks in
bush- and forest-fire control.

9.4.2 Products for day-to-day operations
For day-to-day agricultural operations, products may be:

a)

b)

the probability of rainfall for crop water balance calculations to decide on agricultural
activities or processes for different crops, such as accessibility of the fields, land
preparation, sowing, germination, weeding, thinning, ridging to prevent lodging,
supplemental irrigation, fertilizer application, crop protection measures, ripening,
harvesting and post-harvesting operations such as drying and storage (e.g. Traore et al,
1992; Direction Nationale de la Météorologie, 1998);

climatic, probability and forecast information for the planning of irrigation systems,
risks of water shortages, optimization of the water use efficiency (the ratio of yield per
unit water), information for day-to-day scheduling irrigation scheduling models, using
real-time data and forecasts (e.g. Rijks and Gbeckor Kove, 1990; Friesland et al., 1998;
Smith, 1999, this volume);

information on meteorological factors that affect the efficiency of energy, one of
the most expensive recurrent inputs in agriculture, whether the energy be of fossil,
human, animal, mechanical, thermal, solar (electrical) or chemical nature, through a
choice of optimum timing and amount of such inputs;

information of the risk of weather hazards for crops and animals, hail, frost, hot dry
winds that may cause sterilization of pollen, floods, droughts etc.;

information to foresee the optimum time for harvesting (e.g. of vine-grapes, Gerbier
and Remois, 1977; Strydom, 1999);
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f) information for the improvement of storage conditions (e.g. of groundnuts in
Gambia, Rijks, 1987);

g) the practice of agricultural aviation, for sowing, fertilizer application and surveying in
addition to crop protection, requires (agro)meteorological information for the assessment
of the needs and the potential benefit of an intervention, as well as for the application
operations.

Other clients may, in relation to studies of the effects of climate variability, or in crop monitoring
and yield forecasting procedures, need the outlook, the "scenarios" that could occur (and their
probability), following different (agro)meteorological or general weather events.

9.4.3 Monitoring and evaluating products

For monitoring agricultural production and the social, economic and legal aspects of agriculture,
(agro-)meteorological information is used in:

a) crop monitoring activities in food security programmes;

b) modelling of potential production of natural grazing areas by livestock services, which in
turn may have an effect on transhumance;

c) promoting the efficiency of the use of water and energy, the reduction of pollution and
the conservation of the environment;

d) monitoring, and forecasting floods and droughts and the alleviation of their effects;

e) monitoring of desertification, avoidance of overgrazing, salinization, wind- and water-
erosion;

f)  information for wildlife conservation and management

More details and references are given by Rijks (2000).

A product has value only to the extent that it is being used to the clients' satisfaction. Therefore,
feedback on the benefits that are derived from the decisions based on their use, be they
technical, social, economic, environmental or other, must be obtained regularly.

Evaluations may consider whether the value of the product is to minimize damage, risk or costs,
to maximize output, net return, or to enhance the value of, or the possibility of exploiting, other
resources. Feedback on the indirect benefits from post-harvesting operations and agro-
industrial procedures are also important.

9.5 Introduction to evapotranspiration

Penman (1948) produced the first physically based equation for evapotranspiration of water
from land and water surfaces. His first equation was for evaporation from an open water
surface (e.g. a lake), but it was soon modified to deal with evapotranspiration from vegetation.

In this form, Penman's equation estimated potential evapotranspiration, i.e. the rate of water
loss from a short green crop, fully covering the ground and fully supplied with water.

Under these conditions (full crop cover and soil near field capacity) the rate of
evapotranspiration is a consequence of atmospheric, rather than surface, conditions.

The appeal of Penman's equation was that it dealt with the physical basis of evapotranspiration.
There are two physical aspects to evapotranspiration:

a) The need for energy to provide the latent heat to convert liquid water to water vapour.
This is normally provided by solar radiation, through the energy balance equation.

b) The need to transport the water vapour away from the evaporating surface into the
atmosphere. This is a function of turbulent transfer, which depends upon the
interaction of wind with the surface and of atmospheric water vapour content.

When Penman derived his equation, the physics for (a) was well understood. The physics for
(b) was less clear and Penman used an empirical relationship between evapotranspiration and
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windspeed and vapour pressure deficit. This was based on experimental work at Rothamsted
Experimental Station and provided an excellent basis for his equation.

Gradually, scientists realised that evapotranspiration from crops differed slightly from the value
predicted from the Penman equation and various empirical factors were introduced to correct for
this. Physically, these arose from (b) above, in particular that turbulent transfer depends upon
the nature of the surface and that all crops could not be treated as short grass.

Monteith (1965) completed the scientific theory by introducing the concept of resistances to
describe the turbulent transfer of water vapour to the atmosphere. Combining these concepts
with the Penman equation gave the Penman-Monteith equation.

Prior to 1990, the standard method of estimating crop water was based on the original Penman
equation, with various modifications, as outlined by Doorenbos and Pruitt (1976) and Gommes
(1983).

In 1990 FAO reviewed their methods and reached the following conclusions.

a) The Penman equation should be replaced by the Penman-Monteith equation. This
requires a more exact definition of potential evapotranspiration and hence they
introduced reference crop evapotranspiration. This is defined as "the rate of
evapotranspiration from a hypothetic crop with an assumed crop height (12 cm) and a
fixed canopy resistance (70 sm™) and reflection coefficient (0.23) which would closely
resemble evapotranspiration from an extensive surface of green grass cover of uniform
height, actively growing, completely shading the ground and not short of water."

This is really just a more precise definition of what Penman (1956) called potential
evapotranspiration: "The rate of evapotranspiration from a short green crop, fully
covering the ground and fully supplied with water".

b) For the time being, crop water use could be estimated by multiplying the reference crop
evapotranspiration by a crop coefficient (k) to allow for differences in crop type and
crop cover. This would follow the guideline of Doorenbos and Pruitt (1976)

c) Inthe longer term (10 years), information on the canopy and aerodynamic resistances
of crops would be collated to allow the direct use of the full Penman-Monteith equation.

9.6 Dialogues to calculate evapotranspiration

The Instat dialogues under the Climatic = Evaporation menu are used for the Penman-
Monteith calculations as shown in Fig. 9.5a.

Fig. 9.6a Evaporation sub-menu Fig. 9.6b Data from Kayes, Mali
File = Open From Library = Kayes.wor
| Climatic ‘window Help Wit | W | owa | x4 |
| M anage N Tmean  BHmean zuh mnsc
= IgD '| 1 25 4 27 515 28
i R LA T 2 2 19 532 25
| e M= 3 3.2 17 371 55
2 g 4 N 19 98 27
Boie 3 5 0 £19 28
e 6| 321 55 7.3 28
7 268 72 £.35 25

Ewaporation Site a 274 | E.03 26

Crop Penmar... 3 279 | 6.97 23

Heat Sum... 10 295 (2] 77 2
11 28.8 43 8.27 24

Markw MDdE"Iﬂg F 12 258 aa £ 48 25
13

The four climatic variables to measure are radiation, wind-speed, temperature and humidity and
should first be entered into a worksheet. An example uses monthly data for Kayes in Mali,
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shown in Fig. 9.5b. The data that were measured are:

a) mean temperature in °C X1
b) mean % relative humidity X2
c) wind-speed at 2m in m/s X4
d) daily hours of bright sunshine X3

The first dialogue is Climatic = Evaporation = Site, Fig. 9.5¢, and the four parts to this dialogue
need to be completed. The first gives the location of the site. The latitude of Kayes is 14° 26’ N
and the altitude is 47m.

Fig. 9.6¢ Site information for Kayes, Mali Fig. 9.6d Results
Climatic = Evaporation = Site

+ 5ite Information for calculation of evaporation 73 | s |

= conzt D ate
Latitude degreesminutes ; Emt:; _1 ) 14433 16
Altitde metres - i D;; ;E
— D'ap numberz % Dijzg 'II:-I|53.?
¢ Specliedin " Daiy (" Decadd "6 | nosrizer T
12 ﬁ manths frnmlm % 1222
9 2535
— Reflectance | . % 3225“2
nformation [ — 51

L —
13

&lbedo ||:|. o3 j

— Anaztrarn formula
Flz] = [a + b*n/MN]* R[] a= |EI.25 b= IEI.E

A column of day numbers from 1% January is need and Instat calls this column ‘Date. This
column can be generated if the data are daily, decades or monthly. Otherwise you need to
provide a column of day numbers.

The third part of the dialogue allows the reflection coefficient to be specified as described in
Section 9.8. The default value is 0.23 for the reference crop and various other values are
suggested if you tick the “Information” check box shown in Fig. 9.6c.

The final section specifies the intercept and slope of the Angstrom formula (see Section 9.8).
This is need if radiation is measured as hours of sunshine. These constants are normally
determined locally.

The result of running the dialogue is to store the constants in a further column called ‘Const and

to give the column with the day numbers. The ‘Const and ‘Date columns generated for Kayes
are shown in Fig. 9.6d.

One complication in the calculation of evapotranspiration is the variety of measurements and
units that are in common use. Instat caters for this in the Climatic = Evaporation = Penman
dialogue, by transforming the measured data into a fixed set of variables.

The transformed columns are also given fixed names that are used in the Penman-Monteith
calculations. The 4 types of measurements are considered in turn.

1) The radiation data can be given as sunshine hours or measured radiation. If sunshine
hours, the column is called ‘suh. If radiation, then it is transformed if necessary to
MJm and called ‘mjo.

2) The wind-speed data is transformed to metres/sec and called ‘msc
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3) The temperature data may be given as the mean. If the maximum and minimum
values are given, then the mean temperature is calculated and called ‘Tmean.

4) The humidity can be given as a variety of ways as shown in the dialogue. Itis
transformed to vapour pressure and called ‘ed.

If the Penman-Monteith checkbox in Fig. 9.6e is left unchecked, then the dialogue simply
calculates the columns that are required for the calculation. For illustration this was done in
Fig. 9.6e with the calculated column ‘ed in Fig. 9.6f.

Fig. 9.6e Data for Penman-Monteith calculation Fig. 9.6f Calculate ‘ed
Climatic = Evaporation = Penman

+ Penman-M onteith Evapotranspiration HY |
— R adiation ed
& sunhours O callom? M)A IKS[suh] vI 1 0.714
2 n71a
—wWind zpeeds 7 0771
 Kmdday " Milesiday 1% Mebrestzec |><4[msc] 'I 4 1011
— T emperatures Mean 3 1.735
" Max-min f* Mean ] & 2641
[*lmean) ~] 7 2 857
— Humidity 8 2,804
Relative Hurmidity  *'et-dm bulb q 2970
" AHmaxmin Max-Min £ W apour pressure 10 2845
FHmes £ Mean " Dew point 1 1.703
FH Mean 12 0.930
[x2(RHmean *] ”

[~ Run Penman-taonteith

Fig. 9.6g Rename 'Tm to ‘Tmean in Penman dialogue

o Temperatures
1 I Tm l ’Vf" b &=-mir f* Mean | I.‘><‘I Tl j
5 o0 -
3 N2 K
4 4 [T Bun Penman-tonteith o~ Smes Permmian assutnes the natmes
5 355 * Change names |5 or mjo, msc, tmean and ed.
B 321 " Copy Columns gﬂgiﬂmﬁ“mes sl
7 28.8

In the Climatic = Evaporation = Penman dialogue, columns that already have the names that
are used later, are picked up automatically by the dialogue as can be seen in Fig. 9.6e. The
data in Kayes worksheet were given the correct names. Fig. 9.6g shows what happens if this is
not done. The temperature, X1, has been renamed to “Tm. Now the dialogue has to be
informed which is the temperature column. Instat then gives the option either to produce a
copy with the correct name or to change the name of the existing column.

With the correct names in the Penman dialogue all the information is complete and the ok
button is therefore enabled. Tick the two boxes at the bottom of the dialogue (Fig. 9.6h).

The graph produced after clicking ok is shown in Fig. 9.6i. It shows that the evapotranspiration
(ET)) is the sum of the aerodynamic and radiation terms and illustrates the different patterns of
variation in the two terms throughout the year.

The Penman dialogue also produces the columns listed in Fig. 9.6j.
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Fig. 9.6h Penman calculations: Fig. 9.6i Evapotranspiration
Climatic = Evaporation = Penman

+ Penman-Monteith Evapotranspiration

- Radiation Penman-Monteith Evapotranspiration

* suphows  © calfcm? = Mdimz IK3[3Uh] (&

—Wind speeds
" Kmdday " Miles/day ¢ Mebres/zec IK4[msc] |

— Temperatures Mear
= aw-min {* Mean e
— Humidity

Relative Humidity  *Wet-dry bulb
" RHmawmin  © MawMin & Vapour pressure IX?[Ed]
" FHmean " tean " Dew point 0

50 100 150 200 250 300 35
Date

||7 Fun Penman-tdanteith I
F include graph I

Fig. 9.6] Columns calculated for Penman-Monteith

Name Element Equation RIT | 218 | %19 | %23 | X24 | K25 | %26 |
(Section 9.8) AER Rs Rns_ Anl Fn RAD ETO
. 1 44 183 141 B YEB 1.8 B3
'VPD Vapour pressure deficit 69 2 RO 201! 155 E7 88 22 713
'Rs Solar radiation 55 3 B4 238 183 F6 107 29 83
4 B4 242 187 B9 118 34 &7
'Rns Net short-wave radiation 55 3 49 220 170 47 123 35 85
, E 30 204 157 29 128 35 BSH
Rl Net Iong wave loss 63 K 1.6 13.0 147 23 124 33 439
'Rn Net radiation 50 3 1.2 187 144 22 122 31 4.3
, . 3 1.1 197 152 25 127 34 44
AER  Aerodynamic term 69 10 | 15 196 151 30 121 33 44
'RAD Radiation term 69 11 31 186 143 43 395 25 8B
L 12 39 1585 119 &0 B3 1.7 &E

'ETO  Crop evapotranspiration 69 S
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9.7 Calculating evapotranspiration for daily data

Data from Bohicon in Benin for 1983 are used to illustrate the analysis on a daily basis. Open
the worksheet Bohicon.wor. Fig. 9.7a shows the names given to the columns and the first few
days of the data.

Fig. 9.7a Daily data from Bohicon, Benin
File = Open From Library = bohicon.wor

Col. Name Contents W1 ®2 | %3 [ w4 | ¥E | ME | w7 | w8 | ®g
Dap “Wind Sunhre Wap  Minhum Maxbumn Mintemp Mastemp Bain

X1 Day Day Number 1 03 45 197 24 88 22 234

X2 Wind Wind speed (m/s) o7& 23 30 36 21 34.8

1] ng 2 36 93 204 a7
07 B9 165 27 97 185 38

2

3

X3  Sunhrs Sunshine hours 4
X4  Vap Vap pressure (mb) g 1 5 114 23 58 198 33

7

8

2 n 7y 17 32 20 293

X5  Minhum  Min RH (%) 16 0 88 20 5 200 302
X6 Maxhum Max RH (0/0) ny B2 105 19 [ A 325
3 oy 72 135 22 Ga 18.2 334

X7 Mintemp  Min temp. (deg C) 10 0 B8 125 19 BR 19 e
11 06 BB 121 16 (] 20 337
12 1.4 1 118 16 | 2.7 338

X9 Rain Rainfall 13 2 9.4 107 18 41 215 4.3
14 0E a2 104 18 51 21.3 345

X8 Maxtemp Max temp. (deg C)

oo oo oo oo oo oo oo

Bohicon is 07 degrees 10 minutes N at an altitude of 167m, so the Site dialogue is completed
as shown in Fig. 9.7b.

Fig. 9.7b Site data for Bohicon Fig. 9.7c Penman dialogue for Bohicon
Climatic = Evap = Site Climatic = Evaporation = Penman
+ Site Information for calculation of evapol + Penman-Monteith Evapotranspiration
g —Radiation
Latitude degree minLtes ~ % sunhours € calfom? = M2 | [#305unhes) j
Altitude metres —wind speeds
= Emdday  Miles/day % Metres/zec| [#2Mwind) TI
D'ay numbers

" Daly " Decadal — Temperatures i

F’he colurmt of day turmbers is called " Mean I IXB[M a:-:tempj IX?[M ir'ltEITll:l]‘

tshould be called 'Date. Yourmnay ct
chatge its hiatme or totnake a copy o

— Humidity
Fielative Humidity  wet-di bulb

£ Max-in £ “Wapour pressue

" FHmean " Mean " Dew point
FH M axirnunn BH Minimurn

(M axhum] | |><5[Minhum] jd

&+ Change name ¢ CopyColumn

A

M armes

[+ Run Perman-tarteith % Changs names

................................ " Copy Columns

Petitnian assurmes the harmes
zuh o trj, Tss, nean and e
Chatige existing niarmes of oo
b hew colurmns.

The Penman dialogue is shown in Fig. 9.7c.

The evapotranspiration is stored in ETO, the radiation term in RAD and the aerodynamic term in
AER. The values of ETO calculated using Penman-Monteith are shown in Fig. 9.7d together
with a graph of ETO, RAD and AER.
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Fig. 9.7d Evapotranspiration from daily data from Bohicon

Daily data for: ETO
Mo Jan Feb Mar Apr Mavy Jurn Jul Aug Sep Oct Mo Dec
DEy. ——— e e
1 2.7 5.0 3.5 5.1 5.4 3.7 3.0 3.5 3.7 4.0 4.7 3.7
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29 5.8 6.2 5.1 4.8 3.5 3.4 2.8 3.8 4.7 4.5 2.9
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3l 4.5 4.6 5.0 2.8 3.2 5.1 4.3
Mean |ililvera :od.d) |
4.1 5.5 5.4 5.2 4.7 3.7 3.5 3.2 3. 4.2 -’-l.'? 4.2
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Fig. 9.5d shows that peak values of ETO are found in February and March with monthly means
of about 6 mm per day. Mean values decrease through April and May to 4 mm, a level which is
maintained, apart from a small peak (5 mm) in November for the remainder of the year. Monthly
means are also given in Fig. 9.7d. The graph shows that the radiation term is the dominant
component and is relatively constant through the year. The aerodynamic term is about 2 mm
per day in January to March and about 1 mm per day until the secondary peak in November.

In some studies the average value of ETO may be required. This is illustrated by calculating the
mean on a decade basis. Use Climatic = Manage = Make Factor as shown in Fig. 9.7e.
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Fig. 9.7e Make a column of decade numbers Fig. 9.7f Calculate 10-day means
Climatic = Manage = Make Factor Stats = Summary = Column Stats

: - Options
%' Generate a new factor = ] = ]
" take a factor from an existing column of dates Available data e e L ey
[T Court
—Period—— . q
Starting marth I.Januar_l,l 'I #26(Picevap) I~ Sum
" Maonths et Panevap) -
Murnber of periodz IEE :II il
[T St dev.
= Wweek
SERE ™ Percentiles
" Pentads Save inta I'D ekad' j ™ Propottions
= Day number [T Addlabels #34{Dekad)
£ Day in month

[~ For factor H3HDekad] n

Use Statistics = Summary = Column Statistics as shown in Fig. 9.7f to calculate the 10-day
means. Click on the Save tab and save both the means and the fitted values.

Fig. 9.7f Saving the 10-day means and the fitted values

Column Statistics x| x|
ieie l ﬁavel s l Mean for each Dekad 1 I 3'4| 34
|F Save statistics | 2] i) i

Colunn Mean 3 5.0 34
Count X35 4 4.9 3.4
ETO 5 E.0 34
Sum 1 3.448 3 5.6 2.4
2 3.81 7 47 34
b ean 35 = P — . N
St. dew. o6 Hooaoco ] 58 24
34 4,415 10 | g2 24

Percentage | US|
ar Probability 35 4.291 11 b2 a8
36 4.01 T £ 2 25
IF Save fitted valuesland deviations ) 13 5.0 38

Fitted values IKSE - I

In Fig. 9.5f, X35 contains the means and is a column with 36 values. X36, while containing the
same numbers as X35, is of length 366. It is displayed using the “Display of daily data”
dialogue in Fig. 9.7g and also plotted, together with the daily values.
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Fig. 9.7g Table and plot of 10-day means

Daily data for: 36
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R e e e R R
1 3.4 4.9 4.7 5.2 5.0 4.1 3.5 3.3 3.5 4.1 4.4 4.4
& 3.4 4.9 4.7 5.2 5.0 4.1 3.5 3.3 3.5 4.1 4.9 4.4
3 3.4 4.9 4.7 5.2 L.0 4.1 3.5 3.3 3.5 4.1 4.9 4.4
4 3.4 4.9 4.7 E.Z2 5.0 4.1 3.5 3.3 3.5 4.1 4.9 4.4
28 L.0 L L.a L.2 4.7 3.6 3.1 3.3 3.5 4.6 4.4 4.0
29 5.0 L k.8 L2 4.7 i 3.1 3.3 3.5 4.6 4.4 4.0
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31 5.0 5.8 4.7 3.1 3.3 4.6 4.III|
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The same point about averaging can be made here, as was discussed for the water balance
dialogue in Chapter 6. If the average evaporation is required on a 10-day basis, then should the
basic climatic data be averaged before using Penman-Monteith? Or should the ETO values be
averaged, as was done here? Computationally either method is possible, (the Penman
dialogues merely require columns of data of the same length). As usual, the averaging should
be at the end (as was done here to produce Fig. 9.79g), rather than at the beginning of the
calculations.

Similarly, where data are available for more than one year, the calculations should be done for
each year and the results then averaged. This can be done by having a worksheet with the
data end-to-end for the successive years.

Partly to test Instat, ten years of daily data were used in a worksheet with 3660 rows and 40
columns. After calculating Penman-Monteith's evaporation for each day of the ten years, the
Statistics = Summary = Column Statistics dialogue was used to evaluate both the mean
and the standard deviation for each 10-day period.

In some countries it may be considered impractical (because of lack of data or of time) to do the
analysis for all sites on a daily basis. In this case a preliminary piece of "research" should be to
evaluate the consequences of a 10-day or monthly analysis for sites for which daily data are
available.

This “research” is straightforward with Instat. The calculation of the decades was shown in
Fig. 9.7f. (An alternative is to calculate monthly summaries.) The dialogue to summarise the
input data is shown in Fig. 9.7].

To transform the data in X2 to X8 to 10 day means, use Climatic = Summary and complete the
dialogue as shown below. The decade means are put into X2 to X8 in a new worksheet
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Fig. 9.7] Calculate decade means for Bohicon data
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Run the Penman dialogues again on a 10-day basis, Climatic = Evaporation = Site and
Penman.

Compare the results with those given in Fig. 9.7h.
maximum discrepancy of 0.3 mm per day

In this case the results were similar, with a

9.8 Reference crop evapotranspiration
Introduction
In summary, the key FAO 1990 conclusions were:

a) The Penman-Monteith equation was the best method and should be used for
estimating evapotranspiration. This conclusion was based on recent comparative
studies. If this is not possible, the older Penman equation can still be used.

b) Information on canopy and aerodynamic resistances would be collated with the aim of
introducing the direct use of the Penman-Monteith equation.

c) The previous FAO method of estimating reference crop evapotranspiration and then
using crop coefficients to allow for different crops and growth stages can still be used,
until new software and information on resistances has been developed and
distributed.

Recommended combination formula for reference evapotranspiration (ET )

From: FAO (1992). Report on the Expert Consultation of FAO Methodologies for Crop Water
Requirements, held at FAO, Rome, May 1990.

Defining reference evapotranspiration (ET ) as "the rate of evapotranspiration from a
hypothetical crop with an assumed crop height of 12cm, a fixed canopy resistance of 70 sm™"
and an albedo of 0.23, closely resembling the evapotranspiration from an extensive surface of
green grass of uniform height, actively growing, completely shading the ground and not short of
water", the estimation of the ET ) can be determined with the combination formula based on the
Penman-Monteith approach. For the estimation of daily values the equation becomes:
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0408AR, - C) + 3 _TJ. (o, ~&,)
E?El — T+ 23
A+ A1+ 0,340 6o

where: ETq) reference crop evapotranspiration [mm d‘")]

Rm net radiation at crop surface [MJ m? d“"]

G : soil heat flux [MJ m2 dt"]

T : average temperature [°C]

Ugy wind-speed measured in 2m height [m s™)]

(e@req) vapour pressure deficit [kPa]

A : slope vapour pressure curve [kPa °Ct"]

y : psychrometric constant [kPa °C"]

900 : conversion factor

Use of the Penman-Monteith equation for reference crop evapotranspiration
The FAO Penman-Monteith reference equation has assumptions about the resistances:

a) ro is taken as 70 sm™, for grass 0.12m high

This is based on the relationship r) = 2*rs) / LAl where rs) is the average 24 hour stomatal

resistance of a single leaf and LAl is leaf area index which is related to height (LAl = 24 * height

in m).

b) I'e) is taken as 208/U;) where Uy is the 24 hour mean windspeed at a height of 2m.
Note that r)/rs) then becomes 70/(208/U ) or 0.34Uy).

The equation incorporates some precise physical parameters:

c) 0.408 is the reciprocal of the latent heat of water (2.45 MJ kg“™") and changes the units
of (Ru-G) from MJ day®™" to mm day™".

d) 900/(T +273) includes p (density of air) and C ) specific heat.

e) v is the psychrometric constant, normally taken as 0.066 kPa Ct™" but this does in theory
depend upon atmospheric pressure (P in kPa): y= 0.000665*P. Normal pressure is about 100
kPa (equal to 1000 mb). This correction can be important at high altitudes. FAO recommend
that P is estimated from station altitude (z metres) by:

526
. 101_3[ 293—0.00552]

Estimation of Net Radiation

The greatest practical difficulties and apparent complexities of using the Penman type of equations
results from the fact that usually measurements of net radiation are not available and must be
estimated.
Net radiation (Ry) is:

Rm= (1-a9Rg  + Lo-Ly

L« = downward long-wave radiation; L, = upward long-wave radiation

which in FAO terminology becomes:

Rm = Rps *+ Ry (50)

Rns) = net short-wave radiation; R, = net long-wave radiation
If measurements of solar radiation are available they should be used. If not, solar radiation R is
estimated, using the Angstrom equation, from hours of bright sunshine (n), day length (N) and solar
radiation at the top of the atmosphere R(;). Both R(;y and N depend only on the latitude and day of
the year:

R) = (@ + b*n/N)* Ry where a and b are constants to be determined locally. Note that a
represents the fraction of radiation reaching the earth's surface on a completely overcast day
and (a+b) that on a completely clear day.

Note that the 0.77 in FAO equation (55) is (1 - a.), where a is taken as 0.23 for the
reference crop. (o = reflection coefficient)
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R, =0.77(0.25 +0.50 2 ) 5,
i (55)
Net longwave loss (R(n)) is estimated by FAO equation (63). This is an old established equation
that longwave loss depends basically on Stefan's law (o T*) but increases with clear skies (n/N)
and decreases with water vapour in the atmosphere (e)). The modified formula was proposed
by Boltzmann. The expression used is usually called the Stefan-Boltzmann equation.
Note that the 2.45* 10 is actually half Stefan’s constant because maximum and minimum
temperatures have been included separately in the equation. Often the data available include
only mean temperature. In this case the mean temperature should be included twice in
equation 63.

R, = 2.45.10-9[0.9i + 0.1](0.34 ~0.14.fe, [T + )
N
(63)
Equation (68) gives a rough estimate of the soil heat flux (G), but G is normally taken as zero,
when the time span of calculation permits.

G = ﬂ. f 4(?1”‘;”;&" - TMI:’?!!.&,‘_{) = G

(68)

List of symbols:

Rm net radiation [MJ m® dt"

Rps) net shortwave radiation [MJ mt? d")]

Roy net longwave radiation [MJ m‘? dt")]

Ra extraterrestrial radiation [MJ m™ d"]

n/N : relative sunshine fraction

Ty maximum temperature [K] (Tmax °C + 273)

Ty minimum temperature [K] (Tmin °C + 273)

€() X actual vapour pressure [kPa]

soil heat flux [MJ m2 dt"]
Data requirements for the estimation of reference crop evapotranspiration
In principle, four climatic variables are required to estimate reference crop evapotranspiration.

a) temperature - preferably maximum and minimum;
b) relative humidity or vapour pressure;

c) windspeed at a height of 2 m;

d) solar radiation or hours of bright sunshine.

Various complexities arise in practice. Usually solar radiation is estimated from hours of bright
sunshine. Estimation of net long-wave radiation- involves temperature, vapour pressure deficit,
hours of bright sunshine (as a surrogate for cloud cover).

If there is one meteorological observation provided, this is usually at 0900 local time. Relative
humidity at this time may not provide a good estimate of the daily mean. It is usually preferable
to calculate vapour pressure at this time and to estimate the mean vapour pressure deficit by
combining the actual vapour pressure with the saturation vapour pressure at maximum and
minimum temperatures.

A calculation of reference crop evapotranspiration, using the FAO Penman-Monteith equation
A typical data set is that for Cairo (latitude 30°N, altitude 75 m) in June:

Mean temperature  28.5°C Relative humidity 55%
Daily wind run at 2m 232 km Hours of bright sun  11.5h
1. Calculate vapour pressure deficit (€) - €())

From tables, e (saturated vapour pressure) at 28.5 C is 3.89 kPa
e(q) (actual vapour pressure) is RH*e)/ 100 = 55*3.89/100 = 2.14 kPa
(e(a)- e(d)) = (389-214) =1.75 kPa

2. Calculate the available energy (R, - G)
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For this we need values of solar radiation at the top of the atmosphere (R)) and daylength (N).
These depend only upon the latitude and the day of the year. From tables (or by calculation)
these for mid June are:

Re =41.2MJm™@and N=13.9h

Equation (55) estimates solar radiation, Rs), retained at the surface as:

Riue=0.77 * (0.25 + 0.50*11.5/13.9) * 41.2 = 0.77 * 27.3 = 21.0 MJ m
(Note that the incoming solar radiation is 27.3 MJ m©?)

Equation (63) estimates the net longwave loss (R,)) from Stefan's constant, temperature, n/N
(which represents the amount of cloud cover) and the actual vapour pressure of the air (e())

Rm=2.45*10 * (0.9*11.5/13.9+0.1) * (0.34- 0.14*\(2.14)) * 2*(273+28.5)"
Note that the temperature in the last bracket is in K (Kelvin) not °C because 273 has been

added to the temperature in °C. Also as we do not have separate maximum and minimum
temperatures as in equation (63), we use the mean temperature twice.

This becomes
R 2.45*10"9 * 0.845 * 0.135 * 2* (301.5)"
2.45 *0.845*0.135 * 2 * 82.63 * 10"
=4.6 MJ mt®
Assume G = 0 and then:
R -G =Rpg)-Ru-G=21.0-4.6-0=16.4 MJm-?
3. Calculate other values required
We also need to know A (slope of saturated vapour pressure curve at this temperature) - from
tables A = 0.226 kPa Ct™"
y (the psychrometric constant) = 0.066 kPa Ct™"

Wind-speed Uy in equation (69) is the mean 24 hour wind-speed in ms". We have the daily
wind-run in km per day (232 km). Therefore to get the mean wind-speed U,y in ms™" divide the
wind-run by the number of seconds in 24 hours and multiply by 1000 (km to m).

U =232 * 1000/ (24 * 3600) = 2.685 ms"
4. Substitute these values in equation (69)

Therefore ET )=
((0.408"0.226"16.4) + (0.066*(900/301.5)*2.685*1 .75))
/(0.226 + 0.066*(I +0.34*2.685))

1.512/0.352 + 0.925/0.352
= 4.295 + 2.628 = 6.923 mm

The first term in the line above is often called the radiation term and the second the
aerodynamic term. So ET, (reference crop evapotranspiration) is 6.9 mm per day.

9.9 Comparing Penman-Monteith with other methods
Comparison of the Penman-Monteith and original Penman equations

The original Penman equation is present in many agricultural textbooks and it is worthwhile
comparing the two equations. Essentially Penman assumed that the canopy resistance (r(c))
was zero and that the aerodynamic resistance (r(,)) was one particular function of the daily wind
run. This can be seen by comparing the two equations, though any numerical comparison must
take account that Penman's equation has units of mm of water whereas the Penman-Monteith
as presented here is in MJm®?.

The function chosen by Penman has proved to be very robust and the Penman equation still
gives good estimates of potential (i.e. reference crop) evapotranspiration. In many
environments differences between the equations are virtually zero, but the Penman-Monteith
equation has been adopted because of its complete theoretical treatment and more general
applicability.
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Penman-Monteith
e MR @+0C, (e~ 8) ra
[+ witr S r )]

Original Penman

7= MR, - A 207 0006200 o, - &)

Fot ]

i.e. the equations are the same, allowing for constants and changes of units if

re)= 0 and 1/r() is proportional to (1 + 0.0062U).
Pan Evaporation

The best estimates of reference crop evapotranspiration will be obtained from the above
equations. Sometimes the necessary climatic data are not available but measurements of pan
evaporation are. These do not give good estimates of crop evapotranspiration because their
energy balance and resistances differ from crops. The best procedure is to correct the pan
reading to an estimate of the reference crop value by multiplying by a pan coefficient. Pan
coefficients depend on the type of pan, its exposure and the environment. Some values from
FAO-24 (Doorenbos and Pruitt, 1976) are given below.

-

Relative Humidity
Class A Pan Sunken Pan
Wind run (km day¢®) <40% >70% <40% >70%
<175 0.65 0.85 1.00 1.00
175-425 0.60 0.75 0.85 0.90
>425 0.55 0.65 0.75 0.75

9.10 Conclusions

This chapter has mainly been concerned with the calculation of evapotranspiration. This has
changed in two ways from the calculation used in early versions of Instat. The first is that
Penman-Monteith is now used, rather than the FAO modified Penman method. The second is
that there are dialogues, rather than commands, for the calculations.

Some readers may be curious why only use the Penman-Monteith equations are provided and
there are no simpler formulae, particularly for stations that do not have all the measurements
that are necessary. Our view is that it is probably preferable to use a nearby station for all or
part of the measurements. However, the actual calculations are now in the macro called
pencalc.ins so readers who would like to provide alternatives could adapt the macro. Macro
writing is described in Chapter 14.
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Chapter 10 — A Crop Performance Index

10.1 Introduction

Frére and Popov (1979) introduced a crop monitoring index based on a water balance
calculated using actual precipitation and estimated evapotranspiration (Er) using Penman's
method. The index is used for Early Warning Systems in a number of countries.

This monitoring scheme is introduced in Sections 10.2 and 10.3 as a case study of the use of
climatic data. Extensions to the basic monitoring scheme include its use with many years of
data, described in Sections 10.4.

Section 10.4 also describes preliminary analyses of the climatic data, and suggests ways of
summarising the results from the index. These topics apply equally when more sophisticated
crop models are used. These crop growth simulation models usually need daily data, and the
use of daily records with this monitoring scheme is described in Section 10.5.

10.2 The crop monitoring scheme

The crop performance index is calculated from the difference between precipitation and the crop
water requirements. The latter are calculated using crop water coefficients and Er. Allen et al.
(1998)" provide guidelines for calculating crop water requirements for many crops, and this
guide is one of the most popular pages on the FAO website (www.fao.org/documents).

The index has a maximum value of 100 and is reduced through the season if the crop is under
stress. Stress, which results in a decrement in the index, can be caused by a water deficit or
surplus.

Rainfall, potential evapotranspiration and crop coefficients must be supplied. together with a
sowing date (or a criterion for sowing) and the soil water holding capacity. In Frére and Popov
(1979) all calculations use 10-day data with a planting period assumed to be the first period with
rainfall greater than 30 mm. The form of the calculations can be seen in Fig. 10.2a, taken from
Frére and Popov, (1979) page 9 and using the format of FAO (1986).

The steps of the analysis leading to the index, |, given in Fig. 10.2a, are as follows:-

e The sowing date is the first decade in June. This is the first decade with precipitation
greater than the 30 mm.

o The water requirement, WR, in each dekad is given by multiplying the PET by the crop
coefficient Kc. For example, in the third decade in June
WR=44*0.4=18 mm
e The total water requirement for the season can then be calculated i.e.
WR =Z(PET * Kc)
WR=16+14 +18 + ...... + 20 = 328 mm in this example
e The difference between the actual rainfall, Pa, and the water required, WR, is calculated
and added to the existing reserves (Ra) in the soil. These reserves cannot go above the
maximum water holding capacity, 60 mm (in this case), nor can they become negative.
A surplus or deficit is recorded under the S/D heading.

e For example, in the third dekad in June, P - WR = 115 - 18 = 97 mm. The reserves, Ra,
were 51 mm, hence they reach the maximum value of 60 mm and there is 88 mm to be
recorded under the S/D category.

o The index begins at 100 and is reduced in 2 ways. First, if there is a surplus of greater
than 100 mm then the index is reduced by 3 units. Second, if there is a deficit, the index
is reduced by the percentage of this deficit in relation to the total water requirements for
the season.

"R.G. Allen, L.S. Pereira, D. Raes and M. Smith (1998) Crop Evapotranspiration — Guidelines for
Computing Crop Water Requirements. FAQO lIrrigation and Drainage Paper 56.
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Fig. 10.2a Cumulative water balance and crop performance index for Ziquinchor (Sahel)

FAO Agrometeorological Rainfed Crops Monitoring - SHEET 1
Station Ziquinchor Country  Senegal Season 1978
Lat. 12.33N Long. 16.16 Alt. 23 m Crop/Cultivator Sorghum Lgs(no.of days) 130
Soil Water Retention Capacity : 60 mm Total Water Requirements : 328 mm
No. Dekad/Month  P(N) P(a) d(a) PET K(c) WR P-WR R(a) S/D 1%
1/5 1 0] 0] 64
2/5 3 (0] 0 61
3/5 6 2 1 62
1 1/6 23 46 3 52 0.3 16 30 30 0 100
2 2/6 40 35 4 48 0.3 14 21 51 0 100
3 3/6 62 115 6 44 0.4 18 97 60 88 100
4 1/7 118 104 6 41 0.4 17 87 60 87 100
5 2/7 121 100 5 38 0.5 19 81 60 81 100
6 3/7 124 202 7 41 0.7 29 173 60 173 97
7 1/8 176 218 9 35 0.8 28 190 60 190 94
8 2/8 180 56 5 34 1.0 34 22 60 22 94
9 3/8 176 149 7 38 1.0 38 111 60 111 91
10 1/79 130 81 5 37 1.0 37 44 60 44 91
11 2/9 120 87 7 39 0.9 35 52 60 52 91
12 3/9 111 74 6 40 0.6 24 50 60 50 91
13 1710 85 34 3 41 0.5 20 14 60 14 91
2/10 35 72 5 41
3/10 26 42
P(N) = Normal precipitation / period WR = Water requirement of the crop = PET*Kc
P(a) = Actual precipitation / period R(a) = Water reserve in the soil
d(a) = Number of days of rainfall S/D = Surplus or deficit of water
PET = Potential Evapotranspiration I = Index
K(c) = Crop Coefficient

In this example there is a surplus of more than 100 mm on 3 occasions, which is why the index
finishes at 91. There was never a deficit. Had there been a deficit of say 33 mm this, with the
total water requirement of 328 mm, would have caused a drop of 10 units in the index.

10.3 The water satisfaction index dialogue

The data in Fig. 10.2a are in the worksheet called FAOEx1.wor, Fig. 10.3a, which has a title
“FAQO Crop Monitoring Model — Ziquinchor May-Oct 1978”. Only three columns from

Fig. 10.2a are needed, giving the rainfall, the evaporation and the crop coefficients. The length
of the crop coefficient column determines the growing period, here it is a 130 day crop.

Fig. 10.3a Data for crop modelling in Instat
File => Open from library => FAOEx1.wor

=1 e =3

A ain Evap ko
1 1] B4 0.3
2 1] E1 0.3
3 2 G2 0.4
4 46 52 0.4
5 Gia] 43 05
G 115 44 07y
7 104 41 n.a
a 100 a4 1
g 202 41 1
10 218 Gia] 1
11 ] 34 049

The simplest use of the Crop index dialogue is Climatic == Crop Index and complete the
dialogue as shown in Fig. 10.3b.
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Fig. 10.3b Crop Index dialogue and output
Climatic = Crop = Water Satisfaction Index

Crop performance index Crop performance index

. . . . L Analyaizs for rainfall data in Bain
I ain Starting/Continuation [rrigatiamn Total water requirement = 326mm.
Rainfall data Evaporation E:E;ng E IE Su;i;DEf Tndex
1 ﬂ ><2[Evap]| - 4 1 15.6 30,4 0.0 100 |
. 5 z 14.4 2l.0 0.0 0o
Crop Coefficients & 3 17.6 §0.0 88.4 100
X3kl - 7 4 16.4 60.0 87.6 100
g 5 19.0 e0.0 sl.0 1na
Capacit | 9 5] zZ8.7 e0.0 173.3 a7
: yﬁiri;J 10 7 Za.0 e0.0 190.0 94
11 g 34.0 e0.0 2a.0 94
12 9 8.0 e0.0 111.0 9l
Ainalysis 15 10 37.0 0.0 44.0 a1
&)l periods 14 11  35.1 60.0  51.9 91
© Patial 15 12 24.0 60.0  50.0 49l
16 [13 Z0.5 s0.0 13.5 91 |

[Loss from surplus = 9.0 in 3 periods)

The first column in Fig. 10.3b shows the crop was planted in period 4. This was the first decade
in June. It was a 130-day crop as indicated by the crop periods given in the second column.
The remaining columns give the water requirement, WR; the soil reserves, Ra; the surplus or
deficit and the value of the index. The final line of results indicates the drop in the index from
100 to 91 is solely the result of waterlogging, rather than water shortage.

Fig. 10.3c Cumulative water balance for Dori, 1978

FAO Agrometeorological Rainfed Crops Monitoring - SHEET 1
Station Dori Country Burkina Faso Season 1978
Lat. Long. Alt. m Crop/Cultivator Lgs(no.of days) 90
Soil Water Retention Capacity : mm Total Water Requirements : mm

1/5 4 75

2/5 11 78

3/5 14 80

1/6 23 68

2/6 18 63
1 3/6 58 59 0.3 18 40 40 0O 100
2 1/7 51 59 0.4 24 27 60 5 100
3 2/7 48 57 0.5 29 19 60 19 100
4 377 134 59 0.8 47 87 60 87 100
5 1/8 9 48 1.0 48 -39 21 0O 100
6 2/8 29 47 1.0 47  -18 3 0 100
7 3/8 28 50 1.0 50 -22 o0 -19 94
8 1/9 15 47 0.6 28 -13 o -13 90
9 2/9 32 50 0.5 25 7 7 0] 90

379 6 52

1710 0] 55

2/10 3 59

3/10 0] 59

P(a) = Actual precipitation / period K(c) = Crop Coefficient
PET = Potential Evapotranspiration I = Index

Fig. 10.3c gives a second example, also from Frére and Popov (1979). This is for Dori, also in
the Sahel. Here a 90-day crop is grown and the index decreases because of a water shortage
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in August. There is, for example, a deficit of 19 mm in the third decade of August. With a total
water requirement of 316 mm, this is 6% of that value. Hence the index drops by 6 units to 94.

Repeating the steps described for Ziquinchor gives the results shown in Fig. 10.3d.

Fig. 10.3d Crop index for data from Dori
File => Open from library => dori.wor

Climatic = Crop = Water Satisfaction Index

#1 ®e ®3 .

St Evap = Crop performance index
! C i L Analysizs for rainfall data in Rain
2 1 [ 0.4 Total water requirement = 31l5mm.
3 14 a0 0.5 Period R Ra  Sur/Def Index
4 23 Ea 0.8 Date Crop mm mm biihi}
5 18 B3 1 & 1 17.7 40. 5 0.0 100
= ] =9 1 7 z 23.6 60.0 7.7 100
7 51 k| 1 g 3 28.5 60.0 19.5 100
g 48 57 0.5 9 4 47.2 60.0 86.8 100
9 134 29 05 10 5 45.0 21.0 .0 10n
10 g 48 11 & 47.10 3.0 0.0 100
11 29 47 1z 7 a0. 0 n.no -19.0 94 |
12 oo 50 13 5] 28.2 0.0 -13.2 an
13 15 47 14 9 25.0 7.0 0.0 a0
14 32 50 :
15 G 5
16 1] 55
17 3 29
18 1] 29

When the crop dialogue is used in its simplest form, other aspects of the analysis have default
values which are consistent with those used by Frére and Popov, (1979). Thus

e the starting period is the first with rainfall greater than 30 mm

o the soil capacity is 60 mm

¢ 3 units are lost from the index if there is more than 100 mm surplus.
These default values can be changed with appropriate subcommands

Take the sowing period as an example. This can be fixed as decade 4, when there was 23mm
of rain, as shown in Fig. 10.3e

Fig. 10.3e Specifying the start dekad
Climatic = Crop = Water Satisfaction Index = Starting/Continuation

Crop performance index Crop performance index

. - - - N . Analyaizs for rainfall data in Bain
M ain Starting,/ Cantinuation [rigation | Optior ’
Total water requirement = 340mm.

% Starting options Period R Ra Jur/Def Index
Rainfall or penod/day to start the seaszon Il;ate Eer ZIEIm-’-l zmél IIZImIII i
™ Tatal  © Fraction _u:uf evaporation 5 5 55,3 0.0 a5 a9
Statting period is ff4 [ Calendar 6 3 20.5 28.5 0.0 a9

argivenin | <] T4 4Tz 32.3 0.0 99

a 5 57.0 23.3 0.0 a9

a & ta.0 e0.0 8.3 a9

10 7 45.0 zl.0 0.0 99

" Conditional analysis 11 & 28. 2 z2l.8 0.o 33
] 25.0 24,8 0.0 ag |
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To specify a starting period to be rainfall is greater than 20mm, rather than the default of 30mm,
the option in the dialogue is completed as shown in Fig. 10.3f.

Fig. 10.3f Starting period when first rainfall > 20 mm

first rainfall > 20 mm first rainfall > 30% of evaporation
{* Starting options {* Starting options
Fainfall or period/day to start the season Rainfall or period/day to start the season

| Total|  Fraction of evaporation  © Fiked period(s)/c i~ Tatal | Fraction of evapl:uraticunl " Fixed

E arliest perin:nda"dacl1 —j Calendar Earliest perioddday |1 j Calendar

then rainfall »= IH':—Imm aveEr I'I_j period(z] then mare thanf 0.3 evapgover |1 j

Finally, with a crop coefficient of 0.3, the sowing period could be the first with rainfall greater
than 30% of the evaporation, Fig. 10.3f. This is the assumption made for sowing in FAO (1986).
For Dori, each of these three dialogues produces the same result, which is shown in Fig. 10.3e,
namely that planting is in period 4 and the index at the end of the season is then 99, rather than
90.

Fig. 10.3g considers the original sowing criterion but changes the capacity to 120 mm, instead
of the default value of 60 mm. In this case the index remains at 100.

Fig. 10.3g Change the capacity from 60mm to 120mm

Crop performance index Crop performance index
Main Starting/ Continuation Imgation Analysis for ]CEllI.leLll data in Rain
Total water requirement = 315mm.
Rainfall data Evaporation Period VR Ra  Sur/Det Index
Date Cro T prin i} T
%1 < W2Evapl  w & 1 17.7 40.3 0.0 100 |
SiRan] - T 2 3.6 ET.7 0.0 100
WE vap] EipnlEociieicots 8 3 28.5 §7.2 0.0 100
XA[Coeff] KiCosfl] v ] s 4 47z 120.0  54.0 100
10 5 4a.0 al.0 0.ao 10a
Capacity{ 120 - 11 &  47.0 §3.0 0.0 100
12 7 to.o 41.0 0.0 10n
Main |i Staring/Continuation | i 13 & 28.2 27.8 0.0 100
4q 9 z25.0 4.8 o.no lEIEII
{* Starting options :

Fainfall or period/day to start the sea:

i+ Tatal | © Fraction of evaporat

Earliest perioddday |1 :II Cz

then rainfall >4 |30 jmrr

The successive values of the index can be saved and plotted, as shown in Fig. 10.3h, for the
initial analysis for Dori.

The analyses so far have all used dekads, as in the FAO publications. However, the dialogue
can be used with groups of any size. All that is required is that the climatic and crop variables
are consistent with each other (i.e. each rainfall period should be grouped over the same
number of days as the corresponding evaporation period, and each crop coefficient should
correspond to these climatic periods).

Choosing the crop coefficients for a given run of the index, can draw on the work by Allen et al
(1998) for FAO. This provides the coefficients for many crops, for each of the main growth
stages, and also tabulates the length of these stages.
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Fig. 10.3h Save and possibly graph the index

Crop performance index

Main Starting/Continuation Irmigation

R ainfall data

Analyziz
+ Al periods
" Partial

Feriod

12 18

1004
Optionz
E vaporation s 20
aEvap) v [k =
Crop Coefficients xg
A Coeff] - " G0 -
=i
i | s
Capacity (0 —
i Save
~
v Plot results

Once the values and the lengths are available, the Climatic = Crop = Crop Coefficients
dialogue may be used to generate values for each period. An example is in Fig. 10.3i for the
data in FAOex1.wor. This was a 130-day crop, with coefficients shown in Fig. 10.3i. This is

roughly as follows:

e Initial

e Growth
e Mid

e Final

30 days
50 days
20 days
30 days

Index at 0.3

Index increases to 1.0

Index remains at 1.0
Index drops to 0.5

The way this information is input to Instat is shown in Fig. 10.3i, together with the results, in X4.

Fig. 10.3i Calculating coefficients from information at the crop stages
Climatic = Crop = Crop Coefficients

¥ o

k.
1 0.3 0.3
2 0.3 0.3
3 0.4 0.3
4 0.4 0.44
al 0.5 0.58
B 07 0.7z
7 0.8 [0.86
8 1 1
3 1 1
10 1 1
11 04 0833
12 0.& 0.E&7
13 0.5 0.5

Crop Coefficients

Data
| columnns * Tobe typed
Mumber of crop stages | |4
Stage | Coefficient | ength
1 03 3
2 03 ]
3 1 2
4 LI I 3
End 05 e 0
S ave into [ Smooth coefficients ower days

T =l

FAO have also upgraded their own software, now called AgroMetShell, that calculates and
maps the water satisfaction index. This includes a flexible method of choosing the crop
coefficients, shown for millet in Fig. 10.3j.
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Fig. 10.3] FAO AgroMetShell calculation of crop coefficients

’ Crop coefficients

Crop |Millet j Set of Coeficients|DefauIt j Mew zet
% of Cycle  KCr
[ o
E 2 R R e e e e e e e
Imitial '
e e [oa A S
008 05
Ir 0E 3 cooofoscsadoosogi Bl sadqhosaoacossagosooodecosgs sooaqpacaos
Wegetative |:| ............ [ [ ER— B
05 1 !
Flawering . I—U? |—1 i R T bt frooes it TN
Ripening D |-|_ 025 e 'ﬂ """"""
Sawve changes S S S O S D S S A
D T T : T T T T i T
o 0.1 0z 03 0.4 0s 06 o7 05 04g 1
Percertage of cycle length

10.4 The water satisfaction index with many years of data

Fig. 10.4a Malawicr data
File = Open From Library = malawicr.wor

X1 Rainfall totals for 24 dekads Rl | W2 | RS | WA | x5 | WB | KY | XB | X3
-Xx27 (from 1st Oct.) for 1954/5 to
1982/3 1 1] 0 1] 0 o 183 0 0 1]
" 2 0 o 188 0 0 o 58 43 89
(omitting 1962/3 & 1981/2) 5 0 0 0 0 0 91 2E q 0
4 18.9 0 0 0 o 48 36 0 123.2
X28 Evaporation totals for dekads 5 B9.2 99 521 o 17 3 0 307 254
(from 1st October) 5 422 E53 45 o 248 36 14 132 617
- 7 434 711 587 86 376 1% 21024 394
X29 Crop coefficients for 8 | 168 1125 795 744 323 1285 732 1288 94

groundnut (11 periods)

g | E71 728 83E 513 163 198 E78 134 1181
X30 Crop coefficients for cotton 10 475 104 955 224 846 127 94 912 495
(17 periods) 11 | 1526 1313 1323 53 43 15 299 431 170.2

12 | 105.4 442 305 2083 262 627 A2 274 254

X31 Numbers 1,2,... 17 (for 13 |191.3 1826 638 462 BE 206 969 823 97
plotting) 14 | 193 808 BEE 1351 826 625 1328 1943 408

X392 Numbers 1.2,... 24 (for 15 |111.3 82 28 196 #1893/ 89 51 419
olotting) 16 | 1016 716 1341 447 945 822 1565 0 241

17 0 1024 &8 122 236 676 208 826 504

18 0 782 236 208 13 0 18 74 O

19 01072 268 58 0 E4 467 1685 O

20 0 0 87 0 0 0 WF 0 0O

21 83 35 0 0 0 0 43 0 0O

22 | B8 0 32 0 0 0 81 0 O

73 0 EE 0 0 0 0 0 0 0

24 o o0 o o0 o0 0 0 0o 0

When many years of rainfall data are available, the year-to-year variation of the index can be
evaluated. This can put the values for the current year into perspective. For example, if the
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index is 88, halfway through the current season, this value can be compared with the historical
record at the same point in the season.

A further option is to continue from this point, to give the distribution of final values of the index
in past years. This is called a conditional analysis, since all years are processed conditional
on the starting values from the current season. An example is at the end of this section.

This section uses ten-day data for 27 years from a site in Malawi. Part of the data from this file,
called Malawicr.wor, are shown in Fig. 10.4a.

10.4.1 Preliminary examination of the data

The first step in such a study should be an examination of the rainfall data. Here two topics are
outlined, where the statistics are often misused:

e The use of rainfall and evaporation to examine season lengths
e The use of the coefficient of variation (c.v.)

In a full study, the rainfall records would be transposed, so each column holds the data for a
single decade within the year, rather than for each year. This idea was described in Chapter 7.
With the data in its current form, the Manage = Manipulate = Row Statistics dialogue can be
used to look at summary values (Fig. 10.4b).

Fig. 10.4b Calculating summary statistics for Malawi data

Manage = Manipulate = Row Statistics
Manage = Calculate (x35 = x28/2)

e w2 | w33 | w3 | w3
Dekad Mean  Stdev  halfevap
Available data Statizticz required S e 1 1 =1 D 6.6
X127 <] |~ count 2 2 27 72 295
g ~ 3 1 80 88 03
¥z v Mean [#33 4 4 125 244 308
ﬁ ™ Mirimum g 5 154 190 313
. B | 6 245 34  343]
§§ | Masimum 7 7 591 451 275
W7 w i dew %34 g 8 E2E 390 25§
%8 2 sum E 3  B4E 489 243
[ Festrict data values 10 0 B44 488 233
r 11 11 EB49 8508 22§
12 12 E13 470 225

The calculation of the mean and standard deviation for each dekad is shown in Fig. 10.4b. The
mean is to be compared with half the evaporation, so that is also calculated, Fig. 10.4b.

Comparing x33 with x35 (Fig. 10.4b) shows that dekad 6 is where the mean rainfall first
exceeds half the evaporation. The results though the year can be plotted, see Fig. 10.4c.

This plot is sometimes used to give the "average" length of the season, i.e. the season is the
period during which the average rainfall (X33) is greater than half the evaporation (X35). Here it
is periods 6 to 19. It does give a first indication, though the difficulties in interpreting this type of
result have been discussed in earlier chapters, for example Section 6.5.

It is also useful to have an idea of the variability of the season length from year to year. The
start is easy. For example, defining the start of the season as the first decade with rainfall of
more than half the evaporation then the Start of the Rains dialogue, described in Chapter 6, can
be used. It is designed for daily data, but can equally be used with dekads. It is shown in

Fig. 10.4d, together with the results generated.
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Fig. 10.4c Plot of mean rainfall with evaporation/2

General Styles and Colours Auwes | Titles
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v |nclude legend

Fig. 10.4d Calculating the start and end of the season
Climatic = Events = Start of the Rains

Define the start of the rainy season Changes for the end of the season

Method Save day values into E arliest stg

" Simple v First = Al eh ﬂ 14
Available data Save dap values inta gtarting d
|’m J I—J _Il Ca Prewview |HUN ul-u2f; LESS; [RAMge

21 ~ §§$ =36 a7 w38
#2 ghart end pear
L
< fz NI 1 5 17 1954
ave quantities into rezho l_ 2 E 15 1955
#5 for rain i
HE » 3 4] 15 1956
Totalled u:uve 4 a 15 1957
] 7 18 1958
[ Plat rezults E ] 18 13549
Criterion for the start baged or; 7 8 15 1360
Amount exceeding ] 7 15 1961
[v Tatal rainfal q 4 14 1963
{ .
vl Fraction |0.5 of 11 11 17 1964
5 Fraction of —
2 evaporation | daily value |23 il G i Ll

The same dialogue may also be used for the end of the season, as indicated in Fig. 10.4d. The
starting dekad is changed, here to dekad 14, because that was the one with the highest mean
rainfall in the season, see Fig. 10.4c. Then we want to find the first dekad from 14, where the
rainfall is less than half the evapotranspiration. The option to look for less is not on the
dialogue, but it can be added to the command that generates the analysis, as shown in

Fig. 10.4d.

A summary of the results in Fig. 10.4d show the mean start is 6.2, very close to the value in
Fig. 10.4c. The mean of the ending dekads is 16.4, a long way from the value of dekad 19 in
Fig. 10.4c. The values each year are plotted in Fig. 10.4e, with the supposed average dekads
from Fig. 10.4c marked.
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Fig. 10.4e The start and end of the season

Starting and ending dekads (from Ist October)
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Comparing Fig. 10.4c and 10.4e shows that, if the value each year is available, then the
methods shown in Fig. 10.4d should be used. This calculates the starting and ending dekad
each year, and then averages these values.

The second topic involves examining the rainfall data through the season. Fig. 10.4a shows the
decade totals are often zero at the start and end of the "year". When analysing data with zeros
it is usually useful to split the analysis into two parts. The number of zeros is considered first
and then the non-zero values are analysed further.

If the data in Fig. 10.4a were transposed to be by decade, then the Climatic = Examine
dialogue, could be used. It includes an option to tabulate and graph the zeros. With the data as
in Fig. 10.4a, use the Manage = Manipulate = Row Statistics dialogue, as shown in Fig. 10.4f.

In the dialogue "restrict" the data to omit the zeros and include the count of the number of
observations.

Fig. 10.4f Dealing with zeros in data
Manage = Manipulate = Row Statistics
Manage = Calculate = x42 = 100*(27-x41)/27

. s X33 | K40 | K41 | w42
R SlalEtics — . bMea  Std rain | Znorain
Avvailable data Statistics required Eave 1 112 57 5 o5
SRS B =7 T PRI L)
=1 F 5 : :
X2 v Mean #39 4 199 285 17 370
¥ ™ Mininwm 5 | 231 190 18 333
i . B 423 303 22 185
- B il 7 | 531 481 27 00
X7 V¥ St dev. 540 g B5.0 377 28 37
%8 2 sum 3 546 489 27 00
[v Restrict data values - 10 B4.4 488 27 0.0
between[Ja1 11 7001 492 28 74
and | {1000

For example, Fig. 10.4f shows that the 3™ dekad in October had rain in 9 of the 27 years (X41).
Hence the calculation shows that 2/3 of these years were dry, (X42). In the 9 years with rain the
mean was 14.9mm and the standard deviation 9.3mm.

The percentage of years can then be plotted, as shown in Fig. 10.4g.
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Fig. 10.4g Plot of the percentage of zeros
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Now look at the non-zero values. The coefficient of variation is often calculated in climatic
studies. This is defined as

c.v. = 100 * (Standard deviation)/Mean
i.e. here x44 =100 * x40 / x39

Fig. 10.4h Coefficient of variation of 10 day rainfall data through the season
Manage = Calc = x43=100*x40/x39 Manage = Calc = x44=100*x34/x33

Graphics = Plot x43 by dekad Graphics = Plot x44 by dekad
CV in dekads with rain CV using all data

AO0 - 2004

200 - 2004

100 100

[:] T T T T |:| T T T T

3] 12 18 24 § 12 18 24
Dekad from October Dekad from October

Use the Manage => Calculations dialogue to give the c.v. for each dekad, using the non-zero
values, then graph the c.v. as shown in the left side of Fig. 10.4h. The coefficient of variation
seems roughly constant through the year, at about 80%. Its value is, of course, much less
"stable" at the start and end of the year, because there are then fewer non-zero values.

The c.v. is often reported in the summary of rainfall totals, but usually without omitting the zero
values first. This uses the results from our initial calculation of summary statistics, shown in
Fig. 10.4b. Repeating the calculation and plot gives the results in the right of Fig. 10.4h.
Although the shape looks impressive, a comparison with Fig. 10.4g shows that this is effectively
a very complicated way of giving the same information, namely that non-zero values are less
likely in the middle of the season!

The general message is that when there is obvious structure in the data, and here that structure
includes "dry decades", then take great care with any analysis that ignores the structure.
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Once the zero values have been plotted, as in Fig. 10.4g, check that the c.v. provides a useful
summary of the data. Often it is easier to interpret the mean, and perhaps the standard
deviation separately. Here, the dekad totals are very skew, hence using the standard deviation

is suspect. Often percentiles are more appropriate summaries. As an example, the data in
malawicr.wor were transposed, and then plotted as boxplots, Fig. 10.4i.

Fig. 10.4i Boxplots of the 10.day data

File = New, Manage = Data = Copy x1-x27 from malawicr to x1-x24,
then Graphics = Boxplot
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10.4.2 Year to year variation of the crop indices

After the preliminary analysis, the main task is to look at the crop index dialogue for each year.

Fig. 10.4j plots the crop coefficients for cotton and groundnuts. We start by looking at the cotton
data and then compare the water satisfaction index for the two crops.

Fig. 10.4j The crop coefficients for cotton and groundnut

General Styles and Colours
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In the analysis for cotton the soil water capacity is taken as 200mm. Then the dialogue is as
Fig. 10.4k.
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Fig. 10.4k The crop index for 27 years of data — 170-day cotton crop
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The results for the first year are given in Fig. 10.4k along with a graph for the final index for each
year. The dip to zero in year 10 is because it was not possible to sow in that year (1964/65) and
Instat gives a warning message in the output for X10.

Fig. 10.41 shows part of the Crop Index dialogue, with the option to save and plot all the values
for the index in each year. A single "stacked-graph" is chosen as the presentation and just the
first 9 years are analysed.

Fig. 10.4l Stacked graph of crop index for cotton

ation Iv' Save results into Index by perigd
3 e | oo YRl p—es
refficients ii? 5 : : : : W — 19567
ol > g : i : i v — 195715
49 i E i i v
ploon RS0 = 500+ : 5 5 5 I; qgggﬁgﬂ
& Save al : } 1 | [P —1960/1
Save final value , . . . v —1061/7
W Plotresults | Separate : : : : v — 1963/
" Caombined v ! ' ' '
° 1gerio1d5 “

The curious y-axis in Fig. 10.4] indicates that Instat's current graphics capabilities have been
"stretched". The presentation is useful as an exploratory tool. An alternative is to export the
numerical results, so that a more flexible graphics package can be used. Fig. 10.4m shows the
result, using Excel, which has all the information in Fig. 10.4] and has also differentiated
between the losses resulting from water logging and water shortage.
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Fig. 10.4m Variation of the crop index for 27 years of data from a site in Malawi.
L indicates a reduction due to waterlogging.
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With the crop performance index dialogue used as in Fig. 10.4k, the value of the final index
each year has been saved in X45. This column can now be summarised. Sowing was not
possible in one of the years (1964/5). Once this fact is noted, we put the value as "missing", by
typing * in row 10 of X45 in the spreadsheet window. (An alternative is to type X45(10) = * in
the Commands and Output window.) The results for the remaining years can then be
summarised, Fig. 10.4n.

Fig. 10.4n Summary statistics of the final index for cotton
Statistics = Summary = Describe

Available data Standard statistics Column WaL
wd5 ﬂ Count
e o Miriroum MNo. of obszerwvations 27
52 Y lEptrnmm No. not missing Z6
5 Minimum 65.634
w4 P Ma imum 100
#D Mean Range 34, 366
é? Standard deviation Hean o 81.746
" td. dewiation 9.7423
4 ¥ [ Additional statistics Count > &0 22
Count > 90 14
Count > 95 14
[~ Percentiles |count > 22,9 g |
v Proportions |> ﬂ|ED 903599.9 Z EE g:z: i Sg E:T
v EDuntSI v Results as percents 2 of data > 95 53.8
|% of data » 99.9 23.1 |

Fig. 10.4n shows that the index remained at 100 for 6 of the years, more than 20%. It was more
than 90 in 19, i.e. almost % of the years

In a number of the years the index dropped at the end of the season. Perhaps a 170-day crop
is too long for this site. A plot of the crop coefficients for cotton and groundnut was in Figs 10.4i
and 10.40 shows the use of the Crop Index dialogue for the groundnuts. Here the soil capacity
within the range of the groundnut roots was taken as 120 mm. We have also assumed that up
to an extra 180 mm (rather than the default of 100 mm) does not cause any harm to the crop.

The numerical results for the two crops are compared in Figs 10.40 and 10.4p. There were 2
very low values for the groundnuts, namely 1967/8 and 1972/3. In these years the index for
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cotton was low, but that for the groundnuts was even lower. In the other years the index for
groundnuts was never lower than 90. The most dramatic difference was in 1969/70, row 15,
when the index for cotton was its lowest (at 66), while the groundnuts were almost over before
the problems, and therefore had an index of 90. Note also that the index for groundnuts was
100 in 1964/5 when there was no sowing date for cotton.

Fig. 10.40 Comparison of the final index for cotton and groundnut

Manage = Remove(Clear) = X44-X75
Climatic = Crop Index

dain Starting/Continuation [rigation | Optiohs Manage = Calc
XA47=X46-x45

Rainfall data E vaporation [v Save resul w30 wan | wAE | w47

) - year cottor Ignut diff
A2 < xeB | J 45 _ 1 e _coltor lgnut_ il
é; # Lwop Coefficients éig 2 1955 97 100 3
. #29adnat] | ~| i 3 1956 100 1000 O
4 %49 4 1957 78 100 22
ég Eapacit@ 50 5 1958 91 100 4
s 2 ™ Save all 5 1959 84 100 16
7 1960 100 1000 O

8 1961 9 99 4

q 1963 97 100 3
Final index for cotton and groundnuts LU I BE=TE 100 |

11 1965 97 100 3

y . 12 1956 100 100 0
12 | [15967 74 B0 14|

14 1968 95 95 0
15 | | 1969 g6 a0 24)

16 1970 100 100 i

17 1971 86 100 14
18 | |97z 74 B3 B

19 1973 100 100 0

20 1974 100 100 0

¥ + |cotton 21 1975 97 100 3

= 22 1976 98 95 2

sol Mgt | L 23 | 197 93 w3 7

' ' ' 24 1978 91 100 9

1960 1970 1980 25 1979 100 100 0

yedr 26 1930 g2 95 13

27 1982 38 100 2

This example indicates how climatic data can be used to compare alternative cropping
strategies. Even with this simple index, it might now be instructive to look in more detail at the
years when one crop fared worse than the other. The main concepts of using a modelling
approach to indicate differences in cropping strategies are also unchanged if a more realistic
crop simulation model, is substituted for the simple FAO index.

Finally in this section a conditional question is considered. Suppose that in the current year
cotton was sown in period 4, and after 40 days the index was still 100 with the soil full. What
would have happened to the index thereafter in the past years, if the season had started in
this way? The main part of the dialogue is the same as shown in Fig. 10.4k dialogue to
investigate this is shown in. The conditional analysis tab was used and completed as shown
in Fig. 10.4p. The option was also used to display results only in periods when the index
changed. The results for one year (1980/81) are shown in Fig. 10.4q when the index dropped
to 91.
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Fig. 10.4p A conditional analysis with the water satisfaction index

{+ Conditional analysis m.fmalysis for rainfall data in xZ&
Continuing from initial conditions Total water requirement = 6Z3mm.
. . . ; 1 Period WE Ra Sur /Def | Index
Frarm rainfall period |2 . with soil water of | 200 - Date Crop mm . -
and crop peniod |5 and index of 100 - = 5 30.6 192.3 n.0 100
1 ] =] 34.0 z0o.0 Z01.2 a7
19 16 33.8 0.0 -8.6 96
20 17 29.2 0.0 -27.5 91
[Losz from surplus = 3.0 in 1 periods)

Some of the results are given in Fig. 10.4q. With the good start to the season, the minimum
value of the final index is 89. There were only 2 years in which there was a water shortage.
The other years in which the index fell below 100 were problems of water surplus. The results
can also be compared with the unconditional analysis, given in Fig. 10.4n. With this good start,
the results in Fig. 10.4q show that the index remained at 100 in 17, i.e. in 2/3 of the years,
compared to only 6 years from the unconditional analysis.

Fig. 10.4q Results from a conditional analysis

Final index for cotton, given a good early start Descriptive Statistics
100 Column Wa5
No. of observations 27
QD- Minimum §5.795
Mo imam 100
Fatge 11.205
Mean 97.814
Bl s e std. dewiation 3.3914
Count > 20 26
' ' ' Count > 95 21
1960 1970 1980 Count > 99.9 17
Yedr % of data > 920 96,3
% of data > 95 7.8
% of data > 99.9 63.0

10.5 Using daily data

If this index is used for a given site and crop for many years of data then the rainfall is the only
element that varies from year to year in this model. Hence the variability in the index is simply a
reflection of the variability in the rainfall. So one interpretation of the index is that it is a
summary of the rainfall, i.e. like the annual total or any other summary value.

However, unlike the annual total it is designed to be a relevant summary for a given crop and soil
capacity. It seems intuitively to be a useful summary of the rainfall and, when calculated over
many years of data, can give a rough comparison of the suitability of different crops and soils.

The index is thus just another event. It may be of value by itself or in conjunction with other
events, such as the sowing date each year or the longest dry spell in the growing season.

If the index is another "event", then there is no reason for summarising the data, into decade
totals, before calculating the index. Frere and Popov (1979) was written before many countries
had computers, and the hand analysis would be tedious with daily data. Now that the index is
no longer calculated by hand, the daily data should be used.

The example here is with the same data from Samaru, that was used in Chapters 5to 7. The
cotton crop coefficients are copied from Malawicr worksheet using Manage =Data = Duplicate
(Copy columns), Fig. 10.5a. Alternatively they can be copied to the clipboard from Malawicr
and then pasted into the samsmall worksheet.
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Fig. 10.5a Preparing to use the index on a daily basis
File = Open and open samsmall _wor
Manage = Data = Clear(Remove) x12-x60
Manage = Data — Duplicate(Copy columns)

w1939 1940 cotton
Copy columnz from 1 0 0 04 1 04
" Current worksheet & Anather work sheet 2 1] 0 04 1 04
3 1] 0o o4 1 04
YWorkzheet name 4 i EI 05 1 04
| malawicr 5 1] 0 0ok 1 04
B 1] o o7 1 04
Available data Fazte into 7 0 i 0.8 1 04
#adl K12 8 0 o0 03 |1 04
| 1] 0 1.06 1 04
%13 10 1] 0 1.06 1 04
w14 11 1] 0 1.06 2 04
Eg 12 0 0 105 2 04
417 13 1] 0 1.06 2 04
18 14 1] 0 085 2 04
15 1] 0 085 2 04
16 1] 0 075 2 04
17 1] 0 065 2 04
18 1] 0 2 04

Part of the Samsmall worksheet is shown in Fig. 10.5a. One minor complication, that the crop
values are on a 10.day basis and daily values are needed. This is a common general problem,
for example evaporation data may be on a decadal or monthly basis and there are daily rainfall
records. Here, for cotton, there are 17 values, corresponding to a 170-day crop.

Fig. 10.5b Expand the cotton coefficient

Manage — Data = Regular Sequence

Manage = Reshape = Expand

Entry of regular sequence

Available data I3l {x]

i Sequence © Single value " Dates I!H‘—ﬂ Im—

Sequence definition It w14
From 1 #13 §:I| g
T i
In zteps of |17 Fil from " Matching colurin With column

* Top :|T Iﬁ :|v
Repeat values Iﬁ - timez) “ Bow If;“ or matching walues 1o n I

Repeat zequence |1 tirme( ) ® e

One approach is in Fig. 10.5b. Frst enter a regular sequence as shown and then use the
Manage = Reshape = Expand dialogue. The resulting columns are also shown in Fig. 10.5a.

Evaporation data are also needed. For the illustration here a constant column with 5mm per
day for the 366 days is entered, using the Manage = Data = Regular Sequence dialogue again.

Then use the Climatic = Crop = Water Satisfaction Index, as shown in Fig. 10.5c. A soil
depth of 60cm was used and the same definition of the start of the season adopted as in
Chapter 6 with 1° May as the earliest planting date
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Fig. 10.5¢ Crop index for daily data

Main | Starting/Continuation lmigation | Options Main | | Starting/Continuation| | Irrigation | Op
o . .
Rainfall data Evaporation v Save results into S.tartlng Dptl_ﬂm
Rainfall or penod/day to start the seazon
A1 ﬂ I|><1 Slevap] I j |><1 B ﬂ f« Taotal © Fraction of evaporation © Fix
A0 - Crop Coefficients #16 -~ E arliezt period/da |1 22 4 |Caendar
H2(y1931] ey T _Ll =17 =
Haw1932] =18

HA4u1933 w19 X

XEB'IEB#} Capacit 1 %) " then rainfall » 5|20 ‘.—Imm aver | |2
[ G0

5B(y1935) H

~
#1936 hl
[ ] If;“ S ave final valuel

Fig. 10.5d Final index for daily data from Samaru for 3 different soil depths

#15 | ®16 | 17 =18 | ®19 | =20
evap_ Inds0 Lear Ind100 Indi S0 Final inclex for cotton at Samaru, Nigeria
5 90 11930 95 1IZIIII|
Eoa0 2 193 97 100 100
5 95 31932 100 100
5 i 4 1933 a3 =N
5 95 B 1934 100 100
E B8 B 1935 94 100 901
5 95 71936 100 100
5 95 3 1937 100 100
4] 28 9 193 34 100 aodA v # |ndfe0
5 100 10 1539 100 100 v -+ Ind 100
5 95 11 1940 95 95 v +nd 150
5
2 1930 1935 1940
Yagr

Fig. 10.5d shows the results for 3 different soil depth, 60, 100 and 150cms. the results are seen
to be sensitive to the depth. For example, in 1930 the final index is 90, 96 and 100 at the three

depths. With the deep soil the index is 100 in all but one year. The exceptional year was 1933,
when planting was very late.

10.6 Conclusions

This chapter has combined a discussion of the FAO index, with a review of some statistical
ideas, most of which were introduced in Chapter 7. The index is primarily a way of generating
further events, and seems of considerable value. While remaining simple, the indices provide a
summary of the rainfall data that can be interpreted for the growing season, in relation to one or
more cropping strategies.

This index is too simple to be viewed as a crop model in expecting it to closely mimic crop
yields, though it might be a useful variable (perhaps in conjunction with others) in a regression
study relating yield to climatic data. The use of regression to study crop-weather relationships is
in Chapter 11.

One reason for considering how to process the results from using this index with many years of
data is because the methods of analysis are identical if a more complex crop model is used.
With more complex models, it remains important to have facilities to look at the climatic and
other inputs to the model. There also still needs to be ways of running the model in a flexible
way, using climatic data from many years.
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Chapter 11 — Further Topics

11.1 Introduction

This chapter examines further topics that are important in the analysis of climatic data. Section
11.2 considers the estimation of risks and percentage points. This covers both the calculation
of the estimates and the evaluation of confidence intervals.

The use of the gamma distribution in the modelling of rainfall data is in Section 11.3. This
distribution is used here for modelling 10 day totals. In Chapter 12 it is used for weekly totals
and in Chapter 13 for daily values. In both these sections the estimation of the 20% point is
considered. With annual data the 20% point corresponds to a 5-year return period. Sometimes
estimates of higher return periods are required. This is usually to evaluate extreme events and
the analysis of extremes is described in Section 11.4.

The final two sections of this chapter deal with the important subjects of correlation and
regression. In Section 11.5 looks at the use and also the misuse of correlations in climatology.
Section 11.6 gives a brief review of how regression methods can be used to study crop-weather
relationships.

11.2 Estimating risks and percentage points

11.2.1 Overview

It is often important to estimate the proportion of occasions on which a certain event happens.
With climatic records, one example would be the risk of frost. There are a variety of ways in
which this risk might be estimated. If the question refers to a particular day of the year and the
minimum temperature has been modelled with a normal distribution, then the estimate is given
by the probability that this normal distribution is less than zero. An alternative is to look at the
data and record, for each year, whether the temperature on that day was less than zero. This
reduces the data for that day to a series of ‘0’s and ‘1’s, where we might code ‘O’ for
temperatures less than zero and ‘1’ for those greater than zero. The proportion of zeros is then
taken as the chance of frost.

A more complicated example is to estimate the chance that there is ever frost in the year. This
is important for crops such as coffee, which cannot withstand any frost. It is difficult if we have a
model of daily temperatures with, for example, a normal distribution and wish to use the model.
We consider one way this can be done in the section on extremes, later in this chapter. A simple
alternative, when there are many years of data, is to scan the data and record ‘0’ for any year in
which the temperature ever drops to zero and ‘1’ for the other years. If, from 40 years, there are
four years when the temperature dropped to zero, the estimate is 4/40=0.1, i.e. 10% of the years.

This calculation has, of course, 'thrown away' a lot of information. Although there is a
temperature reading every day of the year, these are all replaced by either a ‘0’ or a ‘1’ for the
year. Hence, the resulting estimate (10% in this case) is not very precise. However, it is useful
to have such a simple method.

Two situations can be distinguished. The first is where the original data are recorded as one of
two alternatives. For example, in a survey there might be questions on whether or not farmers:

i) were tenants;
ii) had crop damage;
iii) applied fertilizer in the last year;
iv) grew cotton.
Again, simple recordings of climatic data might just note whether or not there:
i) was rain;
i) or frost;
iii)) or Snow;
iv) or sufficient wind to generate power

without recording the exact amounts.
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The second situation is where more detail has been recorded, such as the actual temperature.
Users can then, if they wish, reduce such data to a simple ‘0-1’ form for analysis, as described
above.

In Chapter 7 there have been numerous examples of the estimates of probability (or risks). For
example: What is the probability of planting by the end of April? What is the probability of more
than 20mm of rain in a given 10 day period?

There have also been examples where percentages have been estimated, e.g. what is the 20%
point of the planting date? For annual records, this can be considered as a return period, i.e.
the 20% corresponds to the 100/20=5 years return period.

In this section we revisit the estimation of risks (probabilities) or return periods (percentage
points) and also how to give standard errors, or confidence limits, for these estimates.

11.2.2 Estimating risks

The dataset Samrain.wor contains data from Samaru, Nigeria, for 56 years, from 1928 to 1975,
for which the first stage in the analysis have been run, as described in Chapter 6. Part of the
resulting dataset is in Fig. 11.2a.

Fig. 11.2a Samrain.wor with ‘events’ from Samaru
File = Open From Library = samrain.wor

ak Current Worksheet - SAMRAIN. WOR

- | I:u:unstantsl Striﬂ93| Labelsl Title: IFlainfaIIEvenls,Samaru192E-E3
LG
ear Strtl Strt2 Stt3d Stred Dy Diln Dl End

1 1523 15 15 127 127 G G g 300
2 1329 1260 126 126 126 28 4 5 am
3 1530 08 133 133 133 13 7 = 288
4 1931 18 18 131 13 g 5 £ 288
] 15832 15 15 133 133 g 3 13 295
B 1533 156 156 166|156 14 4 B 234
7 1534 16 116 124 124 g 3 £ 291
g 1535 134 134 134 134 ] 3 4 288

5
-

ann

|

LN nialad 14 111 19 ERalal [

Here, the dates of the start of the rains in X2 and X3 are considered. X2 is the date of the start
of the rains using the definition described in Chapter 6, i.e. the first occasion after 1st April with
more than 20mm in 1 or 2 days. X3 uses the same definition as X2, but with the added
condition that there should not be a dry spell of 10 or more days in the 30 days after planting.

Thus, X2 can be interpreted as the first planting date and X3 as the successful planting date.
Now look at the differences between the two columns with Manage = Calculations and

calculate X10 (Fig. 11.2b) and then Manage = View Data = Display to look at X10
(Fig. 11.2c). This was one of the tasks considered in Section 7.6.
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Fig. 11.2b Calculate planting date differences
Manage = Calculations

Calculate E3

Fig. 11.2c Display the differences
Manage = Data = Display

Dizplay data

|><3 -R2 El D ata to be dizplaved
[ ata Avvailable Help | IX-I 0
P t | n

| | | | | = Rl ¥+ Commands and Output M=] E3

| 5|8 -] | —Il x10 -
LCancel 0 0 25 0 0 0 0 0
| | | | | o o0 19 o o 0 4 0
£&pply | @ o 0 @ 5 0 @0 47
: | | | | - 0 0 0 0 0 3z 0 0
: = o4l 0 1 ] i 0 3l
m 0 4z 0 ] o 31 43 ]

0 0 0 0 0 o 0 0

1] | | 4

Fig. 11.2d shows there are 11 observations where the difference is non-zero, i.e. the first
planting date was not successful. Instead of manually calculating the non-zero cases, use

Manage = Reshape = Select, (Fig. 11.2d) followed by Statistics = Summary = Describe and
choose X11, (Fig. 11.2e).

Fig. 11.2d Select non-zero cases Fig. 11.2e Results

Manage = Reshape = Select Stats = Summary = Describe

Seect g D ccriptiv Statistcs

{* Select by condition = Select by factor values Avallable data
IK'I'I £
Available data Inta [~ Transpoze —l
w10 LI 11 LI [ Ferers &+ Command: and Dutput M=] E3
HE(D k) - =11 - AI
%7 [Dran] [ %12 Hel DES 11
WA w13 Dep |
%9(End %14 Column x11
hj' #15 LI Reset |
Nao. of obserwations 11
Cancel | Minimum 15
Caondition far selection - M Tram 53
- Range 35
’7|><1E| 310 J [~ Show calculator oK I Moan a2
td. deviation 11.411 -
1 | .

There are many ways that the analysis can proceed. For example Fig. 11.2e shows that the
first planting date was not successful in 11 out of the 56 years and in those years, the extra time
before a successful planting had a mean of 35 days with a standard deviation of 11 days.

Here, of particular interest is that the first planting failed in 11 out of the 56 years, i.e. the risk of
failure is 11/56=0.20 or 20%. This sort of information can help in comparing alternative planting
strategies. For example, X4 and X5 give the same definitions, but with 1st May as the earliest
planting date. The risk can be evaluated similarly as 4/56=0.07 or 7%.

This does not necessarily mean that the 1st May strategy is better. It is safer, but has lost the
chance of planting in April and hence of having a longer season. Further analysis of ‘Strt2’ (X3)
in Fig. 11.2f shows that in 18 years, i.e. 32% of the years, there was a successful planting
before the end of April (day number 121).
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Fig. 11.2f Proportions for X3

Fig. 11.2g Results

@ Conmands and Output

Aovailable data — Standard statistics — Column Srrez jl

P £ Count
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KE[S“” ] — b amirmurm Minimum o6
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%7 [Draln] | | Standard deviation srd. deviation 19.317
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<[End) >l ddiional statistics % of data <= 121 32-l_|j
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[~ Percertiles I | &

¥ Proportions |<=j|121
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Once risks have been evaluated, e.g. 11/56=20%, it is important to calculate the precision of the
estimates. Use the Statistics = Simple Models = Proportion, One Sample as shown in

Fig. 11.2h. This dialogue can be used in two ways and both are shown. on the first is to use
the data in X10 directly, defining the value 0 (i.e. no difference between Strt1 and Strt2) as a
success. Alternatively, if the summary values are already available, here 45 out of the 56 years
then this can be used as shown in Fig. 11.2h. Similarly, confidence limits for the risk, which is
11 out of the 56 years are given by subtracting 1 from the proportions, or by rerunning the
dialogue with 11 out of 56, rather than 45 out of 56.

The results are shown in Fig. 11.2i.

Fig. 11.2g Proportion, One sample dialogues
Statistics = Simple Models = Proportion, One Sample

One proportion - binomial model

—Data

Layout

Single data column j

[rata Columnn
|><1 1] - I

Success iz

i~ Larger value

i~ Greater than

—Analyziz
— Method: —

v Eua
[~ Momnal

[ Simple r

Confidence Le:

Sigrifizance
Test r

Save [
Plat with con

[ Plat

174

Successes

Failures

H One proportion - binomial model

—Data

Lavout

C |5ummar_l,l values ¥ j

1| Sample Size [n] IEE

One proportion - binomial model

—Data

L apaut

Sample Size [n] IEE

1 Succeszez[r] 1|
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Fig. 11.2i ‘Success’ and ‘Failure’ of planting

Success

Exact results:

Binomial model,

Zingle sample

Sample size 56
Juccesses 45
Proportion 0.304

95% confidence interwval for prop. 0.e76 0.89a
Failure

EBinomial model, single sample

Sample size 56

Juccesses 11

Proportion 0.196
Exact results:
95% confidence interwval for per.| 0.102 Lo 0.324

The dialogue in Fig. 11.2h, used the default option and calculated exact confidence limits for the
proportion. Fig. 11.2j shows same dialogue, but with the Simple normal (approximate)
confidence limits. This is what was described in some textbooks and can be calculated ‘by
hand’.

Fig. 11.2) Normal approximation to confidence interval

One proportion - binomial model Ed |

—Data —Analyziz
L ayot Fethiod:
ISummar_l,l values j [ Exact

v Simple nomal [zemmetrical]

Confidence Level: |95 v1 %

Sample Size [n] IEE

Succeszes 1] hE ?gﬁ“mervma
One proportion - binomial model =]

EINomial;stats 56 45:30Ccess 0:3IMple
Einomial model, single zample

Sample size 56
Successes 45
Proportion 0.504

Approx 3.e. of proportion = 0.053

Simple normal approximation: = |
95% confidence interval for prop. 0.700 to 0.90s5 -
4| | 4

The calculations in Fig. 11.2j uses the fact that the standard error of a binomial probability is
VI(p(1-p)/n)], here  [(0.20*0.80/56)]=0.053 or 5%. Hence, with the normal approximation to the
binomial distribution, the approximate 95% confidence limits are

0.20 £ 1.96 *0.05,i.e.0.1t0 0.3
Thus the true risk, which is estimated as 20%, is likely to be between 10% and 30%. This
uncertainty in the estimates of the risks has to be born in mind when interpreting the results.
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11.2.3 Estimating percentage points (return periods)

Chapter 7 showed it is straightforward to estimate percentage points or return periods. Use
either the Statistics = Summary = Column Statistics or Describe dialogues, Section 7.2 or
Climatic == Process dialogue, Section 7.4. For the data in Strt2 (X3), with the 20% point, the
result is day 115, i.e. 20% of years have a successful planting date by 24" April.

The analysis can be extended to give confidence limits for this estimate. With Instat, this uses a
macro called quantile.ins. One way to run the macro is to type : @quantile x3 20 in the
Output and Command window. The results are shown in Fig. 11.2k.

Fig. 11.2k Confidence limits for a percentage point

! [fgquantile =3 20 (=]
Rotr Lo Hi %la up % Dlao Dhi

1 f 16 5.1 a5.7 90,6 110 114

2 5 16 2.1 a5.7 93.6 109 114

3 f 17 5.1 97.5 92,7 110 120

4 5 17 2.1 7.5 95,7 109 lZI:Il

stimate of 2Z0% point
115 j

Fig. 11.2j, shows that the estimate is day 115, i.e. 24th April. Because of the discreteness of
the binomial distribution an exact 95% confidence interval is not possible and the macro has
given 4 possibilities. From the column in Fig. 11.2j called %, the last line is seen to be the
closest at 95.4% and this corresponds to the 5th and 16th observations in the ordered data, with
corresponding observations shown to be days 111 and 122. Hence the approximate 95%
confidence intervalis from 20th April to 1st May.

For those who wish to understand how these calculations work, the method is given from first
principles in Fig. 11.2k and described below.

Fig. 11.2] The 20% day for a successful start of the rains is day 115
Statistics = Summary = Describe

Available data — Standard stati

3 il Count Colunn Atrel

=1 vear - b irirmLirn No. of ohservations L1
#2[Shi] b airniuam Hindmum 26

= A(SHE2) A Maximm 176
=[Stk 3) el E:naﬁe 122
ig{g?ta}] Mean Std. dewviation 19,317
K?[Drfdn] Standard de 2|Dt:h percentile 115
=Bl — | -
XA(End) =l 1 addiionals L | v
¥ Percertiles |2E1 | |

176 03 January 2006



Instat Climatic Guide 11 — Further Topics

Fig. 11.2m Sorting the data Fig. 11.2n Values for the probabilities
Manage = Manipulate = Sort Manage = Data = Regular
Sequence
Sor ]
Lolurnns to be sorted Inbe {* Sequence ( Singlewalue Dates
%3 <] <2 < -
iivea] 13 — Sequence definition Inta
13 :I I I><13
P :I w14 Fiem 0
HA[SHht3) ®15
5G] = T o Te [55
#E[DM) = %17 = nstepsof T
. nsteps et |1 Fill from—
i Ascending
. @ Top
i~ Descending
Help | Rezet | Eancell (]
Fig. 11.20 Probabilities Fig. 11.2p Results
Stats = Prob. Distribution (after X15=cusum(x14))
X2 | x12 | x| x5 |
* Probabilities € Percentiles € Expected Frequencies 1 9E 0 0.000 0.000
2 100 1 0.000 0.000
— Probability distribution 3 107 2 [.ooo 0.000
Distribution tvpe Distribution parameters 4 108 3 .00z 0.0z
Biramnial d! Mumber |_55 5 109 4 0.005 0.007
B 1 8§ 4 el
Preb o2 7 110 5 0030 005
a 111 7 0.053 0104
9 113 a n.0a1 0186
— Dnata walues 1':' 114 9 D1 I:IE DEES
gl val 11 115 10 0127 0.420
ais vals 12 115 11 0133 0553
= Multiple values 13 115 12 0125 0678
f* Yalues in data column [%13 - _1 4 1E 13 0.105 0.783
15 118 14 n.0a1 0.864
16 118 15 0.087 0.921
17 118 16 0.036 0.957
18 120 |17 0,021 n.a7a]
|><1 4 j 19 122] 13 noz 0.930
Reset | LCancel | |:
The results in Fig. 11.2p show that
a) Prob(less than or equal to 5 successes) =0.021
b) Prob(less than or equal to 17 successes) =0.978
We are looking for values that are close to 2.5% and 97.5% and these are close. The
approximate 95% limits are given by the corresponding observations, which can be found
from the sorted data in X12(5)= 109 and X12(17)= 120. Thus, the 95% interval is given by
days 109 to 120 or 18th April to 29th April.
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11.2.4 Percentages using a normal distribution

The analysis in the previous section was of the type that is called 'non-parametric’ or
'distribution-free'. This is because the analysis used just the observed observations and
assumed no particular distribution for the starting dates. The analysis above does make the
assumptions that the years are independent of each other and are from the same distribution.
One alternative is to fit and use a normal model to the data on starting dates given in X3. The
Climatic == Examine dialogue, introduced in Section 7.3 includes the option to give normal
probability plots. Here the analysis is taken with the Statistics = Simple Models = Normal,
One Sample dialogue for X3 (Fig. 11.2I).

Fig. 11.2g Normal, one sample dialogue (Tinterval)
Statistics = Simple Models = Normal, One Sample

Simple Models - Hormal Distnbution, One Sample

—Data —Analyziz
Layout Farameter

Single data column bean (tirterval] =

Drata Column
IKS[S b2 - I

Confidence Confidence I 1|rI O
[Ftemal > Lewel: #

Simple Models - Normal Distribution, One Sample B
TINt 'Strcld!
Normal model, one samnple
Column JLELZ
SJamnple size S6
Minimum 26
Maximum 176
Range a0
[ Mean 133 |
3td. deviation 19,317
|Ftandard error of mean = 2.5813' with 55 d.L.
95% confidence interwal for mean 127.83 to 138.17
H -
1| | 4

The results in Fig. 11.2q show that the mean date of the start of the rains is estimated as day
133, 12th May, with a standard error of about 2.6 days. With the assumption of a normal model,
the mean equals the median. The median is the 50% point or 2 year return period.

Next, the 20% and 80% points (i.e. the 5 year return periods) are estimated. This uses an
option in the same dialogue, Fig. 11.2r. The additional results, with a plot, are in Fig. 11.2s.

178 03 January 2006



Instat Climatic Guide 11 — Further Topics

Fig. 11.2q Estimating percentage points

Simple Models - Mormal Distribution. One Sample

—Data —Analysiz
Layowt Parameter
ISingIe data calumn j IMean [t-irterval] j
[rata Colurn

|><3[5trt2] - I

Confidence Confidence I - I b
[ntenal e Lewvel: i

Significance
araphs -~ =
[ Probability /v Confidence |II'|'|I|:S .............. Est_lmate/a v |2EI ol j
" Bk obzervation ™ By samo
[rata
= Points € L

Fig. 11.2r The estimated 20% and 80% points with confidence limits

Range a0 T
Mean 133
std, deviation 19.317 + -lMeDaﬂ
* 20%
0
ttandard error of mean = 2.5815 with & 160 4 i -+ 50%
+ St
B5% confidence interwal for mean 127.83 i
+
Eztimated Approximate 95%
. — o 140
B value s.e. confidence limits o
=0 116.7 3.011 110.1 1l22.1 (] E
] 149,33 3.011 143.9 155.9
v J
120 T
T i
1001 +
==
1
Sample

The results show the estimate of the 20% point is day 117 (i.e. 26th April) with 95% confidence
interval from day 110 (19th April) to day 122 (i.e. 1st May). The results from the distribution-free
and normal distribution approaches are therefore seen to be similar.

These results can also be calculated from first principles. The Statistics = Probability.
Distributiondialogue is used in Fig. 11.2s to estimate the 20% and 80% points, using the
normal distribution with the same mean and variance as the data. The results, in Fig. 11.2t
are the same as in Fig. 11.2r
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Fig. 11.2s Percentiles from the normal Fig. 11.2t Results
distribution

Probability Distributions Probability Distributions

= Probahbilities |+ { Espected Frequencies ENTer ¥40:D&Ta 20 &0
: PER ¥40 X16:M0Fmal 133 19.317
— Probability diztribution Normal dist. Mean 133 and =s.d. 19.32
Distribution type Diztribtion parameters Fercentage Value

20% 116.74
Marmal j Mean |'|33 anf 149,28
St dew, I'I 937

— Percentage pointz
= Single value
% Multiple walues 2080

The formula for this 20% point is
133-0.8416 * 19.317 = 116.74
because the 20% point of the standard normal distribution is -0.8416.

The standard error of the estimate is more complicated than when estimating the mean.
It is given approximately by:

V[ s%n + (-0.8416)> * (s%/(2(n-1)))]
i.e. : 7 SQR(19.31722/52+(-0.8416%19.317)"2/(2*55)) = 3.011 or about 3
days
and the 95% confidence interval is approximately twice the standard error, i.e.

117 - 2*3 days (day 111 or 20th April)

117 + 2*3 days (day 123 or 2nd May)
Similarly the 95% confidence limits for the 80% point is roughly day 149 — 6 to 149 + 6,
i.e. 22nd May to 3rd June.
The results are usually be close to, but not exactly the same as those from the Normal,

One Sample dialogue, Fig. 11.2r, because Instat uses a better formula, based on the
non-central t-distribution.

11.3 The gamma distribution

The gamma distribution is commonly used to model rainfall amounts. The Climatic => Process
dialogue, used in Section 7.4, showed that 4 models were possible, see Fig. 11.3a. In Chapter
7 the distribution free analysis was used. Section 11.2, showed how the normal model is

sometimes applied. The other two options involve the gamma model, which is described here.
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Fig. 11.3a Climatic = Process dialogue

Calculating probabilities [risks] or percentages [return periods]

]|

Fig. 11.3b Dekad data

File = Open From Library =
Samdis56.wor

EE Current Worksheet - 5 amdisb6.wor M=l B3

Available data — Results Results to H Eonstantsl Stringsl Labelsl Title: Im

1 < ? Percentates [« becimals < RF | R0 | Ri17| K12 | K1F | <id |-
HIANowd] - Frobabilfies ®37 ;I Mard | Aprl  Ap2 Apd Mayl | May2
igé%gzzg | = ﬁgg = 1 4165 0 0 5614 G663 59.94

36D eca) j 2 127 152 i 0 4821 2546 =
KeepX 3 0 508 243 38 1041 7645
v Graph I 0 4 0 553 0 574 4242 2159
_fEDI:::;r::;ucmm Name f? data Cﬁl;mlmlm _gug?;tribution-free g g 15 ?‘g g Egg; ::3215 1?;1?3

e of data . . . -

" Ordered ('“P[I)Jiscrete " Momal 7 1] 01752 &HhE8 4013 1346
" Equally spaced {* Continuous " Gamma g i} 0 0 94 188 3708
£ Circular " Mixed | Binomial/Famma 3 0.76 0 533 5318 4673 EE54
10 0 2188 i 0 772 9.39
11 0.25 01543 5205 933 G274
12 14.99 01219 0 2433 &B3.09
13 0 0 0 2667 2483 38R
14 0 1651 183 457 35 40359
15 I] 0 914 4368 14224 343

16 0.25 0 076 051 8E3 7773 ~=

Help Fiezet Cancel | ok LI J _,I_I

Fig. 11.3b shows the data that will be used in the subsequent examples. They consist of the 36
rainfall decade totals for the 56 years of the record at Samaru, Nigeria.

The normal distribution is often used to model rainfall totals. The normal distribution is
symmetric, so it is not suitable for modelling data that has a skew distribution. This is commonly
the case, as is indicated by the first histogram in Fig. 11.3c. Skew data may be transformed in
an effort to fit a normal distribution, but this is not always satisfactory, partly because a different

transformation may be required for successive periods.

In the pre-computer age it was sometimes useful to transform because the normal distribution is
easier to handle. Now, with computers, other distributions are equally tractable. The gamma
distribution is popular, partly because its flexibility (see Fig. 11.3f) means it can be used to
model rainfall amounts on time scales ranging from less than a day to a year.

Use Graphics => Histogram dialogue (for example Fig. 11.3c for April 1 to 10th) to produce

the graphs in Fig. 11.3d

Hiztogram

“ariate to plat;

|><1 Of&pr) - I

Fig. 11.3c Histogram dialogue

Graphics = Histogram

¥ Interval width |5_
[ Mumber cf clazses

[T -awiz range

[+ Graph colours

[T Save

|
— Colours
Border

Blue

J

-

Background
w'hite -

]

Fill zalaur
wwhite -

]

Fill pattern
Solid v

Plat title: IHainfaII totals for April 1zt ta 10t

Help |

Rezet Cancel

]

Text and Axes

]

Black. -

03 January 2006

181



11 — Further Topics Instat Climatic Guide

Rainfall totals for April 1 to 10 Rainfall totals for June 1 to 10
15

Section 11.3.2 introduces the gamma distribution and shows how probability calculations can be
performed. Section 11.3.3 then demonstrates how it can be used as a model for the data in

Fig. 11.3d. The June data are used first because they do not have the added complication of
zeros. The problem of zeros is tackled in Section 11.3.4, when the April data are analysed.

The period (1-10) April was dry in 32 of the 56 years.

11.3.2 Properties of the gamma distribution

The gamma distribution has 2 parameters, u and k. The parameter p is the mean of the
distribution and the value of k dictates the shape. The Statistics == Probability Distribution
dialogue may be used to look at a range of distributions, including the gamma. It is shown in
Fig. 11.3e for u=10 and k=1.

Fig. 11.3e Plot of gamma probability distribution for =10 and k=1
Statistics = Probability Distribution

Probability Distributions 0.1
" Probabilties © Percentiles © Expected Frequencies ¢ Flat 0.08
~ Probability distribution 0.06
Distribution type Digtribution parameters
0.04
G amnma j Mean I'I 0
Sample size I Shape |-|| 0.021
0 B—
1 I 1 I 1
5 10 1% 20 25 30
— Graph of digtribution *

More examples are shown in Fig. 11.3f. Low values of the parameter k are the shape that
corresponds to daily data, while higher values give the shape for monthly or even annual totals.
When k=10, the shape is similar to a normal distribution.
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Fig. 11.3f Plots of gamma distributions for u=10 and k=0.5, 2, 5 and 10

Thus the gamma distribution may be used to model variables that are continuous and positive.
The gamma function is I'(k) = (k-1)! (i.e. ‘(k-1) factorial’), when k is an integer.

As with the normal distribution, probabilities and percentage points cannot be calculated
algebraically. Probabilities and percentage points for gamma distributions are available in
statistics packages, including Instat, where the Statistics => Probability Distribution
dialogue is used.

The mean of the gamma distribution is p and the variance is (2/k. Thus the coefficient of
variation is 100/7(k). The coefficient of variation is therefore greater than 100% when k is less
than 1, which is often the case when modelling daily data. It is sometimes thought that there
is something wrong with data if the c.v. is greater than 100%, but this is not necessarily the
case. The c.v. is not a useful summary for skew data and the gamma distribution is very skew
when k is less than 1. The skewness of the gamma distribution is 2/(k) and is always
positive. For large values of k, the skewness is low and the gamma distribution is similar to
the normal distribution.

Two special cases of the gamma distribution are important in their own right. When k is 1, the
distribution has a particularly simple form, namely

p(x) = (1/u)*e™ u>0,x>0
This is the exponential distribution and the example plotted in Fig. 11.3e. The mean is pn and
the variance is /2, i.e. the coefficient of variation is 100%.

The second special case is when k is either a whole number or a half integer and the mean is
2k. This is the chi-square distribution with 2k degrees of freedom.

11.3.3 Fitting a gamma model to 10 day rainfall totals

The example uses the 56 rainfall totals for the period 1-10 June. The histogram in Fig. 11.3d
shows that the data are skew, though not markedly so. To provide a basis for comparison,

Fig. 11

.3g shows some results from the distribution-free approach that has been used in earlier

chapters. The results include different percentage points, for example
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Fig. 11.3g Summary of rainfall totals for 1-10 June
Statistics = Summary = Describe

Descriptive Statistics

Ayailable data — Standard ztatiztics —

416 LI CoLnt

=10[Apr1] = MiriirnLirn

§:II ;Eiprg% b airnim
[

13 (May) [ Herez

=14[Mayd] Mean

#15k 3.3 Standard deviation

51 Fldun)

#18[un3] LI [T Additional statistics

¥ Percentles  [1020508050 |

These observed values will be compared with the estimates from the gamma model. The first
step in this modelling process is to check whether the gamma model is suitable. Either the
Climatic = Examine, Fig. 11.3h, or the Graphics = Probability plot dialogues may be used to
give a probability plot for the gamma distribution as shown in. If the model is appropriate, the

graph should be roughly linear.

Column Junl
Mo. of obserwvations 1
Minimum 0.6
Maximum 106,43
Range 105,83
Mean 44,795
3td. dewiation 27.44d1
10th percentile 12.8438
Z0th percentile 21.08
Z0th percentile 35.05
G0th percentile 71.012

o0, 063

90th percentile

¥l

Fig. 11.3h Probability plot of gamma
Climatic = Examine

Explore Events x

Available data
=16 £

7 4[Maw2]
o1 5[ awd

= Time sefes graphs

£ Summary values

= e E=ploratary plats

" Zeros or other values

217 und o
541 EEJ uﬂg} " Mizssing Values

#190ul] LI % Probability plats
— Probability Plots
" Empirical

" Momal
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" Exponential

[T Plat data on ¥ axis

[ Give limits for data axis

" Extreme value

The result in Fig. 11.3h looks reasonably linear, except possibly for large values. To show the

Gamma Probability Plot of Jun1

1001

o

Diata

501

Q 50 100
Zamma

modelling process we now fit the gamma model, but return to the possible problem later.
The process of fitting involves estimating the unknown parameters, 1 and k of the gamma

distribution. This is shown in Fig. 11.3i.
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Fig. 11.3i Fit a gamma model to rainfall totals for 1-10 June
Statistics = Simple Models = Gamma

Fit a Gamma Distribution

£ Single colunin = Multiple colurm GAMma ¥16:MiX
D ata ta be fitted E stimation methods o lumr Junl
|><1 Elunl) j No. of chservations 56
WV Maimum likelihood Ho. greater than 0 56
Percentage 0O 0.0%

[ Method of maments

Method of Maximum Likelihood
muhat 44,7954 with =.e. 4.14842
khat 2.08215 with =.e. 0.36635

The results from Fig. 11.3i show that the estimate of x, £z = 44.8mm and k =2.08.

The Statistics = Probability Distributions dialogue is used to give probability and percentage
points for a gamma model as shown in Fig. 11.3).

Fig. 11.3] Percentage points for fitted gamma model

Statistics = Probability Distributions

Probability Distributions

{” Piobabilties ' Percentiles ™ Ewpected Frequencies |pamma dist. Mean 44.5 & k of 2.08

Percentage Walue
— Probability distribution 10% 12.355
Drigtribution type Distribution parameters 20% 1g.9z21

Lk 37.861
Gamma j Mean I‘M'E BD;: AN
Shape |2.EIE= 80% BA. 333

— Percentage pointz
" Single value
+ Multiple values I'I 020508090

The results in Fig. 11.3j are seen to be very close to those in Fig. 11.3g observed from the data.
Observed from data Gamma model

10% 12.8 mm 12.0 mm
20% 21.1 mm 18.6 mm
50% 35.1 mm 37.7 mm
80% 71.0 mm 67.0 mm
90% 90.1 mm 86.9 mm

The process above shows it is now easy to fit and use the gamma distribution. The extra
complexity of such a model, compared with the normal distribution, is no longer important
because computer programs are available.

The use of probability plots to check the data, and the method of fitting the gamma model, are
now described in more detail.

03 January 2006 185



11 — Further Topics Instat Climatic Guide

186

The steps to get a gamma probability plot are shown in Fig. 11.3k. In Fig. 11.3k the
parameters of the fitted gamma model are saved into x37. Then the sorted data are in x38,
with the fitted values from the gamma model in x41. The resulting plot is essentially the same
as in Fig. 11.3h.

Fig. 11.3k Gamma probability plots from first principles

warn off g5 Current Worksheet - 5amdish6.wor M=] E3

gauua xl6; nax x37 | Eonstantsl Stringsl Labelsl Title: I‘”:I day
gort xlé =38
enter x39; data [1]56) KAT | X3 | %39 [ Wa0 | x4l | e
%0 = 100%x39/57 data_mm rnodel
1 4479 0B 1 18 48 —
percent x40 into x4l;gamnma X37 2 |2.082 5B 2 a5 E4
name x35 'data_pm':name x4l 'model 3 |0 6.3 £ 53 8.6
enter =sl; data x 4 |[BB 21 4 70 101
line x35 1 1 64: =zymbol =38 1 1 &4 5] 102 5] 28 115
plot x35 51 x4l;nol; tit"Probability plot” [ 14.0 B 105 127
7 155 7 123 14.0
g 185 g 14.0 15.1
9 201 g 158 16.3
10 211 10 175 17.4
11 211 11 193 185
17 M 17 M 19 T
] i »

The curvature in Fig. 11.3h is now considered in more detail. One obvious step is to see
whether the shape is similar for other decades. This is easy to do with the Climatic =
Examine dialogue, Fig. 11.3h, which allows multiple columns to be specified. The result is
that the periods round June, have a similar curvature, but those at the end of the season do
not. In a more substantial study it would be useful also to look multiple sites.

The gamma model usually fits better than this, so a further query could be whether the daily
rainfalls follow a gamma model. Fig. 11.3I plots the daily values on the 209 rainy days in the
June 1-10 period during the 56 years and they seem to fit a gamma model well. So it seems
to be the action of totalling that might cause the lack of fit in the 10-day data.

Fig. 11.3I Probability plot of daily data

Gamma Probability Plot

Draily rainfall datain 1-10 June

G0
©= 40
[xN]
0

20

[:I- T T T
0 20 40 G0
Zamma

On the fitting process, two general methods of estimating parameters from any distribution are
a) the method of Moments
b) the method of Maximum Likelihood
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The method of moments is usually straightforward. It consists of equating the sample
‘moments’ - these are the mean and the variance - with the population values.

For the gamma model equate
X=g, S"=p*lk ie. g=Xx k=x*/s°

Fig. 11.3d shows that X =44.8mm and s=27.4mm. Hence [1=44.8 and k =2.67. To use the

gamma dialogue to give these results directly, use Statistics => Simple Models => Gamma
(Fig. 11.3h), with the methods of moments option. The maximum likelihood estimate was

shown to be k =2.08.

With the gamma model, the maximum likelihood estimator of x turns out to also be the sample
mean,i.e. g=X.

The method of maximum likelihood is often better than the method of moments giving more
precise estimates of unknown parameters, i.e. they have a lower standard error. However,
the calculations are sometimes more complicated.

For the gamma model, the maximum likelihood estimator of k cannot be written down
explicitly, but an approximate value is

k =(1+(1+4y/3)) 4y where y=log(X ) - Z[(log(x)/n]
This translates into Instat commands as
: X37=In(x16)
: k1=In(mea(x16))-mea(x37)
: k2=(1+sqr(1+4*k1/3))/(4*k1)
:? k2

2.085 (K)
The exact value of the maximum likelihood estimate may be found by solving the equation
log( K)-w(Kk) = log(X )-2[log(x)/n]
where (k) (pronounced ‘psi’) is the digamma function. It has to be solved iteratively, i.e.

start with an approximate value (the method of moments can provide this), then ‘home-in’ on
the value of k for which this equation holds.

Once a statistics package has been programmed to give the estimates of the parameters, the
complication in calculating the maximum likelihood estimate, k, compared with the method of
moments, k become irrelevant to the user.

11.3.4 Analysing data with zeros

The analysis is slightly more complicated when there is a chance that the whole period is dry
(i.e. the 10-day total is zero). This problem is considered with the data for April 1-10 from
Samaru, see Fig. 11.3b. There was no rain in that period in over half the years. One way round
the problem is to add a small (arbitrary) amount to each zero. This is a common method, but it
should not be done. It hides the problem, whereas the fact that there are zeros is important
information. A better alternative is to analyse the data in two parts.

(i) Assess the chance of zero. In this example the 56 years have 32 ‘failures’ (i.e. no rain in
the period) and 24 ‘successes’. If years are independent and there is no trend, this is an
example of the binomial distribution.

(i) Fit a gamma distribution to the non-zero values

The analysis for the April data is shown in Fig. 11.3m. It is simple in Instat, because the gamma
dialogue (for the fitting) and the probability and percentage dialogue (for the estimates) have
been extended to cope with the two components of the model.
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Fig. 11.3m Gamma model for rainfall totals for 1-10 April
Statistics = Simple Models = Gamma

Fit a Gamma Distribution

¥ Single columi = Multiple col. GaMma X10:MAX
[ ata to be fitted E stimation methads—— CoLums Aprl
0. of ohservations Le
W Masirmun likelihood 0 FRALIEs el i (Dt
Percentacge 0 S7.1%

[ Method of moments

Method of Maximum Likelihood

mihat = 15,22 with =z.e. 2.37949
khat 1.70471 with =z.e. 0.452173

Thus the output from the Gamma dialogue in Fig. 11.3m includes the fact that 57% of the
observations are zero and there are just 24 non-zero observations. The gamma distribution,
fitted to these 24 values has a mean of 15.2mm and shape parameter of 1.7.

To use this model, first consider how to estimate a probability and take, for example, the chance
of less than 10mm.

Fig. 11.3n Probabilities from the gamma model
Statistics = Probability Distributions

FLlbels F ST e Probability Distributions
Gamma dist. Mean 15.22 & k of 1.7 with 57.1%
Value - x Probability < =
— Prabability diztribution 0 0.5710
Digtnbution type Distribution parameters 10 0.7438
Garmma with zeros j Mean |1 g o2 ig g aggi

" Find probability that = > Shape |1 70 — ’
% Find probability that » <= % Zeros IE?.1

— Data values
" Single value
& Multiple values {01025 50

" Walues in data colurnn

Fig. 11.3n shows that 74% of years are estimated to have 10mm of rainfall or less, in this
decade. The estimated percentages of years above, may be compared with the descriptive
summary. This shows that 42, 51 and 56 of the years had less than 10mm, 25mm and 50mm in
that 10-day period, i.e. 75%, 91% and 100%.
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Fig. 11.30 Percentage points

Probability Distributions

" Probabilties &+ Percentiles © Expected Frequencie:  |Gamma dist. Mean 15.22 & k of 1.7 with 57.1%

Percentage Value
— Probability diztribution 50% ]
Distribution type Digtribution paramets ST s
- Q0% 21.493
Gamma with zeros j bdean 18.22

Shape |1 il
2 Zeros IE?.1
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{ Single value
&+ Multiple values |50 8090

" Walues in data colurnn

Calculating percentage points is equally straightforward and Fig. 11.30 shows the estimated
50%, 80% and 90% points of the distribution which gives 0, 13mm and 21mm. (The observed
percentage points, without assuming a gamma model, are 0, 17mm and 25mm).

For those who wish to understand the calculations when there are zeros in the data,
Fig. 11.3p gives the same results, but without using the special facility in Instat to cope with
zero values. The steps are as follows:

e Select the non-zero values

e Count how many there are

¢ Fit a gamma model to these data

Now to estimate the overall chance of less than 10mm (or other values)

e Find the probability of less than 10mm from the gamma model

e Adjust the probability for the chance of zero

And to estimate the 80% (or other percentage points)

e Find what the overall 80% point corresponds to, in the non-zero years
e Find that percentage point from the gamma model

They are supplied in a macro called fig11_3p.ins for those who wish to try.
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Fig. 11.3p Calculating gamma probabilities and percentiles by selecting totals >0

: select x10;into x42; if x10 > 0
Numnber of cases = 24

! k1 = count {x42) focount {x10})

k=1 - K1

: Note k1 is the prop of years with rain

! Note k2 iz the prop with the 10 days dry
! gamma x12:max xd3

Column Haz
MNo. of obserwations 24
No. greater than 0 24
Percentage 0O 0.0%

Method of Maximum Likelihood
muhat = 15,22 with =z.e. 2.37949
khat = 1.70471 with =.e. 0.452173

11.3.5 Analysis of multiple periods

: prob 10 ki;gamma x13;les=

Gamma dist. Mean 15.22 & k of 1.705
Probability < 10 = 0.4024

: ki = k2 + k1*k3

: dis "The chance of <10mm = " kd

The chance of <10mm = 0.74

: Note Calculate the S0% point

: k5 = 100%{0.8 - k2)/k1

: Note The §50% point is the kS'th point

: Hote of the gammal

: percent k5 ké6: gamma x43

Gamma dist. Mean 15.22 & k of 1.705
53,333 % point i= 13.251

: dis "The owverall 0% point = " k&

The owverall B80% point = 13.3

The gamma dialogue can be used to model many periods simultaneously. In samdis56.wor,
the 10-day decade totals for each decade of the year are stored in X1-X36.

Fig. 11.3q Fitted gamma distributions for the data from April to October

| %44 | %45| ®aE | x47
muhat khat %zem nonzero

48 - 1|

1 152 1.7 571 24 Aprl
2 18.2) 1.0/ 423 32 Apr?

Fit a Gamma Distribution
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[ Method of moments
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13 | 821 31 00 56 Augl
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e sz s BN Bt oo oo eeloen
¥ Save results = : : EP
Mo of non-zeroes [:447 =l 17 | 744 30 00 66 Gepl

[~ Probability plat 18 | 469 16 00 56 Sepd

Help Rezet Cancel |
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21 146/ 1.0/ 7E8 13 Oct3

e

The dialogue in Fig. 11.3q shows the fitting of gamma models to the separate dekads from April
to October. The results show that the end of August is the peak of the rainy season, with a
mean of over 100mm in the dekad. The shape parameters (khat in Fig. 11.3q) reach about 5 at
that time, compared to about 1, at the start and end of the season.

The climatic = Process dialogue provides a one-step way of fitting the gamma models,
described in this section and then estimating probabilities or percentage points. This is
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illustrated by showing the analysis of the 10 day totals in the samdis56.wor for April to June.
The dialogue is in Fig. 11.3r. The 20%, 50% and 80% points of these totals are to be
estimated.

Fig. 11.3r The Climatic process dialogue

Calculating probabilities [rizks] or percentages [return periods]) |
Available data — Results Results to
!—- % Percertages —.o |, . ersees
e 10418 £ 1 decimals| [+h0-=52 £
—| " Probabiliies = —|
®1ant) il A0 ;l
x2lan2] 2050 80 =] | |5
) and) Wh2 d
% 4[Feb1] =l
K.eep
v Graph [ column

— Column structure - - Model

" Separate Name_f?;ia;a;DE;TEkad " Dishibution-free
(* Ordered " Dizcrete € tormal
" Equally spaced " Continuous £ Gamma
" Circular | | Mized f*" Binomial/Gamma

Dry Penod[z] in year
f* Mone { One = Two

Help Fezet | Cancel | ok

Both the numerical and graphical display of the results are shown in Fig. 11.3s. For example, in
the first dekad in June the 20% point was estimated to be 18.9mm, the median, 37.9mm and
the 80% point was 66.7mm.

Fig. 11.3s Graphical and tabular results

20 %+ Commands and Output [_ (O] x|
LI
Lot dekad 20% Lox a0k
EBO-
E 1 4prl 0.0 o.ao 13.3
u=@40 2 Aprz 0.0 2.6 19.2
= 3 Apr3 0.0 13.4 35.7
& 4 Mayl 7.5 25.9 50.6
201 5 Mavy2 g.1 24,9 54.0
& Hay3 24.3 47. 6 g2.6
7 Junl 18.9 37.9 B6.7
_ o 3 hnz 24.5 a3.1 83.8
Aprl Apr2 Apr3 Mayl May2 May3 Junl Jun2 Jun3 ] Juns 258.2 49,85 0.6
Dekad b
< | |

With this dialogue the data for the full year can be analysed, though there is sometimes a
further complication concerning the zero values. This complication can be seen from the zero
option in the Climatic = Examine dialogue shown in Fig. 11.3t.
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Fig. 11.3t Percentage of dekads with no rainfall
Climatic = Examine

Explore Events | 100
Available dat
Avarable fata = Time =ernes graphs o
wl-436 £ I
" Summary values F
RiWant) | - = 804 ;
%f)an2] = Exploratary plots %‘
éi[ﬁaﬁ] {+ Zeros o other values i
XEEFEI:E} = Missing Yalues E B0
#E[Feb3d] ﬂ " Probability plots ,_.:_:" \
_ [
Il‘z-f";].:l:ule onl Giraph @ 40
. i ’V'rh Frob & %  Count %
™ Paint Graph =
% Line graph [T Mon-zeno value @ 10
" Yerical Lines [ Greater than [+] zero Sl_f
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[T keep working columns 5 10 15 20 25 20 35
¥ Marne x-axis in graph |Dekad Diekad
Help | Feszet | LCancel |

Fig. 11.3r shows there are some 10-day periods (in December and January) when there was
never rain, hence there is no data to estimate the rainfall amounts. This does not matter when
the Climatic= Process dialogue is used in a simple way. By simple we mean that each 10-
day period is analysed separately. But, it is sometimes useful to consider smoothing the
results using neighbouring periods and then we need to know about the distribution of rainfall
amounts there might be on the rare occasions that there is rain.

The option provided for this eventuality is to specify the part of the year that might be completely
dry, which for this site is roughly for the months November to March. Then all the columns in
that period are analysed together and a single average gamma distribution is fitted. Then the
fitted value is used for any decade that is completely dry. This is just for the mean and a shape
parameter of 1, i.e. an exponential model is assumed for that period.

An example is shown in Fig. 11.3u. Two dry periods are given in the dialogue, because
January to March (X1-X9) is specified separately from November to December (X31-X36) as
the possible very dry periods. We have also chosen one of the options for smoothing described
in Chapter 12.
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Fig. 11.3u calculating percentages for the full year
Climatic = Process

Calculating probabilities [riskz] or percentages [return periods])
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" Probabilities = —I
=1[Jan1) 53 ;l
%20 an2) |205080 =] |54
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Hame for data l:l:ulumnsl[) kad
i~ Separate Type of data il " Digtribution-free
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i Mo © Fesuls " MNore  One ' Two
T
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andfiom |31 | to X356 +|
Help | Rezet LCancel | (].4

The graphical and some of the numerical results are in Fig. 11.3v. The slight differences from
the results in Fig. 11.3s are due to the smoothing.

Fig. 11.3v Percentage points through the year

10 Aprl 0.0 0.0 11.5
11 Aprz 0.0 4.2 21.5

1204 - - 1z Apr3 0.0 12.7 35.1

13 Mayl 5.4 21.4 47.6

— —20% 14 May? 11.5 30,2 &0, 4
g - B0%, 15 May3 18.6 59,5 71.6
= 801 —gooy |- 16 Junl 21.6 42.8 75.0
= 17 Junz 24.1 46.1 78.7
= 18 Jun3 28.7 50,3 0.9
E 19 Jull 33.6 55.3 84.6
L R b hy SRR BE S 20 Julz 41.0 66.7  101.1

21 Juls 45.7 76.2 117.9

2z Augl 45.8 77.3 120.9

q ) 23 Lugz 52.0 3.3 125.3

' ' ' ' ' ' ' 24 Aug3 60, 4 91.9 132.8

5 10 15 20 2% 30 3% 25 Sepl 55,4 85,4 124.9

Dekad 26 Sepz 37.5 B & 102.5

27 Sep3 14.8 37.3 71.8

The Climatic => Process dialogue can equally be used to calculate probabilities. Fig. 11.3w

Shows all that need be changed, compared to Fig. 11.3u where percentage points were

calculated.
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Fig. 11.3w Calculating probabilities

Calculating probabilities [nzks] or percentages [return peniods]

Available data —fﬁesults Results to
g Percentages F . foecoere
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There is also a macro called rainprob.ins. This does the complete analysis, starting with the
daily rainfall data. It enables a large number of stations to be processed routinely. It may be
used by typing

: @RAINPROB
and responding to the questions. Partial results from the analysis of the daily data from the
same site, in the file samaru56.wor, are in Fig. 11.3x.

Fig. 11.3x Results from the @rainprob macro

Eztimated probability of decade total exceeding specified limits

Decade Omam 10mm 2 0mm S0mm S0mm 100mm 150mm
Jan_1 3 1 1 1 1 1 1
Jan_2 4 1 1 1 1 1 1
Jan_3 5 1 1 1 1 1 1
May 1 a9 71 52 38 19 3 1
May 2 a5 as 74 Ea 34 7 1
May 3 asg a5 a4 [T 38 3 1
Jun_1 lon a9 a4 a3 Lo 3 1
Jun_2 lon lon a5 g3 Lo £ 1
Jun_3 lon lon 96 a13) 56 g 1
Dec_1 3 1 1 1 1
Dec_2 1 1] 1] 1] 1] 1] 1]
Dec_3 n n n n n n n

11.3.6 Conclusions

In this topic the gamma distribution has been used to model 10-day rainfall totals. This was for
illustration only. Gamma models can be used both for (non-zero) daily amounts and seasonal
totals. Daily rainfalls are very skew and the value of the shape parameter, k, is usually
estimated to be between 0.5 and 1.

One practical problem when modelling daily rainfalls arises from the fact that small amounts are
often not recorded accurately. The estimate of the shape parameter, k, can be sensitive to
these inaccuracies. There is a way round this problem, by using what is called the 'censored'
data, but this is more advanced. What we normally suggest is that small amounts should be
ignored, i.e. treated as zero.

With monthly or annual totals, in places where rain is frequent, the fitted gamma distribution will
give quite a large value of k. With large k, the gamma distribution becomes very similar to the
normal distribution. Thus, the use of gamma distributions for rainfall totals is consistent with the
standard methods of analyses that assume a normal distribution provides an appropriate model
for monthly or annual totals.
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11.4 Extreme events

11.4.1 Overview

The probability (risk) of extreme events is important for many purposes, particularly when they
are damaging, such as heavy rainfall, high flood flows in rivers, high winds, extreme
temperatures (hot and cold) and even low flows in a river at a time of drought. Extreme event
probabilities are required in engineering works - dam construction, roads (for example in
determining the correct size of bridges or culverts), or irrigation projects. They are also needed
in hydrology to determine maximum rainfalls, or maximum flood levels.

Two approaches exist in both rainfall and river flow analysis to estimate probable maximums.
The first is mechanistic - where for example the probable maximum precipitation (PMP) is
determined from knowledge of atmospheric conditions, such as humidity, inflow of air and
precipitable fraction, or the maximum river level from a knowledge of river basin morphology,
flood routing and channel hydraulics. The second approach, which is considered here, is
statistical. In this case the estimate of the frequency with which a given magnitude of rainfall or
streamflow may be exceeded in the future is based on the frequency with which it has been
exceeded in the past. Inevitably, records are short so techniques have been developed to
model the distribution of the parent population from which the sample is drawn.

Often, for extreme events, the maximum value of the rainfall, river flow, etc. each year are
selected to form the Annual Maximum Series. This ignores other large events that, in any one
year, may exceed the largest in another year. An alternative is to include all values above a
particular threshold. Extreme value frequency analysis entails the estimation of, for example,
the peak flow Q(T), which is likely to be equalled or exceeded once on average in a specified
period of T years. This peak value then has a return period of T years. T is the long-term
average of the intervals between successive occurrences of a flow of size Q(T). For example,
25-year return periods may occur at intervals considerably greater, or less, than 25 years, but
there will be an average of 4 occurrences in every 100 years.

11.4.2 Calculating the extremes

In text-books, the starting point for the analysis is usually a column of annual extremes. In
general however, as with the analyses earlier in this guide, it is better to start with the raw data.
As an example, consider the 34 years of daily rainfall data from Kurunegala in Sri Lanka (1950-
83) that were processed in Section 6.6. This used the dataset Kurunega.wor. The Climatic =
Events = Extremes dialogue was used in Section 6.6 to give the summary shown in Fig. 11.4a
to give the summary values, that are ready for the second stage in the analysis.

Fig. 11.4a Extremes dialogue
Climatic = Events = Extremes

5| x5 07 |
— Measurement
& b arimurn i~ Walues aver threshald 1T 318 ‘:qul ;;E ::gg_lu
" Minirmum ™ Peaks over threshald “a |19 ﬁpﬂf E?.E 1952
Available data Save days into Start day 4 |250ct 909 1953
K 1¢34 ﬂ |35 =l f Calendar 5 [13Mar 917 1954
ATy 1550] " . ] B [190ct 7.8 1955
%201951] j i SR izsie - B ey 7 [170un | 1224 135
%3y1952) |36 = | Calendar 8 |25Dec | 1580 1957
i;g] ggﬂ ¥ Save year into [V Plat quantity by day —19|:| EEEE‘[ 132; 1323
' .
#E[y1355) |>‘:3F j [ Plot quantity by pear 1 | '&p & 1880
*F[v1595E) . i 11 pr .
e j with abel v Curnulative plat 12 | 23 0ct 05 1961
L - 13 |090ct 978 1962
14 |21 Oct 1131 1963
1F A7 Ll [a}, ] 1acy
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We emphasise the value of starting with the raw data. The first point is that these data have
been checked and there is therefore confidence that the values in X36 are really the maximum
values. The alternative would be to calculate the maxima separately and then input these
values. This is both wasteful in time and can result in typing errors.

The second point is that initial analyses often lead to further questions. For example:

a) The four-month period from September to December is particularly important. Could an
analysis of the maximums for this period be undertaken?

b) When in the year do the heavy rainfalls or annual maximums occur?
¢) How many observations in the whole record are >110mm and in which years do they occur?

These are reasonable questions and all can easily be considered if there is access to the raw
data. They illustrate that most analyses involve an initial data management phase, followed by
the analysis. This point has been made before and studies of extremes are no different.

These three problems are considered in turn.
Fig. 11.4b shows that the analysis in Fig. 11.4a can easily be adapted to give the maximums in
a specified period of the year.

Fig. 11.4b Maximum rainfall during September to December

G810 359 4D
~ Measurement 1|07 Nov 435 1950
o) Mfa:-.umum = Walues aver threzhold 3 |01 Now 975 1951
" Minirum " Peaks over threshald 3 |03 0ct 729 1952
Aailable data Save dayz into Start day ; 122 SC: 323 ::ggi
c )
K1-K34 RN =] o E [190ct 978 195
§12 ﬂ ¥ Save quantities into | End day 7 |26 Dec 823 1956
9 [<a3 R REES 8 |25Dec 158.0 1957
wed ¥ Save yeat it ot o 9 |24 0Oct 126.8 1958
%5 U 90 |30 Nov 782 1959
6 [~240 x| T Petas 49 [17Nev | E3s 1980
w7 : e e 12 |230ct 856 151
13 (090ct 978 1962
14 (21 0ct 11591 1963
1F nA kl-a a4 1 10acA

The second task is to consider the annual maximums, as shown in Fig. 11.4b, but also to record
which day in the year that the maximum occurred. As shown in Fig. 11.4a and 11-4b this is an
option on the same dialogue, and the results are in x35 and x38.

The third task is to consider all days with more than 110mm of rain. This is called the partial

duration series. It is another option of the Climatic = Events = Extremes dialogue, Section
6.6, and Fig. 11.4c.
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Fig. 11.4c Generating a partial duration series
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The results from the analysis in Fig. 11.4c show that there were a total of 30 observations, in 15
of the years. What also stands out is that X28 (corresponding to 1977) had 7 occurrences.

This deserves a more careful study and the Climatic = Display Daily dialogue (Fig. 11.4f)
reveals that October 1997 was an extraordinary month. It had a total of 1735mm, with 8 days
having more than 100mm of rain and 11 with more than 75mm. November was also very wet,
with a total of 839mm. The total from these two months was more than the annual rainfall in
most of the other years.

Fig. 11.4f Rainfall for 1977
Climatic = Display Daily for X28

Daily data for: X28
Mon Jan Feb Mar  Apr May  Jun Jul Aug Sep Oct Nov Dec
pay. ----—-—------———_——— . ————————————————————
1 - -- 20.6 0.5 0.3 46.5 7.1 - 6.6 62.7 42.7 -
2 -- -- -- 0.5 14.5 14.0 - - 1.0 -- 41.7 -
3 - - - -- 12.7 5.1 0.5 -- 21.1 -- 46.0 -
4 - - - 7.4 9.4 23.9 - - -- 22.9 1.3 -
5 - - 5.6 24.9 2.0 2.5 10.2 - 1.5 38.4 - -
6 -- - -- 24.6 19.0 -- 0.8 -- 0.8 202.4 - -
7 - -- 0.8 -- 419 2.5 -— -— -- 8.9 92.0 -—
8 - - - - 7.9 - 1.0 -— -- 8.1 199.6 -—
9 1.8 - -- 14.7 33.5 - 3.6 - -- 16.3 - -
10 -- -- -- 15.2 17.3 -- 18.3 74.9 0.3 30.7 - 4.1
11 -- -- 15.0 15.2 -- -- 1.8 - 2.0 86.9 26.2 -
12 - - - - -- 9.1 1.0 -— -- 27.2 20.3 5.6
13 - - -- 16.0 36.3 -- 51.8 5.1 --215.4 35.1 -—
14 - - - -- 17.5 0.5 0.3 - 1.8 94.0 79.5 -
15 -- -- -- -- 9.6 1.8 - - - -- 62.7 -
16 - - -- 3.3 0.5 11.9 -- 0.8 -- 17.0 -- 19.8
17 - 1.3 - 3.6 2.5 - -- 45.7 -- 110.2 -- 23.1
18 - 0.5 69.1 10.7 2.5 - 1.3 36.8 - 7.6 4.1 9.4
19 -- 0.3 12.2 3.6 18.5 21.8 4.3 49.0 -- 106.7 -- 28.5
20 - -- 31.5 3.3 0.8 13.0 0.3 31.5 -- 10.4 -- 1.3
21 - - - 4.8 27.9 5.6 -- 31.5 -- 76.7 - -
22 - - - - - - - 2.5 -- 134.6 - -
23 -- 1.3 -- 40.4 -- -- - -- 30.7 203.0 52.8 -
24 -- 23.6 -- 4.1 - - -- 20.6 -- 109.2 -- 0.8
25 - -- 18.8 42.9 -- 0.5 1.3 -— -— -- 11.9 -—
26 - - -- 12.2 1.5 - - - 1.3 - 1.5 -
27 -- 0.5 5.6 9.4 0.5 0.3 - - - 5.6 108.2 -
28 - -- 0.3 5.3 2.8 1.0 -— -- 3.8 2.5 13.2 -—
29 - 3.3 31.8 11.2 0.5 -- 0.8 11.9 137.2 -- -—
30 - 4.6 -- 14.2 - - 1.3 27.4 - - -
31 -- 15.2 38.4 - 5.8 - 4.1
Tot 1.8 27.4 202.4 294.4 343.4 160.5 103.4 306.3 110.2 1734.6 838.7 96.5

03 January 2006

197




11 — Further Topics Instat Climatic Guide

What has been done in this section parallels the first stage of the analyses considered in
Chapters 5 and 6. We have looked at what might be termed ‘extreme events’.

11.4.3 Analysing the extremes

The extremes in Fig. 11.4a are used. A stem-and-leaf plot presents the data like a histogram,

Fig. 11.4d.
Fig. 11.4d Stem-and-leaf plot of annual maxima rainfall
Graphics = Stem and Leaf
Stem and Leaf | STEM & LEAF DISPLAY FOR X36
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g 15 07
Help | Feset | Cancel ok & 16 &
5 17 4
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The plot indicates the positive skewness of the data and that the median value is just over
100mm.

Fig. 11.4e Cumulative frequency curve of maximum data

warn off
sort x36 x44
ent x45;data (1]34)
x45=100 * x45/35
line x45 11 1
symbol x45 8 0 1
plot x45 x44;href 50 80 95;nolegend;yaxis 0 100;

title “Cumulative frequency curve for maximum rainfall’

Cumulative frequency curve for maximum rainfall
100 ———=
L
3 50+
D T T T T T
50 100 150 200 250
#44
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A cumulative frequency curve is a good way to show different percentage points (or return
periods). This was shown earlier (Section 6.6), when the extremes were generated. It can be
given again with the Climatic = Examine dialogue. An alternative uses the commands and the
resulting plot is shown in Fig. 11.4e.

On this plot the reference lines correspond to the
50% point (2 year return period)

80% point (5 year return period)
95% point (20 year return period)

The Statistics = Summary = Describe dialogue or the command

: DEScribe X39; PERc 50 80 95
give the exact return periods for the maximum rainfall calculated in Fig. 11.4d as 108mm,
158mm and 224mm.
The cumulative probabilities, F, can be transformed into return periods, T, using T=1/(1-F) or T
= 100/(100-P) for percentages and plotted as in Fig. 11.4e.

Fig. 11.4f Plot of return periods

Manage = Calculations = x46=100/(100-x44)
Graphics = Plot

General l Styles and Colours l Az l Titles l
304
- Uariable[ﬂ] — Dverlay E
G2 LI “war I =
1 [y1950] H = 90
=2[y1951] Fwar I g
#aw1952] I
41953 . —
E(p1954] — Feference Lines— = .
HEB[y1955] . = ]
- Harizontal i,
% 7[y] 5E) =l 50 | &
M ariable Yertical I
[ na4 =] - . . .
- By facter ¥ Show symbols 50 100 150 200 250
I~ Wweights W Show lines Maxdmurm rainfall {rmm)

[ Include legend

Sometimes return periods are required that are larger than the number of observations. This is
clearly a dangerous venture as it involves extrapolating outside the range of the data. For
example in the Statistics = Summary = Describe dialogue or the command

: DEScribe X39; PERc 50 80 95 99 99.9
simply gives the largest observations for the 99% and 99.9% points.

A distribution-free approach cannot be used If extrapolation is required. Instead, a model is
fitted to the data and the percentage points are estimated from the model. This remains a
dubious exercise because one does not have any data with which to test whether the model is
appropriate at these large return periods. Within the range of the data we can investigate
whether an extreme value (a Gumbel distribution) fits the data. This is sometimes called the
double exponential distribution, because the distribution function is

F(x) = Prob(X<x) = exp(-exp((x-u)/a))
Hence, calculate

L(x) = -log(-log(Fx)) then

L(x) = (x-u)/a
Thus plotting L(x) against x should give a straight line, if the model is a good fit.
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The Climatic = Examine dialogue can be used to provide the plot. It is also not difficult the
plot from first principles, see Fig. 11.4g.

Fig. 11.4g Plot of the Gumbel distribution

Manage = Calculations and calculate X47 = -LN(-LN(X45/100))
Graphics = Plot for X47 v X44

3_
2_
[
N
|:|-
-1
50 100 150 200 750
X4

We proceed, even though the graph seems to be curved at lower values. The parameters, u
and a of the extreme value distribution are related to the mean and variance by
u= X-0.5772*a where a= Y(6s2/ 22
Hence they can be estimated by the method of moments as in Fig. 11.4m. The estimates are
=102 and a=33.5.
Fig. 11.4h Using the method of moments
Statistics = Simple Models = Extremes

Fit an Extreme Distribution Fit an Extreme Diﬁtributiﬂn

[rata to be fitted — Diistributian
L K F Gumbel Columt . wad
(o1 550 No. of obserwations 34

[v ) — Estimation methods —— Mean 121.3
=2p1951) .
%3y1952) Standard deviation 42,92
=4p1953) . o
501 954] I i simum fieftood Method of Moments
=B(y1955] v Method of moments Mode, uhat = 102
#7(v1336) hd Scale, ahat = 33.47

[~ Restrict data walues

To see how this model will estimate extreme values, put K1 = uhat = 102 and K2 = ahat =
33.47, and add the standardised variable to the display, see Fig. 11.4i.
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Fig. 11.4i Adding the fitted line to the probability plot
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Estimates of return periods can then be found from the extreme value model, using the
Statistics = Probability Distributions dialogue as shown in Fig. 11.4m. The estimates of the
5, 20, 100 and 500 year return periods are given as 152mm, 201mm, 256mm and 310mm.

Fig. 11.4j Calculating percentiles (return periods) from the fitted model
Statistics = Probability Distributions

Probability Distributions Extreme Value dist. Par. 102 & 33.47
Percentage Value
" Probabiliies %" Percentiles {™ Expected Frequencies B0% 152.2
LT 201.4
— Prabability diztribution 99% 255.95
o - 99, 8% 309.94
Diztribution type Distiibution parameters |

Extreme value j Mode I'I 0z
Scale |33. 466

— Percentage points

" Single value

* Multiple values IEEI 9593933

However, these estimates obviously have to be treated with caution, because the plot in

Fig. 11.4i shows that the model is a poor fit at the higher return periods. There are various ways
that the model could be improved. The large values look reasonably linear, so one possibility is
to use the partial duration series, with a lower limit of about 110mm. A simpler possibility, which
is illustrated here, is to estimate the parameters of the extreme value distribution by linear
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regression. This follows the observation earlier that the extreme value plot is of L(x)=(x-u)/a, i.e.
a straight line, with intercept -u/a and slope 1/a. The steps are shown in Fig. 11.4k.

Fig. 11.4k Estimating the parameters for extremes > 110mm

Manage = Reshape = Select Statistics = Regression = Simple

Solect Simpl Linea Regression

¢ Sokdbiondiey S e [ [Gao
Available data Intao Reszponsze variable wdq
wddud? il =48, %49 Explanatory variable uda
#1(w1950) ﬂ 48
i%g}gg;} égg Corfidence Limitz (35 | &
igglggi} ;I §§12 [ Significance Test

[T Display AMOWA Table

Condition for zelection
ﬁmnm >| I Show

The fitted regression model is X49 =-1.593 + 0.0201 * X48
Hence calculate k2 =1/0.0201 = 49.112
and k1=1.593 *k2 =79.112

The estimates of the parameters of the extreme value distribution by this method are now
kl1=0=79.1,k2=a =497
and the line is seen to be a much better fit at high return periods, Fig. 11.41.

Fig. 11.4] Plotting the new model

General ] Shles and Calg E

- Wariable(z]

CER 2
=

1 [1950]
2[y1951]
w301952)
X A[y1953)
E[y1954) 04
%E[y1955)

%7[y1956) |

- aniable -4

w44 - T T T T T

I - 50 100 150 200 250
Xa4

The Statistics == Probability Distributions dialogue also gives estimates that seem more
reasonable, such as a 100-year return period of 308mm, though it must again be emphasised
that these are inevitably an extrapolation from the data.
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Fig. 11.4m Percentiles (return periods) from the new model

Extreme Walue dist. Par. 79.1 & 49.7
Percentage Value
™ Probabilties {* Percentiles ™ Expected Frequencies 80% 153.65
LT 226,72
— Prabability distributian 99% 307.73
Distribution type Diztribution parameters 99.8% 38752

Extreme valus j Mode I?EI.'I

Scale |4E|.?

11.4.4 In conclusion

We conclude this section with a general point. Earlier, in Fig. 11.4a, both the maxima and the
dates on which they occurred are calculated. A simple examination of the dates shows that
their distribution is bimodal, see Fig. 11.4n.

Fig. 11.4n Stem and leaf plot of the dates of the year of each extreme
Graphics => Stem and Leaf for X35

STEM & LEAF DISPLAY FOR X35
Min=30 Max=360 HNo. obs.=34
360 is represented by 3:16 6
2 n:=0-4 33
8 0:5-9 785999
11 l:0-4 111
1z 1:5-9 6
14 2:0-4 00
110 2:5-9 6ATEE99999
10 J:0-4 000111222
1 3:5-9.6

This is reasonable and corresponds to the bimodal pattern of rainfall at this site. This aspect of
bimodality has been ignored in the analysis. In general, analyses should not ignore obvious
structure in the data. In this case it would probably be better to consider the distribution of
extreme rainfalls separately for each season. Fig. 11.4c shows how the extremes can be
calculated for the season from September to December and the analysis could be repeated for
this season. The high return periods are very similar to those for the full year.

In the next chapter, this aspect of allowing for the structure of the data is discussed further in
the case study in Section 12.3.

11.5 Correlations in climatology

The next two sections move from looking at variables one at a time, to a study of how two or
more variables are related. The opportunities are endless, for example to examine the
relationships between:

July and August rainfall

Dates of the start and the end of the rains

Rainfall and runoff

Sunshine hours and radiation

Accumulated temperatures (degree days) and crop yield
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A simple way of studying the relationship between two variables is to calculate the correlation
between them. Correlations are used, and also misused extensively and both aspects are
covered here.

11.5.1 Example 1: Data from Gregory (1978)
Fig. 11.5a shows a set of data on runoff and rainfall, from Gregory (1978).

Fig. 11.5a Runoff Data Fig. 11.5b Correlation for Runoff and Rain
File = Open From Statistics = Regression = Correlation
Library = Runoff.wor
R | R | e |
Fiain Funaft [ata to be conelated

1 46.4 A3 W;I

2 B3 46,8 S

3 438 342 #2[Runoff]

4 BO.1 475

4] A0.E 5.2

B h7.5 405

7 ER R 41.3 ™| Save comelstion inta
B_ a7 435 [ Dizplay confidence interyat
= E0.8 448
L 483 385 Help | Feset | LCancel | Ok I

11 A3 291

12 41 26.5 Correlation Rain, Runaff = 0.9214

EE.7 46.5
Testing hypothezis that tho = 0

L 96.4 El t walue corresponding to correlation is §.571 with 14 d4.£.
L 58,3 40.9 Gimmificance lewel (2 sided) i= 0.00%

16 Bh.7 41.3

17 Approximate 95% confidence interwal for rho iz 0.76 to 0.98

The Statistics == Regression == Correlation dialogue shows a high correlation of 0.92
between rainfall and runoff with the 95% confidence interval for the correlation to be 0.76 to
0.98.(Fig. 11.5b).

No misuse here, except that when a correlation is non-zero, it is often more useful to examine
the equation, relating the two variables, than just to give the correlation. The Statistics =>
Regression == Simple dialogue in Fig. 11.4c produces a graph that confirms the clear
relationship between rainfall and runoff.
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Fig. 11.5¢c Simple regression analysis
Statistics = Regression = Simple

Simple Linear Regreszsion |
l Plot ] Save ]
Hesponze vanable |><2[Flunu:uff] j
Explanatory wariable |><1 [Rain] j

Caonfidence Limits |E|5 v| 4

[T Significance Test
[ Display AMOW2 T able
[ Lack of fit

[¥ Plats

40 50 60 70

Help | Rezet | Eancell Lpply | aK I Fain

Simple Linear Regression|

Fitted equation : Punoff = -4.01le 4+ 0.7972 ¥ Rain

Adtandard error of slope @ 0.089%9 with 14 4.£.
95% confidence interwval for slope 0.60492 to 0.99073
F-squared 0,549

Fig. 11.5¢c shows that the equation is runoff = -4.02 + 0.80 * rainfall i.e. in the units measured,
an increase of one in the rainfall gives an average increase of 0.8 in the runoff.

11.5.2 Example 2: Data from Benin, West Africa

The data in Fig. 11.5d are monthly rainfall totals from two stations, Porto Novo (6.30N, 2.47E)
and Save (8.04N, 2.79E) in Benin, West Africa. In the worksheet wafric2.wor,

X1 gives the year number

X2-X5 give the totals from April to July at Porto Novo

X6-X9 give the totals from April to July at Save.

Fig. 11.5d Monthly rainfall totals
File = Open From Library = Wafric2.wor

w1t | oW | MI | wds | WE | MEr | WP | wE | xg

Year Apr_PM May PH Jun PH  JulPH Apr S Mav 5 Jun S Jul S
1 | 1938] 2634 1045 1554 973 110.2] 1063 2137 275
2 | 1939 1832 1125 2729 3135 1115 1415 1724] 1215
3 | 1940 971 3752 3378 783 1385 181.8) 1139 690
4 | 1941 1923 1498 1643 1653 1066/ 2223 640/ 1845
5 | 1942 377 3383 4230 248 857 1623 130.1] 511
6 | 1943 1220 1970/ 65433 855 131.0| 2032 141.1] 451
7 | 1944 402 1123] 2858 2459 1245 1441 1528 1265
g | 1945 433 g1.6| 1459 1329 722/ 318 169.1| 1318
9 | 1945 1398 2449 2109 00 661 1018 1102 E1.4
10 | 1947 @53  187.1] 2967 3484 867 1201 1628 1419
11 | 1948 1620 3918 2410 EE 2831| 1165 966 696
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Various correlations may be of interest, depending on the application. For example:
1) If there are correlations with the year (X1), there may be a trend in the data.

2) A positive correlation between successive months at the same site would indicate that
rainy Aprils tend to be followed by rainy Mays, etc. If this is the case, then rainfall in previous
months could be used as part of a long-term forecasting scheme.

3) Correlate X2, or any other column against the same column for the previous year.
These are correlations between successive years, i.e. serial correlations.
4) Correlate X2 against X6 etc. This corresponds to the spatial correlation between the two

stations for the given month.
Fig. 11.5e examines a possible trend in the data by plotting, for example X2 against the year.

Fig. 11.5e Plot of monthly totals
Graphics = Plot

Monthly totals for April at Porto Novo
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2[hpr PN var | =
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Hd4lun_PH) . .
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=ElApr_5] . i

X7May, 5] ﬂ Horizontal I

¥t aniable Wertical I

|><1 [ear] vI ——————— g
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I weights W Show lines v
[ Include legend ear

Fig. 11.5f checks for correlations between successive months in Porto Novo.

Fig. 11.5f Correlations between April-July
Statistics = Regression = Correlation

CORRELATIONS

D ata ta be corelated

|;,<2_;,<54 i| Apr PN 1.0000
May PN -0.0506 1.0000
Jun PN 0.1326 0.1737 1.0000
Jul PN 0.0416 -0.2927 -0.2795 1.0000
Apr PN May PN Jun_FPN Jul PN

The results in Fig. 11.5f show no evidence of correlations between successive months at the
same site.

Nxt use the Statistics => Time Series => Correlations dialogue in Fig. 11.5g to see if there are
any correlations between successive years.
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Fig. 11.5g Auto Correlation for X2

Statistics = Time Series = Correlations

Auto and CrossCorrelations

% Auto comelation " Cross comelation 1

[ata column IKE[-‘E'-P’_PN] v] 05
[~ Partial corelations Lag I_

[ Flot -0.91
[T Save walues .

Autocorrelations for Apr_PN

2 4 6 8 10 12 14
Ladg

There is also no evidence of serial correlations.

In the plot in Fig. 11.5g the horizontal lines are at +2/\n = +2/728 = +0.38. These are
approximate 95% confidence limits for each sample serial correlation, if the true serial
correlations are zero. Hence this provides a guide to check on the magnitude of the observed

correlations.

Next plot the July rainfall from Porto Novo against the July rainfall for Save and calculate the

correlation coefficient for July (Fig. 11.5h).

Fig. 11.5h Plot and correlation for July at two sites

Graphics = Plot (X5 against X9)

July rainfall in Benin: Porto Novo v Save

. BO04
5 ) ’
% 400 o
=

[ ]
£ 200
- boe ‘s .o o ’

[ kel s : : :
0 200 400 GO0
Save (mm)

Stats = Regression = Correlation

Correlation

Correlation Jul_PM, Jul_3 = 0.4733

Testing hypothesis that rho = 0

£ walue corresponding to correlation is
2,777 with 26 d.E.

SGignificance lewel (2 sided) is 1.00%

Approximate 95% confidence interwval
for rho iz 0.11 to 0.73

From the value of the correlation of 0.48 between the July rainfalls in x5 and x9, there seems
initially to be evidence of a spatial relationship between the two sites. However, the plot in

Fig. 11.5h, implies that care must be taken in the interpretation, because the high correlation is
primarily due to a single point. We see later, in Section 11.5.4, how such values can be

misleading in the use of correlations.

When this one point is omitted, the correlation drops to a low value, Fig. 11.5i. If the spatial
correlation is real, it might also be evident in more than one month, but April (X2 with X6), May
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(X3 with X7) and June (X4 with X8), show nothing. Hence, perhaps surprisingly, there seems to
be no evidence for a spatial correlation between the monthly rainfall totals at these two sites.

Fig. 11.5i Correlations in July without year 1963

Manage = Reshape = Select Stats = Reg = Corr (X10 and X11)

B [corrciation
f* Select by condition " Select by Correlation X10. ¥11 = 0.2026

m e Testing hypothezizs that rho = 0

=8, %3 ﬂ =10, %11 | £ walue corresponding to correlation

whlspr_5) ;| %10 iz 1.035 with 25 d.f.

#iMan_ 5] #*11 Significance lewel (2 zided) iz 31.068%

#=alun_ 5 ®i2

o] - ?:‘Ii Approximate 95% confidence interwval

for rho is -0.21 to 0.56

Condition for zelection
’7|:-:'I <» 1967 j [ Showeal

Negative results are sometimes treated as a failure, but this is not always the case and negative
evidence about correlations is often useful. For example, in previous chapters, data have often
analysed as though successive years were independent observations from the same
distribution. This assumes no trend or serial correlations in the data. Thus, negative evidence
about correlations often permits a simple model to be adopted.

11.5.3 Example 3: Data from Samaru, Nigeria

The third example uses data of the type generated in Chapters 6 and 7. The data in
samrain.wor consist of 56 years of data from Samaru, Nigeria 1928-83. Here

X1 is the year number

X2-X5 gives the date of the start of the season for 4 different definitions

X6-X8  gives the length of the longest dry spell in May, June and July

X9 gives the date of the end of the season, using a simple water balance definition

There are a number of useful correlations that can be calculated. For example, similarly to
Example 2, Fig. 11.5b, any correlation with X1 would examine whether there is evidence of a
trend in the data.

Here, for illustration, the second definition of the start of the season is considered. This is in X3
and is the first occasion after 1st April with more than 20mm in a two-day period and no 10-day
dry spell in the following 30 days. With this definition of the start, the length of the season is
also calculated and put into X10. This uses Manage = Calculations, or the command may be
typed as

: X10 = X9 - X3
The correlation between X3 and X9, shows no evidence of any correlation between the start
and end of the season. This is a useful result as is shown below.
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Fig. 11.5] Boxplot of season length Fig. 11.5k Plot of length against start
Graphics = Boxplot of X10 Graphics = Plot of X10 v X3
; Length of season v date of start
Length | }7 : 4{ o
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The results in Fig. 11.5j show that the length varied from less than 4 months to 7 months. In
Fig. 11.5Kk, the length is plotted against the date of the start. This shows a clear negative trend
and the correlation is -0.92.

This last correlation, between the date of the start and the length of the season, is not useful. It
can also be harmful, because it may be used instead for analyses that are of value. We first
explain why the correlation is not useful here and then suggest an alternative analysis.

Fig. 11.5k Statistics for start and end of rains and length of season
Statistics = Summary = Column Statistics

T
General ] ﬁa\fe] Optionz l
" : Column Mean Hin. Max. SDE
Available data — Statistics required
%3 %3410 [~ Count v Minimurm S 133 g5 176 19,32
§12 [‘geqlr] [~ Sum W Masimomé  ||End 292.9 275 315 5.87
ikt
0 % ean  Medan  ||bEROTh 159.9 104 215 22.5
G | Eae Chees L
HE[Drypkd) .
w7Dnn] [ Percentiles
=aDnl) [ Proportions
%9[End] jd|

Fig. 11.5k shows the mean and standard deviation for each of the three columns, X3 (start), X9
(end) and X10 (length). There will obviously be a relationship between X3 and X10, because
X10 has been calculated from X3 and X9, i.e. X10 = X9 - X3
We assume X3 and X9 to be independent (there was no evidence of a correlation between
them, Fig. 11.5j.) With the assumption of independence, between X3 and X9, it is easy to
calculate the correlation between X3 and X10, which is given by

-19.32/+(19.32%? + 8.87%) = -0.91
Thus, the negative correlation of —0.9is just a very complicated way of saying that the standard
deviation of the start of the rains, which is just over 2 weeks, is approximately double that of the
end.
If the correlation is not a useful way of summarising the relationship between the dates of the
start and length of the season, then the relationship needs to be summarised in a different way.
One possibility is as follows.
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The general problem that farmers have in planning their cropping strategy is shown by the large
variability in the length of the growing season from year to year. As an example, consider the
situation when, in a given year, the farmer has planted successfully on 29th April, (i.e. day 120).
What is then needed is the length of the season, given this planting date. The graph in

Fig. 11.5k, indicates what to expectlt shows the season length is likely to be between 160 and
185 days, when the starting date was day 120.

A conditional analysis is now needed , i.e. what is the distribution of the length of the season
given the start is on a particular date. The only uncertainty now is of the date of the end of the
season and the simplifying assumption is made that the start and end of the season are
independent. This is possible, because there was no evidence of any relationship between X3
and X9. With this assumption, the conditional length of the season has a mean of (293-
120)=173 days and standard deviation of 8.9 days.

The analysis can now proceed in a distribution-free way or, as in Section 11.2, a distribution
may be assumed. The distribution of the dates of the end of the season is approximately
normally distributed. Adding this assumption, the properties of the normal distribution imply we
can say that the farmer, planting on this date, has approximately a 2/3 chance of a season
length of between 166 and 182 days and most years (95%) will have a season length of
between 158 and 190 days. Hence, once the planting date is known, the uncertainty in season
length is dramatically reduced and this can help in the choice of appropriate varieties, etc.

The idea of a ‘conditional analysis’ has been used at various points in this guide. It is important,
so we conclude with a graph to reinforce the concept. Use the Statistics = Probability
Distribution as shown in Fig. 11.5m.

Fig. 11.5m Conditional length given day 120 as the planting date
Statistics = Probability Distributions
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- = Sum: 1 +¥2 (¢ Difference: ¥1 -2
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A practical problem is how best to display this type of result, so it can easily be used. One
possibility is shown in Fig. 11.5n for Niamey in Niger, taken from Sivakumar et al. (1993). This
shows that if planting in Niamey can be in mid—May, then one could plan with fair confidence
(88%) on a growing season length of more than 110 days, while if it is a month later, then one
would hope for 90 days.
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Fig. 11.5n Probabilities of growing season length at Niamey, Niger, exceeding specified
durations for different dates of onset of the rains, (from Sivakumar et al. 1993)

Date of onset Length of growing season (days) exceeding
90 110 130 150

19 May 99 88 49 11
29 May 97 70 29 2
8 June 88 49 11 0
18 June 70 29 2 0
28 June 49 11 0 0

11.5.4 Example 4: Simulated model of crop growth and yield

The final example shows another common use of correlations. Suppose a model of crop growth
and yield has been constructed. To test this model, the crop is grown at a number of sites. At
each site the observed yield is to be compared with the predicted yield from the model. The
correlation between the observed and predicted yields is then sometimes used as a measure of
the effectiveness of the model.

This evaluation process is simulated using a macro called nomodel.ins. lItis called homodel
because the actual model is of no value, though it permits some seemingly impressive
correlations to be found. In the evaluation of the model assume that the crop is grown at three
types of site. The first is termed desert, and is on the limit of possibility for the crop. The model
always predicts 0.05 tons/ha at such sites. Then there are on-farm sites, which typically have
a yield of about 1 ton/ha. These are assumed to be the important sites and you will have to
read further to see how these yields are modelled. Finally there are research institute sites.
Here there are normally much higher yields than on farmers fields and the model always
predicts 4 tons/ha.

Fig. 11.50 shows a run of the evaluation process. There is a high correlation between the
observed data and the predictions. If correlations are used uncritically, then this model might
be thought useful. However, the graph shows that this is clearly a misuse of correlations. With
the anchoring points at the desert and research sites the fact that the model is useless at the
important on-farm sites is effectively hidden.

If you study the macro you will see that at the on-farm sites the model simply chooses a
random number from a normal distribution with mean 1 ton/ha and standard deviation of 1/4
ton/ha.

This type of misuse of correlations is common. The key to the misuse is that there is clear
structure within the data. The structure here is that the data come from 3 distinct groups
(desert, on—-farm and research) and this structure has been totally ignored in the correlation
analysis. This is a simple rule, namely whenever there is structure in the data, it is dangerous to
ignore this structure in the analysis. In this case a much better analysis would be to consider
the three groups separately. Then the fact that the model is useless at the on-farm sites would
become clear.
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Fig. 11.50 Test of crop model
Submit = Run Macro and select nomodel.ins from the climatic library

Input vields at desert site(s), default 0.1 Graphics = Plot = “Yields” v
{accept default) “model”
Input wields at on-farm site(s), default 0.5 C
laccept default) .
Input vields at research site(s), default & Plﬂt Of E.Ctl..lﬂl YIEIdS v mOdEI
[accept default) &
F.otr x1 vields= model
4

1 dezert 0.1 n.05

g on_farm 0.5 Q.36 %

3 on_farm 0.6 0.56 o

4 on_farm 1.0 1.12 =7

i on_farm 0.5 0.56 %K

f on_farm 1.1 1.:22 %

7 on_farm 0.7 1.63 ¥y *

d on_farm 1.0 1.11 0ie
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10 on_farm 1.4 1.11 0 2 4

11 on_farm 1.5 0.56 model

12 research 5.0 4.00

Correlation yields, model = 0.9157

Correlation > 0.5 - clearly good model,
worth publizhing

1 | 0

11.5.5 Conclusions

In summary, correlations are useful, but they are also overused and misused. The misuse is
often either that a different summary of the data would be more informative (Section 11.5.3 on
the length of the season), or that a single correlation is insufficient, because the data have
structure, that needs more than one number to summarise (Section 11.5.4 on crop models).

11.6 Regression methods to study crop-weather relations

This section examines briefly the use of regression methods to construct models relating crop
yield to weather variables. This is a large subject and here just two simple examples from the
literature are used. This is followed by suggestions on the way a regression study to evaluate
crop-weather relationships could proceed.

11.6.1 Example 1: Relationship between yield & weather variables

The first study is by Huda et al. (1975) on the relationships between rice yields and various
weather variables. The 12 years of yield data are shown in Fig. 11.6a, together with a simple
regression model, fitting the trend of yield against year number.

The article does not consider the trend alone, but looks, in turn, at the 5 types of climatic
variable; rainfall, max and min temperatures and max and min relative humidity. The analysis is
the same for each variable and is illustrated for the rainfall data. There are 24 weekly values
each year, which correspond to the growing period, and these are reduced to three columns,
which are as follows:

YO0 =ZXy seasonal rainfall total
Y1 =iy (y142*y2+.... + 24*y24) a weighted rainfall total
Y2 =3i%y (y1+4*y2+9%y3+... + 242*y24) another weighted total
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Fig. 11.6a Regression analysis of Huda data

File = Open Worksheet = Huda.wor Simple Linear Regression
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304 ©
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--------------------------------------------------- - o
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This phase of initial processing of the weather variables illustrates a general complication in
studies of crop weather relationships, namely that there are many columns of possible
independent variables (weather data) compared to the single column of yield data. Here there
were 120 columns, consisting of 24 weekly values for each of the five elements. Here the initial
processing consisted of the decision to look at the five climatic elements in turn and then
reducing the 24 values to the three that are given above.

Then the regression equation given in the paper for rainfall is
yield =19.41 + 1.80T + 0.00332*Y0 - 0.000725*Y1 + 0.00000199*Y2
It is stated that ‘the coefficient of determination (R?) obtained was 0.7952 which was found to be
significant at 2.5% level.’
However, the key point, omitted in the paper, is that the simpler equation in Fig. 11.6a of
yield=12.9 + 1.82T

has an R?=0.74. Hence the important question is whether there is a case to consider the more
complicated equation, given in the paper. To assess this, we construct the ANOVA table for
the model given in the paper. The R?=0.7952, means that 79.52% of the total sum of squares
was explained by this model. The total sum of squares is 638.7, see Fig. 11.6b, hence the
regression sum of squares is 507.9 and the residual sum of squares is the remaining 130.8.
Further, the simple equation has a regression sum of squares of 475.6, so the extra sum of
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squares associated with the three rainfall variables is 32.3. These results are summarised in
the ANOVA table given in Fig. 11.6b.

Fig. 11.6b Regression table from Huda et al. paper

Terms d.f. ssq msq F-ratio
Regression 4 507.9
Trend 1 475.6 475.6 25.4
Rainfall 3 32.3 10.8 0.6
Residual 7 130.8 18.68
Total 11 638.7

This result shows that the F value for the rainfall variables is even less than 1 and clearly non-
significant. Hence there is no evidence of any relationship between the rainfall and the yield
data. The other climatic variables have similar R?. Thus the overall conclusion is that the data
show no evidence of any relationship between the yield and climatic variables.

The conclusions in the paper are simply a result of poor use of regression methods - and
presumably also of poor refereeing of the paper. A further disappointment is that the authors
and also the journal were sufficiently impressed by the approach that they published a similar
paper on maize in the following year. This type of misunderstanding, and misuse, of regression
methods has given sceptics ample ammunition to discredit the approach.

11.6.2 Example 2: Rice yields in Brazil

The second study is again on rice yields, Mota and da Silva (1980) in a worksheet called
Brazil.wor. The data are given in Fig. 11.6c¢.

Fig. 11.6¢c Analysis from Mota and da Silva paper

File = Open Worksheet = Brazil_wor
SRR
Vear Yield Area FebTmp FebSun MaxTmp MinTmp Jbshe

1957 1.8 95 13 235 273 15.6
1958 27 21 G 229 28.3 18.3
1959 29 100 5 234 26 17.3
19600 27 55 4 211 26.3 16.7

00 == | = DD P —
[ R R T L

1962 239 a7 1 211 26.3 17.3
1963 31 95 220 267 16.7
1964 23 7 216 25 17
1965 26 10 213 26.3 15.3

3 | 1966 31 30
10 | 1367 34 a4
11 | 1368 35 a5
12 | 1363 33 100
13 | 19700 41 100
14 |1 197 31 100
15 | 1972 38 100

—_
R R =y RN R = e R = R R PR o

229 25 17.7
138 28.3 17|10
227 267 173 M
247 263 18 12
216 287 17 13
229 28.7 16 14
ikl 27 163 15

()

In Fig. 11.6¢ the variables are as follows:

X1 Harvest year

X2 Rice yield (t/ha)

X3 Percentage of area sown before 30 November

X4 Days with min temp below 15°C in February

X5 Mean number of sunshine hours in February and March
X6 Mean max temp November to January (°C)

X7 Mean min temp November to January (°C)

X8 Technological trend
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The first step was to look at the correlations. There is a trend, as is seen by the large

correlation of the yield against the observation number. Hence this is fitted first, as in the

previous section.

Fig. 11.6d Correlations
Statistics = Regression = Correlation

Data to be comelated Tield 1.0000

area  0.527  1.0000
Ped LI FehTup -0.4387 -0.0811
%1[real) - FebSun -0.2994  0.1874
%2[Yield] MexTup -0.0361  0.3474
5 3Area) MinTup 0.2623  0.0202
s 4[FebTrmp| ObsMo  0.7752  0.3859
#A[FebSun) Tield Area
E(MaxT mp) =]

™| Save comelation inta

[ Dizplay confidence nteral

1.0000
0.1745
0.2085
-0.0595
-0.3992
FebTup

Fig. 11.6e Fitting the trend
Statistics = Regression = Multiple = Apply

1.0000
-0.01&20

1.0000

0.3148 -0.4719%  1.0000
-0.2533 -0.0626 -0.0744

Febiun

Max T MinTmp

Multiple Regression

Bedgresz l Eln:-t] Eave] Options ]

Fiezponze wariable [v] IKE[YiEId]

-

Axailable data kodel terms E=planatory variables [X]
Hlield] . I =2 ield) HA[ObsMo)
HAArea) #AArea)
HA[FebTmp] Y #4[FebTmp] Y
#A[FebSun] J #h[FebSun) J
B[k axT mp] B[k axTmp]
xiinTmp)—| <] [ribinTmp] <
#8[0bsMao] T #ol0beMal
—Action
i+ Fit ¥ Fit constant term
) fadd [T weighted analysiz
Multiple Regression
ANOVL for regression of Yield on ObsMo
Source df 538 Juks] F walue Prob>F
Fegression 1 Z.66175 Z.6618 19.55 0.ooo7
Fesidual 13 1.76758 0.13597
Total 14 4, 42933

B-scquared = 0.6009 {adjusted = 0.5702)

1.0000
ObsHo

Now the climatic variables are added. After some experimentation the variables X3, X5 and X7
are added, as shown in Fig. 11.6f. This is the model that is fitted in the paper. It is seen that

the effect of adding the three variables, X3, X5 and X7 does improve the fit of the model.
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Fig. 11.6f Adding climatic variables

Multiple Regreszion

Begresz l Elutl ﬁave] O ptions l

Responze variable [v] IXE[YiEII:I] j

Aryalable data Model terms Explanatory vanables [«
#1[v'ear] - #B[0bsMo]
H2Mvield) HIArea)
HAArea) ﬂ #E[FebSun)
#4[FebTmp] =T MinT mp]
=h[FebSun]

=E[MaxTmp ﬂ

%7 MinTmp) |

—Action
i Fit ¥ Fit constant kerm
E : ™ wWeighted analysis

Multiple Regression

ADD 'Area' '"FebSun' 'MinTmp!

Change df 335 luks] F walue Prob:=F
Original 1 Z2.66175 Z2.6615 39,55 0.0o0l1
Added 3 1.09461 0. 36487 5.42 00179
Fezidual 10 0.672976 0.0&873

Total 14 4,42933

The parameters of the fitted model are then estimated, as shown in Fig. 11.6g. This gives the
same fitted equation as in the paper, i.e.

yield = 0.3274 + 0.0059*X3 - 0.0133*X5 + 0.2733*X7 + 0.0725*X8

— &ction
" Fit
) fidd

" [Reset Tems)]

Fig. 11.6g Estimating the parameters of the fitted model

FEGEESSZIO0ON COEFFICIENTS
F-wariate: ¥ield

This is a better study, within which there is just one major point of concern. This is that the
variables given in Fig. 11.6¢c appear to be ones that achieved ‘statistical significance’ in an initial
phase of the analysis. There is no indication in the paper on how many variables were included
initially, but this implies an element of ‘data dredging’. The idea of ‘data dredging’ here is that
with just 15 values of the yield, if enough potential independent variables are used, then by
chance the ‘best’ are likely to fit well with the yields.

The effects of this problem can be assessed by checking the final model against new years of
data, that were not included in the fitting. In the paper, this was done by testing the model
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against the observed data for 4 further years, 1973 to 1976. The concept is good, but the extra
record is very short.

11.6.3 Conclusions and suggestions

Researchers sometimes voice scepticism about the potential of regression methods in studies
of crop—weather relations. Some caution is valid, because it is easier to find poorly executed
studies than good ones. Our view is that regression methods are useful tools in the study of
crop-weather relations if (and only if) they are well used. It is difficult and time-consuming to
conduct a good regression study and some suggestions are given below.

An alternative method for studying crop-weather relations is to use weather data as one type of
input to a physiologically based crop growth model. This process-based modelling is some-
times viewed as being in competition with the construction of a more empirically based model.
We view the two approaches as being complementary, with each being able to support the
other. The process -based models are usually based on a model for individual plants, rather
than large areas. Hence, when yield data are available for an area, it is useful to test whether
the same variables that drive the process-based model, have an equally clear effect on these
larger scale yields. Thus the process-based model can indicate the type of climatic variables
that are likely to be related to the yields. An example is given later.

We now consider briefly the necessary components for an effective use of regression methods
to study crop weather relations. A major problem in many studies is the lack of sufficient yield
data. Unless there is a long record, data from a single site will not be sufficient. One initial step
is therefore the organisation and management of the yield and ancillary data. The variables that
are normally reported in a yield trial will often include:

date of sowing soil type total dry matter insect, disease or
date of flowering soil Ph head weight pest damage
date of harvesting  level of Phosphorus grain weight

level of Nitrogen

Sometimes variables are omitted because they are not of direct concern to a particular study.
This is incorrect, because all major variables, such as insect damage, that are related to yields,
need to be included if we are to unravel the contribution due to climatic variables.

The value of any regression study should be questioned, if there is so little yield data that this
step of data management for the yields, is not needed. The study by Huda et al, (1975)
described in Section 11.1, falls clearly into this category.

The second component of the initial phase is the management and initial processing of the
climatic data. There will still be an imbalance in the volumes of the climatic and yield data and
hence some method must be found to reduce the number of potential climatic variables. This
guide has given a wide variety of ways in which the climatic data can be processed. For
example, from the initial daily data, the following variables could be calculated:

a) total rainfall between sowing and flowering

b) length of the longest dry spell in the 30 days after sowing

c) minimum value of the water balance in the 20 day period after flowering
d) maximum humidity in the 15 days before harvest

e) maximum of max temperature in the 15 days before flowering

f) final value of the FAO crop index

9) maximum wind speed in the 15 days after sowing

h) number of heat units (degree days) in the growing period

Knowledge of the pattern of growth of the crop can be used to indicate the type of variables that
are likely to be related to the yield.

Growth and physiologically based yield models now also exist for most crops. They require
climatic and other inputs. The way these models use climatic data can also be a useful
indication of the ways in which climatic variables could be transformed to be of use. For
example, if a model is very sensitive to temperature data, then it may be that the use of heat
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units in a regression model would be useful. If the process-based model shows yield to be
closely related to soil Ph, then a regression study with yields from different sites, that did not
have access to this information, would probably be of little value.

The regression study begins after the initial data management phase. From the yield data,
there may be various dependent variables that can be used. For example the head weight may
give clearer results than grain weight, because it is less affected by pest damage. Hartmond,
Williams and Lenz (1996) propose a transformation of the yield variables into crop growth rate
and partitioning. They show that partitioning is primarily genetically controlled, while the crop
growth rate depends primarily on environmental variables. Hence the crop growth rate could be
a useful dependent variable.

When pest damage has been recorded, then this could also be a useful dependent variable in an
ancillary study. Pests and diseases may be related to date of planting and relative humidity, etc.

We now turn to the independent variables, particularly the climatic, variables. Here knowledge
of the results from research will sometimes suggest that some important independent variables
may not, however, be linearly related to the yield. For example, results from Payne (1997)
indicate that millet yields in the Sahel are more related to lack of nutrients than lack of water, in
all but the driest years. If this is the case, then seasonal rainfall of 300mm at a particular site
might give a higher yield than 200mm, but above 350mm there is no relation. Including rainfall
in the regression might then not indicate a relationship, while transforming the rainfall data (for
example, make all values above 350mm into 350mm) could clarify the situation.

The importance of including the structure of the data in the model has been mentioned in
Sections 11.4.4, 11.5.4 and elsewhere, and regression studies are no exception. Here the
structure of the yields usually includes the fact that the data are from different sites. Ideally the
site factor would not remain in the final equation, but would be replaced by real explanatory
variables, such as soil fertility and rainfall.

Once the possible dependent variable has been selected, together with a set of potential indepen-
dent variables, different regressions can be fitted. The regression package that is used for the
fitting, should be able to handle a mixture of factors (like site) and variates (like annual rainfall).
Instat has reasonable facilities for this, but some other packages (Minitab, SAS, Genstat) are better.

Many packages have facilities for automatic stepwise regression or best subset regression.
These can be useful, but it is important that scientists, not the computer software, remain in
control. Often the problem of choosing the best subset of the independent variables is less
important than that of checking that the set of independent variables includes all that are
important. For example, if temperature is important, then check whether the effect is linear, or
whether a second variable, such as sqrt(temp) or temp?, would also be useful.

Care must also be taken that the regression equation reflects the data as a whole and not
simply isolated points. The problems in Section 11.5 with the spatial correlations, Fig. 11.5b
and with @nomodel in Fig. 11.5n apply equally here. The possibility of such problems can
usually be checked using the many regression diagnostics that have been developed, see the
Instat Introductory Guide, Section 17.13.

Finally we consider the issue of which software package to recommend for this type of analysis.
What is needed is a package that is easy to use, and has excellent facilities for data manage-
ment, for processing climatic data and for regression studies. For teaching purposes we are
happy to recommend Instat, but it is not powerful enough for some of the large studies that are
needed. If we had to recommend currently, then the package SAS is perhaps the best for data
management, Instat is still the only package with special facilities for climatic analyses and
Genstat would be a good package for regression studies.

Perhaps the lack of a single appropriate package is one reason that it is difficult to find the
exemplary case studies that we seek. However, with Windows based software, it is easy for
students to be use more than one package if this is needed. So perhaps soon the regression
approach to the study of crop-weather relations might redeem its good name.
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Chapter 12 — Case Studies

Three case studies are considered that use and extend the features of Instat that have been
introduced in the previous chapters.

The first example is based on a real example of supplying water for irrigation needs. It reduces
to one of estimating rainfall probabilities and percentage points through the year. This is
ostensibly simple, but is used to compare five different methods. They range from a simple
summary of observed data to the use of gamma distributions with smoothed parameters. The
results show the value of the more complex analyses, and Instat dialogues make the fitting
process into a simple routine.

The second case study is that of modelling a simple reservoir and irrigation scheme. This is
used to consider the problem of the appropriate area to irrigate given the vagaries of rainfall. It
uses an extended version of the crop performance index, introduced in Chapter 10, and
illustrates many of the steps involved in stochastic modelling.

The third example is that of analysing some storm event data. These are available for 50
storms on a 5 minute basis. This case study illustrates some ways in which these types of data
may be analysed. It also shows the care that must be taken in such an analysis and introduces
the analysis of 'circular data', because one variable is the time of day at which storms begin.

12.1 Case Study 1 - Estimating probabilities and percentage points

In Sri Lanka rice is often grown using irrigation to supplement the rainfall. The irrigation
schemes vary greatly in size. Many use reservoirs or tanks of great antiquity.

At one tank near Kurunegala the management scheme was as follows:

At the start of a week the water requirement of the crop for that week was estimated. The water
currently in the field was measured and hence the amount to be added was found.

If this entire amount were released from the tank to the field, then the water requirement of the
crop would always be fully met. However, if it rained during the week, the rainwater might be
lost; the water level in the field would become too high and water would flow over the bunds to
drainage. Clearly it would be more efficient to release less than the crop requirement, from the
reservoir, allowing it to be made up by rainfall. This would also help conserve water in the tank,
during the rainy season, for use during the subsequent dry season.

Of course, at the beginning of each week, it is not known how much rain would fall during the
week. However, rainfall records could be examined to estimate the amount to 'expect’ to get.
For example if every year of the last fifty had more than 20mm rain during the corresponding
week, it would be sensible to allow for at least 20mm of rain when calculating how much to
release. We could actually allow for rather more than 20mm, say 40mm. If less than 40mm fell,
the crop water requirement would not have been met, but the stress would be slight and the
deficit could be corrected the following week.

Some work, using a simple model to describe the water in the fields and the effect of water
shortage, arrived at the suggestion that the amount to allow for should be the 30% point of the
distribution of total rainfall for that week. Hence, the problem that is considered here is to
estimate the 30% point of the total rainfall for each week.

The data available are daily rainfall records for 34 years, 1950-1983. These are in the
worksheet Kurunega.wor, i.e. X1 - 1950, X2 - 1951 ... X34 - 1983. Weekly totals have already
been calculated, using the methods described in Chapter 5, and stored in the worksheet
Kurun7.wor. These data are stored with one column for each week of the year, i.e. X1 gives the
rainfall totals from 1 to 7 January, X2 - 8 to 14 January .... X52 - 24 to 31 December. The 34
observations in each column correspond to the 34 years of data.

12.1.2 Analyses

Five different methods of estimating the 30% point of the data through the year are considered.
The first method is the simplest and merely involves calculating the observed 30% point from
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the data, as described for monthly and decade data in Chapter 7. This analysis was originally
proposed by the consultants and criticised by the customer. Alternative (improved?) methods,
which are described here, included 'smoothing' the original estimates and/or fitting gamma
distributions as described in Chapter 11.

The five methods are all available using the Climatic = Process dialogue and we consider them
in turn.

Method 1 - The simplest estimate of the 30% point is just the observed value. Start by opening

the worksheet Kurun7.wor. In the Climatic = Process dialogue the data columns are X1-X52

and this set of columns is for the whole year, so use the circular option, as shown in Fig. 12.1a.
Fig. 12.1a Plot of 30% points for 7 day rainfall totals

File = Open From Library = Kurun7
Climatic = Process

Calculating probabilities [riskz] or percentages [return pe

Available data — Results Rezults
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PRRGE £ 1 =Hdecimals| %53
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- | By
%4 =l &
¥ Gia D
— Column structure e fan akfe ealm m 1 Model
" Separate &+ Dist

Type of data
" Ordered " Dizcrete = Mor
" Equally spaced {* Continuous " Gar
' Circular i " Mined " Bir 0 : |

Smooth [moving average]—l 10 20 30 40 a0

& Mo  Results Weeks

The plot shows that the main (Maha) wet season starts around week 38 and continues to week
50, with the small (Yaha) wet season from week 12 to week 20 or 25.

Two problems arise. The first is that the 'estimates’ are jagged, (i.e. not smooth) through the
year. This is not likely to be a 'real’ feature of the climate, but due to limited data and the
estimation procedure. For example the reservoir managers did not feel it was sensible to allow
for 16mm in week 39, but only 5 mm in week 40. Similarly, it seems unlikely that the real value
in week 42 (of 62mm) is 4 times the value in week 41 and twice that in week 43 - but that is
what the estimates indicate.

The second problem with these estimates of the 30% point is that they are not very precise.
The raggedness is a result of this. As an example, consider week 45, where the estimate is
28.9mm. An approximate 95% confidence interval, calculated by the methods shown in
Chapter 11, is 17mm to 60mm, which is rather wide. (The result follows from the use of
@quantile x45 30, Section 11.2.3.)

Method 2 involves smoothing the estimates from Method 1. There are various ways of
smoothing data. In the Climatic = Process dialogue a simple smoother is used, taking five
point moving averages. Because the columns are declared “circular”, the estimates at the end

of the year (December) use the values for the first weeks of January to make the moving
average.
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Fig. 12.1b Calculate moving averages
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Use Graphics = Plot to plot the raw and smoothed 30% points as shown in Fig. 12.1c. The
results from the smoothed estimates seem more reasonable than those from Method 1.

Fig. 12.1c Raw and smoothed 30% Points
Graphics = Plot

General } Styles and Calours l &Hes] Titles l

B0 -z
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IXEEMEEKS] vI ——————————

I Showfymbols 0

[ By factor T T T T T
[~ “wWeights ¥ Show lines 10 20 20 40 a0

¥ Include legend Weeks

When using moving averages, the choice of 5 terms, rather than 3, and also the weights are
relatively arbitrary. Some alternatives are:

3 point 0.333 0.334 0.333
0.25 0.5 0.25

5 point 0.2 0.2 0.2 0.2 0.2
0.111 0.222 0.334 0.222 0.111
0.1 0.2 0.4 0.2 0.1

For weekly data, we often find that the last two alternatives, the 5 point moving averages, with
the most weight for the central points, gives what look like more sensible results. With a more
powerful statistics package, other forms of smoothing, such as spline fitting may be preferable
to the use of moving averages.
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Calculating the precision of the estimates of the 30% from Method 2 depends on which moving
average is used and assumptions of the extent of dependence between successive weeks.
However, even conservatively, it is clear that the precision is more than doubled. This simple
smoothing is therefore equivalent to using Method 1 on a record that is more than twice as long.

Method 3 involves fitting a distribution to the weekly data and then estimating the 30% point of
that distribution. In the last chapter, Section 11.3, used the gamma distribution (plus a
proportion of zero observations) as a model. This is called “Mixed” as the type of data in the
Climatic = Process dialogue and uses the Binomial/Gamma model. There is no totally dry part
of the year so keep the Dry Period(s) in year option as None. The dialogue and plot of the
gamma model are in Fig. 12.1d.

Fig. 12.1d Gamma model with no smoothing
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Throughout the year the two estimates from the gamma model are similar to Method 1. This
suggests the model is sensible, but of course, the assumption of a gamma model should be
checked, as described in Chapter 11.

Calculating confidence intervals for the estimates from the gamma model is hard, particularly
when the chance that the whole period is dry is not small. However, approximate confidence
intervals have been calculated and are slightly narrower (estimates more precise).

Fig. 12.1e Methods 4 and 5 Fig. 12.1f Comparing raw 30% points and Method 5
Method 4 '
— Smooth [moving average] B4 -------mm e g ]
" Mo & Hesuls :
" Estimated Parameters Raw 30% point
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s
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weights[ 1 25.3.25.1 =]

D'& 1 T T T T
10 20 an 40 a0
Wealks

Method 4 takes the estimates of the 30% points from the gamma model (Method 3) and
smooths them using simple moving averages as shown in Fig. 12.1e.
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However, given that smoothing is useful, an alternative is to smooth the estimates of the gamma
parameters, rather than the final result. The 30% points are then estimated from the smoothed
gamma parameters (Method 5). The raw and smoothed 30% points are plotted in Fig. 12.1f.

12.1.3 Choice of method
The five methods are:

Method 1 Empirical 30% point

Method 2 Smoothed values from Method 1

Method 3 Estimates from separate gamma distributions
Method 4 Smoothed 30% points from Method 3
Method 5 Smoothed model parameters in Method 3

The precision of the estimates increases from Method 1 to Method 2 and Methods 4 and 5 are
more precise still. However, the assumptions also increase. The preferred method is that
which is most precise, yet does not rely on any unrealistic assumptions. Here, we believe this is
Method 5, though the extra precision may be small, compared to Method 2.

This case study, has concentrated on the estimations of a particular percentage point.

Fig. 12.1g shows the results using Methods 1 and 5 for the 20%, 30%, 50% and 80% points.

Fig. 12.1g 20%, 30%, 50% and 80%
Method 1 Method 5

160

120

801

40

A similar problem is to estimate probabilities (or risks) through the year. For example, what is
the probability of more than 20mm in each week (or decade) of the year. Here again Method 5
will often be suitable and is an option of the Climatic = Process dialogue. The results, together
with a brief description of the method, are in various reports, for example Sivakumar et al.
(1993), and an example is in Fig. 11.3x.

Finally, a sixth method is more spectacular, but could become standard in the future. If
smoothing is valuable in increasing precision, then perhaps one should smooth as early as
possible in the analysis. Method 5 consists of the following steps:

(a) The daily data are totalled on a weekly basis

(b) Gamma distributions are fitted to the weekly totals

(c) The gamma estimates are smoothed

(d) The 30% point is calculated from the smoothed gamma

It is feasible to smooth even earlier, namely at (a) with the daily data, rather than (c). Various
papers, for example Stern et al. (1982) and Stern and Coe (1984) explore these methods and
this case study was based on a University of Reading MSc project, Sooriyarachchi (1989),
which found that the sixth method doubled precision yet again.

This sixth method is considered further in Chapter 13. The importance of the results
concerning the precision is as follows: Consider a station with a 60-year record, and suppose
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that Method 1 (which is standard in many publications) is used. Now Method 2, and hence
certainly Method 5, is at least twice as precise, and Method 6 is twice as precise as Method 5.
Hence, we should have at least the same precision from less than 15 years of data, using
Method 6, as from 60 years using Method 1.

This should provide hope for the many stations in Africa and elsewhere, where short records are
common. Even when long records exist, the extra precision from Methods 2 and 5, and
particularly from Method 6, permit just the recent years to be used for the analysis. This is
useful if there is thought to be a climatic change during the period that corresponds to the full
record.

12.2 Case Study 2 - Modelling a simple reservoir & irrigation scheme

When managing an irrigation system, there are many decisions to be taken to make most
efficient use of water. This case study considers a simplified scheme to show how one of these
decisions might be taken.

The problem is an obvious one. A reservoir contains water at the beginning of the growing
season. This water can be used to irrigate a large area. However, if the whole area is planted
and irrigated, we might run out of water before the end of the season. Then the crop will fail.
Alternatively just a small area could be planted and irrigated. There would then be sufficient
water, and hence a crop to harvest, but the yield would be limited by the small area. The
question is "What area should be planted and irrigated?".

If the reservoir was the only source of water for the crop the question could be answered quite
easily. However, it rains during the growing season, and this rain falls on the crop and refills the
reservoir. The decision on the area to plant has to be taken at the start of the season, but the
total rainfall is not known until the end of the season. The answer to the question must
therefore involve probabilities, risks, or averages of the rainfall.

12.2.2 A simple reservoir

The system consists of a Catchment area, C. Assume that all the rain falling on the catchment
runs into the reservoir. The Volume (maximum water content) is Vm®. Water is lost from the
reservoir by:

e Leakage and evaporation. This is a proportion, p, of reservoir contents, per period.
o Irrigation. Water is used to irrigate an area A

Rainfall
Catchment area Reservoir volume Cropped and
(C hectares) q%) Irrigated
Area (A4 ha)
Leakage
Notes: 1 hectare = 10,000 m? Imm rain on 1 hectare = 10m3

We first show that the calculation can be done by hand, and then show the use of Instat. In the
following examples, all accounting of water inputs and outputs is done on a 10-day basis. The
initial example models a situation as follows:

Catchment, C 3 hectares

Cropped area, A 1 hectare

Volume, V 5000m?*

Leakage rate, r 0 (no leakage or evaporation)
Crop water requirement 50mm per 10 day period
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This initial example just considers the reservoir. Assume it is 4/5th full at the start. Table 12.1
shows the formulae used and the contents of the reservoir for 6 successive periods. The rainfall
was 0, 20mm, 60mm, 0, 10mm, 0 in these 6 periods. The budget show that the irrigation need
was satisfied and the reservoir had 3900m? at the end of the period.

Table 12.1 Irrigation budget, when 1 ha is irrigated

Period 10 days t 1 2 3 4 5 6
Previous contents m® X1 ®4000 3500 3800 5000 4500 4400
Leakage rate m® L=rXeq 0 0 0 0 0 0
Rainfall mm P, 0 20 60 0 10 0
Rainfall volume m® l=10CP;, 0 600 1800 0 300 0
Total available (5000 max) m® Ti=Xeq Ly 4000 4100 5000 5000 4800 4400
Water required mm W, 50 50 50 50 50 50
Irrigation required mm WP, 50 30 ®og 50 40 50
Irrigation volume required  m°®  R=10A(W,-P)) 500 300 0 500 400 500
Subsequent contents m® X=TeRy 3500 3800 ‘“5000 4500 4400 3900
Notes:
(a) Initially the reservoir is 4/5th full

(b) Period 3: W-P=-10, but negative irrigation not possible, set to 0
(c) Period 3: Final contents, x; — the maximum reservoir size is 5000

These results could be compared with Table 12.2, where A=5, i.e. 5 hectares are cropped.
Here only the rainfall value and the equivalent last two lines of Table 12.1 are given.

Table 12.2 Calculations as for Table 12.1, but with 5 hectares irrigated

Period 10 days t 1 2 3 4 5 6
Rainfall volume m® l=10CP; 0 600 1800 0 300 0
Irrigation volume required m® R=10A(W-P;) 2500 1500 0 2500 2000 2500
Subsequent contents m® X=T+R; 1500 600 2400 0 0 0

In Table 12.2 the reservoir is empty in the fourth period and the crop therefore received no
water from the reservoir after this date.

So far the model describes the reservoir, but not the crop. The crop water requirement needs to
be more realistic than just 50mm per decade and the model must also describe what happens
to the crop when the water requirement cannot be satisfied by rainfall or irrigation. To illustrate
one way that includes the crop, the FAO model (described in Chapter 10) is used to determine
the crop water requirements: the resulting index summarises the state of the crop at each stage.

Table 12.3 gives an example and shows the calculations as they can be done by hand, or with a
spreadsheet. The same rainfall data are used. Assume that PEt is 50mm per decade and use
the crop coefficients for an 100 day crop to determine the water requirements. Assume, as
before, C=3ha, irrigation area A=1ha, maximum volume V=5000m? and no leakage, i.e. r=0.

The example starts with an initial volume x,=500m°. The budget in Table 12.3 proceeds roughly
as before.

e In period 1 the water requirement by the crop is 50*0.3=15mm. This gives a total water
volume requirement of 150m?®, which can be supplied from the reservoir, leaving 350m?
at the start of the next decade. The crop requirement is satisfied, so the index remains at
100.

¢ In the next decade, 50*0.7=35mm is required by the crop. The rainfall provides 20mm
leaving 15mm, or a total of 150mm to be met by the reservoir. In this period the rainfall
has also replenished the reservoir by 600m?, leaving 800m? at the start of the third
decade.
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Table 12.3 Reservoir calculations and crop water satisfaction index
Reservoir calculations

Period 1 2 3 4 5 6 7 8 9 10
Previous volume 500 350 800 2600 2200 2000 1400 800 300 0
Leakage 0 0 0 0 0 0 0 0 0 0
Rainfall (mm) 0 20 60 0 10 0 0 0 0 0
Rain volume 0 600 1800 0 300 0 0 0 0 0
Total 500 950 2600 2600 2500 2000 1400 800 300 0
Water required 15 35 50 50 60 60 60 50 45 30
Irrigation required 15 15 0 40 50 60 60 50 45 30
Irrig. volume required 150 150 0O 400 500 600 600 500 450 300
Reservoir contents 350 800 2600 2200 2000 1400 800 300 0 0
Index calculations
Period 1 2 3 4 5 6 7 8 9 10
Rainfall 0 20 60 0 10 0 0 0 0 0
PEt 50 50 50 50 50 50 50 50 50 50
Crop Coefficient 0.3 0.7 1.0 1.0 1.2 1.2 1.2 1.0 0.9 0.6
Water required 15 35 50 50 60 60 60 50 45 30
Surplus or deficit -15 -15  +10 -50 -50 -60 -60 -50 -45 -30
Irrigation 15 15 0 50 50 60 60 50 30 0
Final deficit 0 0 0 0 0 0 0 0 -15 -30
Index 100 100 100 100 100 100 100 100 97 90

Total water required = 455mm

e The third decade has 60mm of rainfall. This is more than the crop needs, hence no
irrigation is used and 10mm remains in the soil for the next period. The rainfall has also
helped the reservoir to attain 2600m?.

¢ In the fourth decade there is no rain. The crop needs 50mm, of which 10mm is given
from the soil, leaving 40mm to be met from the reservoir.

Fig. 12.2a Data for reservoir Fig. 12.2b Crop performance index dialogue
example Climatic = Crop = Water Satisfaction Index
e | %
rair pet coeff
1 1] a0 0.3 . o o :
5 a0 = 07 Starting/Cantinuation l [rrigatiar l Options l
i Eg gg 1 R ainfall data E vaporation [T Save
5 10 50 1.2 |><1 < |><2[pet] -|
B a a0 1.2 Wolpe] Crop Coefhicients
7 1] a0 1.2 p& -
= 5 o 1 % coefl] [Ratcoctl] 7]
9 1] a0 049 g
C t | =
10 0 50 06 apaciylEn =
11
—Analysis
&+ All periods
" Partial
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The calculations then proceed to the penultimate period when the crop lacks 15mm of the water
that it requires. This is about 3% of its total requirement, hence the index drops by the 3% to
97. In the final decade it drops a further 7% to its final value of 90.

This example can also be done in Instat, because the crop performance dialogue, used in
Chapter 10, contains a reservoir option. To analyse the data in Instat use File = New
Worksheet. Enter the data shown in Fig. 12.2a and name the sheet Reserve.wor. Or use this
worksheet from the Instat library.

Click on the lIrrigation tab in the dialogue, to give the screen shown in Fig. 12.2c. Change
values as necessary to correspond to those in this figure.

Click on the Starting/Continuation tab, to give the screen shown in Fig. 12.2d. Choose a fixed
starting period, and specify that it is period 1.

Fig. 12.2c Irrigation tab on dialogue Fig. 12.2d Starting tab on dialogue
Main] Starting/Continuation ] Irrigation l Dptiu:uns] Main] Starting/Continuation l Irigation ] IjIZ'ti'I'r'IS]
— lrrigation parameters %' Starting options
Rainfall or period/day to start the zeasan
parameter columm I.‘><4 vl ~ ) i
 Edit existing " Total Fraction of evaparation
Starting period is ﬁ Calendar

Cropped area |1 ha of given in I .,I
Reservair volume |5DD[| cu. metres
Catchment area for rezeryoir |3 ha

Leakage [fraction of cantentz) IU per peniod

Iritial contents of reservair |5|j|j cu. metres

— Optians far rainfall an reservair and crop

When this is run, the results are as shown in Fig. 12.2e for the reservoir and 12-2f for the crop.
They are the same as shown earlier in Table 12.3.

Fig. 12.2e Results for the reservoir Fig. 12.2f Results for the crop index
CFOP performance index Total water requirement = 455mm.

. . . . Period WE. Fa Sur/Def  Index
Analysizs for rainfall data in rain Date Crop mm - -
Catchment area = 3 km. =g 1 1 15.0 0.0 0.0 100
Feserwolr capacity = 5000 Cu. Ii. 2 1 5.1 a.0 0.0 100
Initial wol. = L00 Cul. In. 3 3 500 10.0 0.0 100
Area irrigated =1 km. =9q 4 3 500 0.0 0.0 100
Fate aof loss = 0.000 per period 5 a 6.0 0.0 0.0 100

. . . 6 5 60,0 0.0 n.n lon
Period FRainfall Eeservoir (ou. m.) 7 5 G0. 0 0.0 0.0 100
[mm. ] Needed Remaining & 7 500 0.0 0.0 100
. . — St 9 8  45.0 0.0 -15.0 97
z Ay — b 10 9 30.0 0.0 -30.0 90
3 &0 n Ze00 .
4 1 400 2200
L 10 Lono 2000
£ 1 &00 1399
7 1 &00 799
g 1 500 299
9 1 450 0
10 1] 300 0

Any of the options from the crop dialogue can be used. Hence the soil capacity (etc.) may be
altered. Similarly, the effect of changing the cropped area, A, the catchment area, C, or the
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initial contents of the reservoir may be investigated by altering the corresponding values in the
dialogue.

12.2.3 Application to Madawachchiya, Sri Lanka

Madawachchiya is in the northern region of Sri Lanka, which receives two wet seasons each
year. The main wet season from October to December is used to grow a rainfed crop of rice.
The rains during the second wet season (March to May) are too unreliable to allow a second
crop, unless supplemented by irrigation. This area of Sri Lanka has many reservoirs (or tanks)
which are used to supply irrigation water. The managers of every system have to decide what
area can be irrigated.

Consider a scheme as follows:

Cropped Area, A 1 ha
Reservoir Volume, V 200,000 m®
Catchment area, C 200 ha
Leakage coefficient, 4 0.05

It is assumed the reservoir is always full at the start of the second wet season and that planting
takes place in the first decade of February (period 4 of the year). Rainfall data are available for
85 years from 1891 to 1978 (excluding 1914 and 1921). This has been summarised into 10-day
totals. The Instat worksheet Madaw.wor has a column for each year.

As an example, when 80ha are irrigated, the values for analysing the first year are as shown in
Fig. 12.2g.
Fig. 12.2g Crop analysis for 1891 from Madawachchiya

File = Open From Library = Madaw.wor
Climatic = Crop = Water Satisfaction Index

Crop performance index Mainl Starting/Continuation llrrlgatmnl 0

[rrigation parameters

Starting/Contitiation Irrigation % Creat
] réa E.n%w parameter column IKEE

Rainfall data E vaporation (" Edit existing
[« < [x86(Evap) ] Cropped area T
W07 = Crop Coefficients Reservair volume 00000
L IKB?[EDEH] - I ;

e Catchment area for reservoir 200

§§ Eapa-::itylEEl ﬁ Leakage [fraction of contentsz] nos

a7 LI Initial comtents of reseroir |2|:||:||:||:||:|

; Mainl I Starting/Continuation ” Irrigation l Cptior

—&nalyziz

&l periods {* Starling options

" Partial R ainfall or period/day ta start the seazon

= Tatal 1 Fraction of evaporation % Fized |
|Starting penod iz I?l_ﬁ Calendar I

Fig. 12.2h shows the results from the first year.
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Fig. 12.2h Results for the reservoir and crop for year 1

hnalvsis for rainfall data in X1 Total water requirement = S50mm.
Catchuent area = 200 kn. sq Feriod WE. Ra sur/Def  Index
Feserwolr capacity = 200000 Cll. . Date Crop mm i ik}
Initial wol. = 200000 Cll, I. 4 1 55.0 0.0 n.n loo
Area irrigated = 80 km. =q 5 1 55.0 0.0 0.0 100
Rate of loss = 0,050 per period ] z E5.0 n.o n.o 1a0
7 3 E7.5 n.n n.n lon
Period ERainfall Reserwvoir (cu. n.) 2 4 k7.5 0.0 0.0 1na
[mm. ) HNeeded Remaining 9 & E7.5 n.o 0.0 100
1 - 195080 10 f G2.5 n.o n.n loo
2 20 ==-—- 200000 11 7 G2.5 1z2.2 n.n loo
3 1 e 1593040 1z g G2.5 .o 0.0 loo
4 a 36858 1642a0 13 a 62,5 3l.5 n.no loo
L a 37406 134830 14 10 62,5 EE.1 n.n loo
3 1 44000 40548 15 11 0.0 &0.0 loa.4 a7
7 15 31776 B36685 16 1z E0.0 0.0 n.n a7
g 27 24R64 103160 17 13 0.0 n.o n.n a7
q 1 46000 Sa752 15 14 0.0 n.o n.n a7
10 a7 28664 78591 [Loss from surplus = 3.0 in 1 periods)
11 75 0 200000 '
1z 39 8750 Zo0ooo
13 a4 0 200000
14 =1 3) 0 200000
15 163 0 200000
16 1 0 190000
17 1 32000 143500
15 1 40000 101075

This can be repeated for each year with the dialogue shown in Fig. 12.2i.

Fig. 12.2i Crop indices for each year

Crop performance index

Main l Starting/Continuation l [rrigation l Optionz l
Rainfall data Ewaporation W Save resultsfinto
<178 | <] [xeeEvapl x| %89 <
?2 il Crop Coefficients ﬁgg o
4 IXEF"[EDEH] - I w01
=4 ®92 _I
ig Eapac:ltylsn ill 33
407 ;I " Save 4l

I * Save final value |

The data in X89 can now be analysed to assess the risk of a low crop index when 80ha are
irrigated. This can be done by using Statistics = Summary = Describe for X89 and requesting
“Proportions” for 80, 90 and 99.99.
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Fig. 12.2i Crop indices for each year

Descriptive Statistics Descriptive Statistics
i — Standard statiztics—
Axvailable data ol &
e < Count
- kirirnLim Nao. of ohzerwations a5
%2 b i Minimum 54. 581
ii Fleires M imim 100
Range 45,419
®h tean
S Mean 9z2.71a
e Standard dewiation gtd, dewiation 10,017
w0 Count <= &0 13
%9 =l addiional statistics Count <= 90 24
Count <= 99,99 Lo
. % of data <= &0 15.3
[ Percentiles % of data <= 90 28.2
|7 Proportions |<=j|8|:| 909599 % of data <= 99.99 5G.8
IV Counts ¥ Resultz as percents :

This shows for example that there are 24 years = 100* 24/85 = 28% of the years when the final
crop index was less than or equal to 90.

Fig. 12.2k shows the use of a macro that plots the risk of a low crop index for cropped areas (A)
of 20 to 160 ha.

Fig. 12.2k Calculating the risk for areas A = 20 to 160 ha
Submit = Run Macro select Clim_12a.ins from Climatic library

Runmaco B
— Directony—— Macra file name R|5k fDI' AI‘EE=2D tD 160 ha
= Curment |FiIes'\instat'\instat\climlib\.EIim_'l Z2alMs 1 — EDha
" Local 4|:|h8
& Climatic . 08— Elha
" General - SDha
— Parameters 06 100ha
ho o~ 120ha
Hone S — 140ha
' Parameter valuss 0449 — 160ha
0.21
Help Rezet Cancel ok
D T T T T T
G0 70 g0 a0 100
Index

Fig. 12.2k shows the graph from a sequence of analyses with areas from 20 to 160ha. It shows
a low risk of crop failure when 20 or 40ha are irrigated (bottom 2 lines in Fig. 12.2k). With 60ha
irrigated, the risk that the index, I, will end up being less than 90 is very low, but there is about a
40% chance that 1<100, i.e. that the water requirement is not completely satisfied. At the other

extreme, with 160ha irrigated, there is a 50% chance that the final index will be less than 75.

12.2.4 Costs, profits and decisions

The analyses above may be sufficient to estimate what area to irrigate. For example, 40ha is
only slightly more risky than 20ha and will give twice the yield, unless the crop fails. Fig. 12.2k
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shows that the chance of crop failure is low. There seems relatively little risk with 60ha, but
above 60ha the risk begins to rise in terms of the value of the final index. Perhaps an area of
80ha is a reasonable value.

To go further needs information on how the index is related to yield and how much the crop is
worth.

To illustrate one method we make some crude assumptions, that the maximum vyield is 6 tonnes
/ha and is related to the index, |, as shown in Fig. 12.2I. This models the yields as 6ha if the
index, |, is greater than 95. The yield decreases linearly to zero as the index drops to 70.

Fig. 12.2I Yield per hectare v Crop Index

Yield per hectare v crop index

Yield

[:I I I I I
S0 g0 70 80 90 1010
Indesx - |

Fig. 12.2m shows the way this relationship allows the indices, saved in x91 to x98, to be
translated into yields and income. If the price is 1 unit per tonne then the income=Area*yield.
Hence the income each year and the risk levels can be calculated for given areas.

Fig. 12.2m Calculating "income"
Submit = Run Macro select Clim_12b.ins from Climatic library

Columty Pr.<=200 Pr.<=400 Pr.<L=c00 Mean Min. Ma.
20 1 1 1 120 120 120
40 0.0118 1 1 235.9 143.7 240
60 0.0353 1 1 341.7 0 360
&0 0.1529 0, 2824 1 394, & i 430 |
100 | 0.z 0.3294 1 al6.9 | o £00
120 0.2588 0.4353 0.7059 405 0 720
140 0.3412 0.5529 0.7294 366, 3 0 540
160 0.4524 0.6235 0.7882 320, 5 0 960

Suppose 400 units is the minimum income required. Then this can be achieved with lowest risk,
28%, by irrigating 80ha. However, the maximum income with this area is 480 units.

An alternative would be to maximise the expected (or average) income, and this is at 100ha.
However, this may not satisfy the subsistence farmer, who has to survive each year, not just

maximise the long-term income. In 1 year in 5, irrigating 100ha returns an income of less than
200 units.

The cost of the land preparation and planting can also be included. If this is assumed to be
equal to the value of 1 tonne per ha, then the expected profit (i.e. income - cost) is very similar
from irrigating 80ha as 100ha.

12.2.5 Further options

Currently the model is merely a simple water-budgeting exercise. There are many ways it could
be made more realistic. However, care should be taken in building complex models, unless
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data are available to validate the models. Ways in which the model could be extended include
the following:

e More realistic rainfall data. One extra option in the reservoir model is to allow a
different distribution of rainfall to the reservoir and the irrigated site.

e More realistic modelling of the reservoir. In particular, the run-off process of the
catchment could be included. The run-off will also be related to rainfall.

e More realistic crop model. This could include multi-layer soil models, plus a
physiologically based growth model. The possible effects of pests and diseases could
be included.

e More flexible strategies for the use of water. In practice, reservoir managers would
have options, each period, of providing less than the total water requirement, or cutting
supplies to part of the irrigated area.

12.3 Case Study 3 - The analysis of storm data

This is a summary of data collected as part of a detailed hydrological study in Malawi. The data
are from a continuously recording rain gauge installed in Bvumbwe catchment. The gauge
recorded cumulative rainfall on a paper chart that was changed every 24 hours. The data are
therefore recorded in analogue form, i.e. as a line on a chart, and were digitised before analysis.
For this study the digitising was done by recording the date and time that each rainfall event
(storm) started. Throughout the storm the rainfall falling in each 5 minute period was read from
the chart and recorded as an intensity in mm per hour.

The main objective was to recommend ways in which such data could usefully be summarised

and analysed. Data for the first 50 storms of the 1983/4 rainy season are in the Instat

worksheet called Storm.wor as follows:

X1 - X50 contains the 5-minute data for storms 1 to 50. These columns are of various lengths,
depending on the duration of the storm

X51 - X54  are each of length 50, where

X51 day of each storm

X52 month

X53 year

X54 starting time, in minutes after midnight

The analysis is in four stages. The first is an exploratory look at the data. The second stage is
to consider some of the standard summaries for this type of data. Then we look at different
units on which results may be required and finally try further analyses of some of the summary
data.

12.3.2 The exploration phase

The exploration stage includes a simple display of the data and a graph of the profile of the
storms through time. Some results are shown in Fig. 12.3a. The display of the data uncovers
some possible problems immediately. All columns begin with a zero, and many, such as X1,
have many zeros at the end. Some have zeros in the middle, for example X8 has more than 3
hours of zero rainfall in the middle of the storm. Given that the data includes multiple storms on
the same day, why were these data all considered as part of the same storm? A possible
answer is that some studies recommend that rainfall events be considered as different, only
when there is more than 6 dry hours between them.
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Fig. 12.3a An initial look at the storm data
File = Open From Library = storm.wor

W1t | W2 | W3 | M4 | W | HE wE1* | wE2 | wEF | wE4 |

st | stmZ | stm3d | stmd | stmb | #tmb day month Wear shark
1 | OO0 003 000 000 000 000 1 14 10 a3 93
(2 | 10B3 230 000 000 542 017 2 15 10 a3 i
(3 [ 33¥6 293 362 236 1483 017 3 15 10 a3 933
4 | 2067 283 183 3790 1823 017 4 15 10 a3 125
5 | B33 252 071 5351 3714 017 5 16 10 a3 aEy
B | B33 2¥3 000 3382 11.73 017 B 27 10 a3 BE
F | @m 4vs 000 1058 1502 017 7 27 10 a3 1142
(8 | 386 430 112 3093 873 017 g 28 10 a3 115
9 | 4R 0B1 123 4352 595 017 | K 10 a3 953
a0 [ 1115 023 683 1301 B11 017 10 2 11 a3 200
a1 [ 341 033 B14) B75 017 11 3 11 a3 F00
12 | 394 014 395 BFE 07 12 13 11 a3 947
A3 [ 226 0.1 BR4 273 07 13 15 11 a3 1023
14 | 086 027 B.73 1.73 013 14 16 11 a3 141
15 | 056 484, 173 012 15 23 11 a3 1097
A6 | 043 5393 173 012 16 27 11 a3 11a2
A7 | 042 1364 178 012 17 28 11 a3 763
a8 | 042 1681 064 012 18 23 11 a3 a2
13 | 000 1637 0B4 012 19 1 12 a3 B85
20 | 000 E.28 012 20 1 12 a3 av4

Fig. 12.3b Plotting the data from individual storms

Manage = Data = Regular Graphics = Plot
Sequence P
4 J . General l Stulez and Calours ] Ares ] Titles ]
& Seguence ( Singlevalue Dates Y- Wariable(s] Dk
~ Sequence definition——————— |10 #1143 LI “war I
EE - 1 st ] il
From [5 #2stm?) wvar |
HA[=tm3] I —
To IEEIIJ ezt .
S5 st ] — Reference Lines
I steps of |5 . #B[ztmE] .
"FI" Fram \7ietm?] - Haorizontal I_
@ Top A ariable Wertical I
&5 B e
™ By factor I Shaw symbals
[T “weights ¥ Show lines

¥ Include legend

The graphs in Fig. 12.3c seem useful. Sets of graphs can be tiled and studied in turn. If
necessary a graph can be scaled differently to look at part of the storm profile.

To repeat for all columns would be tedious, so a small macro was written as shown in

Fig. 12.3d. It plots five storms at a time. The graphs give a good visual impression of the data
and also uncover a second type of problem. Some storms seem to stop in "mid-air", as in
X3(stm3). It is not clear if this is genuine, or a breakdown of the equipment.

Two general points can be made at this stage. The first concerns the availability of information
about the data. The queries above, concerning the data, are typical that an exploratory
analysis will usually give rise to some questions. These can be answered by reference to the
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raw data, in this case the charts, or by good documentation of the data, or by the availability of
someone who understands the data well.

Fig. 12.3c Resulting graphs

Storm data from Bvumbwe, Malawi Storm data from Bvumbwe, Malawi

30 ¥ — st W = strmd
W — stm2 M —stms5
M --stm3 A0 ¥ stmf

204

10. 204

0 : = . . v T T | |
0 20 40 B0 g0 10 0 20 40 G0 a0 10
Minutes Minutes

The first possibility, namely inspection of the charts, is usually only feasible if the data are
analysed where they are archived. This is desirable and becomes more feasible as countries
get good local computing facilities. The second possibility, normally the availability of good
documentation is, unfortunately, rare and is often only possible if the initial analyses were
conducted on-site. The third possibility, an expert on the data is more common. However, this
amounts effectively to leaving some of the database information in the heads (or filing cabinets)
of the staff who are responsible for the data. This is fine while staff remain, but any transfer of
these staff takes away part of the database!

The second general point, illustrated by the macro in Fig. 12.3d, is that analyses of non-
standard data sets usually involves more time on organising and manipulating the data than on
the actual analyses. This data management phase requires a good knowledge of the software

being used.
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Fig. 12.3d Macro to plot 50 storms

¥+ Editing FIG12_3D.INS

|hute FIGlZ 3d.IN3 to calculate kinetic energy
restore : warn off : echo off
£1=1 : %2=51
par 1
loop 1; repeat 50
select x%1; into x%2; if x%1=1
par & ®x%2; int 2
loop 2; 1if %pZ-0
par 1 %plx%Z2
XEZ=x%2/12%(11.9 + 20.1%1nix%2))
loop 2
Fl=%1+1 : %Z2=%2+41
loop 1
3tats %pl:; sum =109
describe x109; median
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Within Instat the macro used in Fig. 12.3d was written just for this problem. It is therefore the
type of macro that would normally become part of a personal macro library, but it is not general
enough to be useful in the local site library.

Once you have finished with the graphs, they can be removed in turn, or all at once using
Window = Graphs = Close All.
12.3.3 Summary statistics

The second stage is to consider standard summary statistics from the storm profiles. The
following characteristics of storms are often calculated and their distribution found:

o total rainfall

e duration (minutes)
e maximum intensity
e average intensity

These statistics can be calculated with the Statistics = Summary = Column Statistics dialogue
as shown in Fig. 12.3e. The resulting columns are each of length 50, hence are summaries at
the ‘storm level’. There is however a difficulty, which is typical of analyses done 'automatically’.
The exploratory analysis showed that some columns, such as X1 (the first storm), have many
zeros. This does not affect the total rainfall (X59), nor the maximum intensity (X58), but it does
affect the duration (X56) and therefore the mean intensity (X57).

Fig. 12.3e Summary statistics for 50 storms
Statistics = Summary = Column Statistics
(with Save tab to save summaries in X56-x59)

Column Statistics
G | 15 Cipti
SAENEE l =R l Column Count HMean Max. Jum
Auwvailable data — Skatistics required #36 ®37 #a8 w33
150 <] IV Count [ Minil s ep1 a2 1.345 33.76 110.3
#1[zt1) - ¥ Sum v Mad |stmz 14 1.715 4,752 24.01
s2stm2) T [l T stw3 10 1.555 6. 834 15.55
ﬁ[stmi] v Mean [ Meq |srng 79 4.652 59,51 367. 5
KEEEEEE} FERD ™ Miss |stus 19 6. 367 18.23 121
KE[StmE] . ez m s = s mmEEs  mssE=zs: === zgn
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Fig. 12.3f Storm statistics after excluding zero periods

Manage = Data = Clear(Remove) = X56-X59
Statistics = Summary = Column Statistics

Ee-neral l Eave] Optionz l

[ Restrict data values between IEI.I:IEH and I

Column Statistics
Colum Count Mean Max.
W56 ¥57 ¥E5R
stml 17 5. 485 53.7
stn? 13 1.847 4.75
Stm3 & 2,592 6.83
stnd 77 4,773 59,5
Stws 18 5.721 15.2
Stndé 13 1l.8 63.1
stmdd g 7.421 27.8
stmS0| 7 0.2833 1.8

Sum

¥59
& 110. 3
2 24.01
4 15. 55
1 367.5
3 121
& 150,49
1 592,37
a 1.983

Here, as the problems have not been resolved, we have chosen to restrict the calculations to
the non-zero values. Hence, of the Column Statistics dialogue is used again with the Restrict
data values option as shown in Fig. 12.3f, to ignore all zero values.

The count in X56 is for every 5 minute period, so is multiplied by 5 to find the duration of the
storms in minutes.

: X60 = X56 *5
Fig. 12.3g Summary statistics of the 50 storms

Statistics = Summary = Describe
(used as here, and then for x60 with units changed to “minutes”)

Deszcriptive Statistics

Descriptive Statistics

&vailable data — Standard statistics — — Additional stati [0 Luun xag

- LI E'?'u_nt L[ Staads Ho. of observations a0

1zt ] - Miniraum V¥ Median Minimum 0.2 mo/hr

#2(3tma2]  awirnuirn [Mactimm §4.4 mm/hr |

KB[Stmm Fange I_ [uartiles REI].I:I'E Gd, 2 mm/hr

e i  High Mean 20.0 mm/hr

igher mol

ig{i:mg% biisen » J Srd. deviation 33,2 mm/hr

w7 [ztm 7] Standard deviation [T Sumsz af = | Median g.1 mm,-’hrl

#B[ztm3] - :

#3(ztm3) ﬂ v additional statistics I™ Cosfficient
Descriptive Statistics

[ Percentiles Colunn HEn

I™ Propartions No. of ohservations 50

[~ Counts Minimum & minutes
Maxinum 885 minutes
Fange S50 minutes
|Hean 135 minutesl
2td. deviation lel minutes
Median 80 minutes
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A summary of the resulting data (Fig. 12.3g) shows that the maximum intensities have a median
of 8 mm/hr and a maximum of 84 mm per hour. The durations have a minimum of 5 minutes,
mean of 135 minutes and maximum of 885 minutes.

Many other summaries are possible and one more is considered here.

The kinetic energy is sometimes required. This is difficult to measure and depends on drop
size. Various approximate formulae have been proposed, one of which is

KE=11.9 + 20.1 * In())

where KE is in joules per m? per mm of rainfall, i is the intensity in mm per hour and In(i) is the
natural log of i. Here, with 5 minute data, any value of i in 5 minutes corresponds to a total
rainfall of I/12mm per hour, hence the associated KE, for that period, is given by
KE=i/12*(11.9+20.1%In(i))
For each period of the first storm, X1, the corresponding kinetic energy could therefore be
calculated, and stored in X71, by
: X71=X1/12*(11.9+20.1*In(X1))
The macro called Clim12d.ins calculates the kinetic energy (KE) for each period of the 50
storms into X71-X120, calculates the total KE for each storm in X61 and then summarises the
data in X61. The calculations are restricted to 5 minute periods with an intensity, i >1. In
general, the low intensity values contribute little to the KE, and some lower limit must be set.

The formula cannot be used for the many very low values in this set of data because they give
negative values to the energy!

Fig. 12.3h Macro to calculate KE for 50 storms
Submit = Run Macro select Climl2d.ins from Climatic library

Runmaco  Ejitee x61
- Directory MBI = [Wo. of chservations 44 |
" Current |Files'xinstat'xinstat'xc:limlithIimj 2d.IN5 Minimum Z joules/us
 Local Maximum 2550 ‘|Dules;’ms§|
aca Range 2878 joules/usqg
* Clirnatic Mean 529 joules/mag
G | Std. deviation T0d joules/ns
EhEla IHE dian 179 joules/ns ql
— Parameters
' plaone

The results in Fig. 12.3h show that there were 44 storms with a peak intensity >1. They had a
median KE of about 180 and a maximum of nearly 2900 joules/mZ.
12.3.4 Units of analysis

The 'unit' of analysis for the storm data is now considered briefly. There are two levels in the
data, one is the 5-minute level of columns X1-X50 and the other is the storm level, with data in
X51-X59 and X61. Much of the work so far has been on the calculation of storm level data from
the 5-minute data. Four questions are considered to illustrate the concept of different units, all
related to the proportion of rain that is at an intensity of >25mm per hour. Some can be
answered from the data already generated, while others require more analysis.

1) What proportion of storms has at least 5 minutes of rain at an intensity >25mm/hour?

2) What proportion of days in December has (at least 5 minutes of) rain at an intensity
>25mm/hour?

3) What proportion of rain falls at an intensity >25mm per hour?
4) What proportion of rainy periods has rain at an intensity >25mm per hour?
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Fig. 12.3i Plot of maximum intensity v date

Manage = Calc Graphics = Plot
T
date(x51,x52 1900+x53) - date(30,9.1933) General l Stylez and Colours l bres l Titles l
= Data Available - Yariable(s] — Dverlay
LI 2 T Ol R -
4 h b = { | exp #=1(ztm1] ﬂ
—l —l —l _l _l _l w2(stm] Al I
?l Bl 9| *| | In| #.3(stm3)
] #F[stm?) Fdstmd] — Reference Lines
pi | 0 | _ | / | - ||:||_:|| salsmd) = ﬁg%g:mg} .
; Cove ™ inacalumn i stmi) j Horizantal I25
¥ Further functions I o I_ . . !
result { " in a canstant 4 ariable Vetical  [51 5925
b aths l Logical l Summary l Probability ll I><E:2 j
™ By factor ¥ Show symbals
I Year Mon | ‘wWeek| Dek I— Weights p S fircs

Heln
The graph in Fig. 12.3g is one way of answering the first two questions. This plots the
maximum intensity against the date. The day (x51), month (x52) and year (x53) columns have
first to be combined to give a day number. One way is

: X62 = date(x51, x52, 1900+x53) — date(30, 9, 1983)
This gives 1% October 1983 as day 1. The dialogue is shown in Fig. 12.3i.
For the first question, where the unit is the storm, Fig. 12.j shows that 17 out of the 50 storms,
i.e. about 30% of storms, included rainfall at an intensity of >25 mm/hour.

Fig. 12.3] Resulting graph

£ A 4
IR e o B
E 4
= A A t
[ S O F S S (R S S
E A
E
2 254---H--mmme e T ——————— B — T
L 1
=

g t A f ‘& T

20 40 80 80 100
Dray number (from 15t October)

For the second question, the unit is a day. Fig. 12.3j shows that there were 8 storms in the 31
days of December with rainfall intensity > 26mm/hr. However, 2 days each had 2 of these
storms, hence there were 6 December days with storms > 25mm/hr, i.e. about 20% of days,
just over one day per week.

The other two questions need the calculation of further summaries. Use Statistics = Summary
= Column Statistics, Fig. 12.3k, restricting attention to the values in X1-X50 that are >25mm/hr.
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Fig. 12.3k Summary statistics for third and fourth units
Statistics = Summary = Column Statistics

Column Statigtics Column Statistics
Gensral l Save | Options | STA X1-X50:COU XE3:5UM X64:RES 25.01
Aovailable data Statigtics required Column Count Aum
— o " x63 Hed
#1150 < | I LCount
w1 [ztm1] ;| ¥ Sum stml 1 33.76
— stme 1] E
Column Statistics St 0 %
i . stmd 5 205.7
General l Eavel Options l
¥ Restrict data values between IEE.D'I and I stm-’-lﬂ 2 lIIIE 4
stmd9 1 27.81
Column Statistics |stm5I:I o ¥
General l Eavel Options l 7 100%zum (x64) Aeum (59
e N 41.871
W i5ave statistics : 2 100%zum (®63) /oum (x56)
3.1758
Count B3 -
= B4 -

Then a mm of rain is the unit for the third question, so consider the totals in X64 compared to
the overall rainfall totals in X59 for the third question.

: 2 100 * sum(x64)/sum(x59)
The result, shown in Fig. 12.3Kk, is that 42% of the rainfall falls at an intensity of >25mm/hr.
For the final question, compare the number of periods at high intensity, in X63, with the total
count of wet periods.

: 2100 * sum(x63)/sum(x56)
The result, also in Fig. 12.3k, is that only 3% of wet periods were at high intensity.
The above analyses provided 4 different answers concerning rain intensity greater than 25mm
per hour. The answers range from 3% of the periods to 15% or 30% of the storm, to 42% of the
rain. We should not look for the right answer because each corresponds to a different question.
They act as a reminder that analyses must relate to the precise objectives of the study.
12.3.5 The analysis of circular data

The final stage, looks briefly at the time of day at which the rainfalls begin. The data are in X54,
recorded as minutes after midnight. They are first transformed to hours, then the analysis
begins with a simple graphical display, using a stem-and-leaf plot, Fig. 12.3i.
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Fig. 12.3I An initial look at the time of the start of the rains

Manage = Calc (or type command)

X65 = X54/60
WE1* | #E2 | WEI | HE4 . #ED
day  month  pear | start
1 14 10 g3 7a3 13.22
2 15 10 a3 T 1.28
3 15 10 g3 939 15,65
4 15 10 283 1128 18.75
5 16 10 83  B8E7 14.45
E 27 10 a3 GG 1.10
7 27 10 a3 1142 19.03
g 28 10 g3 115 1.92
9 ) 10 83 983 15,88
10 2 11 g3 800 13,33
11 3 11 g3 700 11.67
12 13 11 83 947 15,78
13 15 11 283 1029 17.15
14 16 11 a3 14 235
15 23 11 g3 1097 18.28
16 27 11 a3 1182 19,70

Graphics = Stem and Leaf

Stem and Leaf

[ ata to be digplayed

P ial 4

[+ Do not tim estrerne values

STEM & LEAF DISPLAY FOR X6&
Min=0 Maw=23 No. ob=z.=50
23 1z represzented by 2:3 3

| 0:0-1 01111 |
7 0:2-3 23
! 0:4-5 5
11 0:6-7 667
13 0:5-9 88
15 1:0-1 01111
lilzy  1:2-3 223333333333 |
z0 1:4-5 4445555
13 1:6-7 6877
a 1:5-9 58599
4 z:0-1 011
1 2:2-3 3

The results in Fig. 12.3] show that most rainfalls start in the early afternoon, however, there is a
slight hint of bimodality, with 5 observations starting just after midnight. Although the sample
size of just 50 storms is small, there is a general point, that bimodality usually has an
explanation. When dealing with structured data, the complication can often be explained by
some element of the structure.

Here an examination of ‘Month’, in X52, and the data in X65, Fig. 12.3Il, shows that three of
these five observations are from the beginning of the season, i.e. in October. When the
October data are removed the bimodality disappears, Fig. 12.3m.

The next step is to give some summary statistics for X65 (or X66) and care is needed, because
the data are circular. To take a simple example, suppose there were just 2 rainfalls, which start
at 11pm and 1am. The mean is midnight. If they are coded in the same way as X65 and X66,
they would have the values 23 and 1, giving a mean of 12, i.e. midday! Fig. 12.3n shows this
problem in Instat, where the Statistics = Summary = Describe dialogue gives a mean of 12
o'clock. There is also a correspondingly large standard deviation, for these two observations,
though they are close together on the circle of 24 hours.

240
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Fig. 12.3m Remove data in October

Manage = Reshape = Select Graphics = Stem and Leaf for X66
Select | STEM & LEAF DISPLAY FOR X66
Hin=0 Max=23 No. obhs.=41
* Select by condition 23 iz represented by 2:3 3
&vailable data Ik 2 O0:0-1 01
WE i| “Fh 4 0:2-3 23
) 0:4-5 5
=1 [zt il *Bh 5 0:6-7 667
= 2ztm) =BT
% 3stm3) 69 10 0:5-3 &8
4 [ztmd] SR 15 1:0-1 01111
B[ tmb] hd =70 {11y  l:2-3 22333333333
15 1:4-5 4455
11 l:6-7 6677
Condition for selechion——— 7 l:8-9 889
1 2:12=-3 3

Fig. 12.3n Incorrect analysis of a simple example of circular data

Enter data into X67 Stats = Summary = Describe for X67
#E5 #EB =ET T . i:
| | Descriptive Statistics

1 1322 1333 1 ||: 0 S

. 1.28 11.67 29| o LHm

3 13.85 1378 No. of obserwvations 2
Minimum 1 hours
Maimuam 23 hours
Range 22 hours
Mean 1Z hours
std. deviation 15.556 hours

The solution, in Instat, is the Statistics = Summary = Circular Statistics dialogue, specifying
that the Full circle is 24 (Fig. 12.30).

Fig. 12.30 Analysis of circular data
Statistics = Summary = Circular Statistics

Descriptive statistics for circular data Descriptive statistics for circular data

Available data |
Circular statistics for X67

HET - Ful circle |[EB]

11 circle = 24 |
Nunher of observations 2
[Circular mean 24 |

Circular wariance 0.0341 .
Standard deviation L1.0058

This correctly gives the mean as 24hr and a low standard deviation of 1hr. The interpretation of
the circular mean and standard deviation is similar to that in ordinary statistics. The circular
variance is different, and is on a 0 to 1 scale, with 0 being no variation and 1 being the
maximum possible. Here the variance is 0.034, a low value, reflecting the closeness of the data
points 23 and 1 on the circle. The analysis of circular, or directional data, is described in various
books, for example Mardia (1972), Batschelet (1981).
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The summary statistics for the times of the start of the 50 storms are given in Fig. 12.3p. They
show a mean start time of about 2:40pm. The circular variance is 0.66 and the circular standard
deviation is 5.6 hours. Fig. 12.3p also shows that omitting the October data changes the
summary statistics only slightly.

Fig. 12.3p Circular statistics for the starting times of the storms
Statistics = Summary = Circular Statistics for X65 and X66

Descriptive statistics for circular data Descriptive statistics for circular data

Circular statistics for =65 Circular statistics for X666

Ffall circle = 24 Full circle = 24
Mumber of obserwvationzs 50 Humher of obzervations 41
Circular mean 14. 606 Circular mean 13.8588
Circular wariance 0.6571 Circular wariance 0.6206
Standard deviation 5. 5887 Standard deviation 5.3176

We now examine whether there is a relationship between the time when the storm starts and its
other properties. Take, as an example, the duration of the storm, which was calculated as the
count*5 minutes and saved in X60. Again, the data must be analysed slightly differently,
because the starting times are circular, however no special commands are needed. Instead,
transform the starting times in X54 to a 2r range and take the sine and cosine terms. Fig. 12.3q
shows how this is done with the Manage = Manipulate = Transform dialogue. The sine-
transformed data are put into X68 and the cosines to X69. This dialogue generates
transformations that could alternatively be done with the Manage = Calculations dialogue.

Fig. 12.3g Transforming circular variables for correlation and regression
Manage = Manipulate = Transform

ansforming data pnsforming data

* Common bansformations

= Other transformations

= Common tansformations

£~ Other transformations

Calculated transformations Calculated transformations
= Tupe of D ata From — Type of Data From
= Mon-negative i~ Percentage 1 " Mon-negative {~ Percentage rE
f+ Circular ™ Propartion I><EE i* Circular " Propartion
[nto [nto
B8 B3
I ¥ Sine I Cycle length |24 j ™ Sine Cycle length |24 vI
= Cosine Harrnonic |1 = Cosine Harmmnonic |-|
[T | [nverse I [nwerse

Preview | [}68 = sin{ 2%pi{EE/24)

here the duration of the storm, and the circular variables, i.e. the sine and cosine terms.

Preview | |jr=<59 = cog| 2pitKER/24)

The circular correlation is then defined as the multiple correlation between the linear variable,

Before doing the regression check briefly on the shape of the dependent variable. Fig. 12.3r
uses boxplots to examine the shape of the distribution of the storm duration. The distribution is
reasonably symmetrical after a log transformation.

Now use the Statistics = Regression = Multiple dialogue as shown in Fig. 12.3s.
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Fig. 12.3r Transforming the data and then drawing boxplots

Manage = Calculations Graphics = Boxplot of X70 and X71
(or type command — as shown below)
X68 = =in{ Z*pi*Xée5/2Z4) 30 *
K69 = cos( Z¥pi*EE5/24)
=70 = sgr{x&l) a5
*x71 = 1ln{xa0) "]
WARN: Owverwrite data in X71 20 - @
Accept the warning to overwrite X71 151
Type:
- REMove X72-X120 104
to free the remaining columns ®
g 5 | §%%
|:|_

T T
®7o Lxa

Fig. 12.3s Fitting a regression model
Statistics = Regression = Multiple

: l Elat ll Options l (Cave |
Responze vanable [y] =71 B v Save walues
Awailable data kodel terms E xplanatony |

=Eh AI B2 KE;El ™| Estimates [T Leverages
i i 63 [w Fitted valuele?E vI [ Cook's D
=BT ﬂ ﬂ

=ga

B9

%70 ~ <| <

Hil

—Action
{* Fit ¥ Fit constant term

Fig. 12.3t Fit of the regression mode

Multiple Regression

LNOVA for regression of XYl on X65 Xe9

Source df aan Ma F walue FProb=F
Regression 2 15.5394 7.7697 | 10.38 0.0002 |
Residual 47 351706 0.74831

Total 49 50,71

FE-squared = 0.3064d [adjusted = 0,2769)
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The results in Fig. 12.3t show that the duration of the storms is clearly related to their time of
start. In the dialogue shown in Fig. 12.3s, the fitted values are saved, so the results can be
plotted.

Fig. 12.3u Plots of transformed storm data

Manage = Calc x73 = exp(x72) | Graphics = Plot of x75, X76 versus x74

Manage = Manipulate = Sort (lines only, vertical for x75)

Sort | 600 : : :
Columns to be zorted Into iy | | |
P —— P I:I:l 1 1 1
65 B0 473 < T4 HTE < = ' ' '
—| —I = 400+ : : I
1 st ) f’ W7 i’ = . . .
% 2[stm2] W75 E : : I
%3(stm3) %76 = . . .
sd[ztmd) WTT k= | : I
545 stmn5] ¥78 w200 ! ! T
%E[stmé] d| %79 | 5 y ' ! A
- T : : AT
i Ascending \:*\ | |
i~ Descending D_J."' |: L ; |
3 12 18 24
Hep | Reset | Cancel| | oK Hours after midnight

The fitted values are “back-transformed” and the data sorted into ascending order of the starting
time, for the plot, as shown in Fig. 12.3u. The plot indicates that the mean duration is longer in
those storms that start at night.

This is an interesting result and one might speculate on whether there are meteorological
reasons for this. However, the lesson from the bimodality discussion (see Fig. 12.3I) is still
relevant. It showed that the October rainfalls tended to be the ones that started in early morning
and noting this aspect of the structure helped in the study of the starting times. Here this aspect
was not included.

To investigate, the data in x52 are recoded, made into a factor, Fig. 12.3v, and included in the
graph, Fig. 12.3w.

Fig. 12.3v Preparing the data on the time of year

Recoe Ml Make or modify a fator column

Fram Range Statt | Range End | Mew'Value - Data column
[#52(manth] =] 10 1 %77 Ect
- oy
11 2 T ;I -
Into 12 4 #iZ[Fral Jan
ST - 1 4 wid
' 7 — s
Ad %75
=B j
I Make result a factor A7 =
— b ake variable into a factar
Help | Reset | Lancel QK. | = Mumber of levelz
) Aftach bo existing label column
% Aftach bo new label column |L1

The graph in Fig. 12.3w shows that the majority of the long, nighttime storms are again in
October. Hence is the relationship really one of nighttime starts or of early season rainfalls, or
both? More data are needed to unravel the situation.
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Fig. 12.3w Plotting the data by month
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However, splitting the plot and showing October and November rainfalls separately from
December and January provides some indication. The relation between duration and time of
start seems to be an early-season feature.
Fig. 12.3x Separate plots for the early and later season rainfalls
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A= : = : | I
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= : O : Ll et
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12.3.6 Recommendations

The main objective of this case study was to suggest some ways in which the work on this type
of data could proceed. Precise objectives of a future study were not given, and hence any
suggestions will clearly be of a general nature.

Some suggestions have been made above, within the analyses. In particular, a data
exploration phase is important, together with facilities to resolve problems concerning the data.
Much of the time will be spent on data management, rather than statistics, and a good
knowledge of the software is needed to conduct the data management aspects efficiently. The
analysis must be done with care, for example concerning the way to deal with zeros, Fig. 12.3c
and the potential problems concerning the analysis of circular data, Figs 12.3k and 12.3I.

Finally, and most important, data should always be analysed taking account of the structure.

There is much that can be done with this type of data, which complements the analysis of the
daily records, covered in the rest of this guide. More data are needed, because 50 storms is a
small number, even though there are detailed data on each storm. One problem is that a major
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use of these data is to study erosion, and there are often only a few heavy storms each year.
The second reason for more data is that the analyses above showed clearly the need to
consider aspects such as the time of year, or starting time of the storm. Thus overall statistics,
from all 50 storms, such as were derived above (e.g. 42% of the rainfall is at an intensity of
>25mm/hr), must be treated with caution. They are initial indicators, but their values may
depend on other factors, such as the time of year.

There are four ways in which more data could be provided.

o The first is to have more detailed data on the individual storms, for example one minute
or 10-second data. This is only needed if the study is particularly concerned with
measurements of short period intensity.

e The second is to have information on more storms and this is particularly important. The
information on a few thousand storms over a reasonable set of years should enable the
data to be analysed even allowing for different aspects of the structure. If the
preparation of the data is done manually, then one possibility would be to record all
storms in terms of the summary statistics (columns X51-X54 above), but only give the
detailed profile for storms with a rainfall total above a certain threshold.

e The third is to have more ancillary data on the meteorological events leading up to the
storm. Here this is just the date and time of the storm, in X51 to X54, but wind direction,
pressure and type of rainfall etc., may also be available. The reason for these data is to
avoid the use of variables like "time of year" as explanatory variables. They are usually
only "proxy" variables and the real explanation is concerned with the meteorological
situation, which may be different, depending on the season.

o Finally there may be data on multiple sites within a zone. Here the hope will be that the
pattern of storms is similar at neighbouring sites, hence summary statistics, such as the
proportion of the rainfall that is erosive, can be applied to all sites within the region. Data
on a few sites are therefore needed to check this aspect, if results are to be used for a
region.

In the past, these types of data requirement would be daunting. However, the study above
shows that it would be quite feasible to analyse more data. It may be more convenient to use a
more powerful statistics package than Instat, that could cope with the thousands of detailed
profiles in a single worksheet.

The structure of the data would usually be as shown above, namely with data at a detailed level
(as in X1-X50), plus other variables (as in X51-X54) at the storm level. Then, after some
analyses of the individual profiles, the main management of the data would use the profiles to
derive important summary statistics, at the storm level. Examples are the derived data in X56 to
X59. These summary data are then analysed, depending on the objectives of the study.

The analyses above represent a few of the ways the data can be summarised and analysed,
but there are many other possibilities. For example, summary statistics on rainfall intensity are
often based on the maximum intensity over a 30 minute, rather than a five minute period. Within
Instat, the Start of the Rains dialogue makes it easy to find these maximum intensities. Studies
on the chance itrains at a particular time of day (in a particular season) are also sometimes
useful.

Ideally, as here, the analyst will have continued access to the detailed data (X1-X50) and not be
limited to just the summary data. This makes it easy to respond to new questions. For
example, if there was a request to consider the proportion of rainfall that was erosive, but with
erosive defined as 1>20mm/hr, rather than the 25mm/hr considered above, it takes only a few
minutes to revise the commands from Fig. 12.3k to give the answer, which here is 49%.
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Chapter 13 — Modelling Daily Rainfall data

13.1 Introduction

This chapter introduces an alternative approach to the analysis of rainfall data. This
introductory section is used to motivate the approach. Then there is a simple example of the
modelling process and later sections cover the methods of fitting and using this approach in
more detail.

A comprehensive analysis of rainfall data requires access to the full daily data. With the small
example from Samaru that has been used repeatedly, there are 11 years of daily data in x1-
x11. The analyses so far are depicted in Fig. 13.1a.

Fig. 13.1a Extracting information from the daily rainfall data

x1 x2 x11 Events:
1 | |
2 | | - rainfall totals (Chapter 5)
| | - the start of the rains (Chapter 6)
| | - dry spells (Chapter 6)
| | - the end & length of season (Chapter 6)
366 | | - a crop/water index (Chapter 10)

Each of the chapters cited in Fig. 13.1a and others, have looked at events of importance for
particular applications. As an example consider events concerned with the start of the rains.
Fig. 6.3b is repeated as Fig. 13.1b. This shows how the date of the start of the season was
calculated, for two definitions. The two columns of data that were produced, each have 11
observations. This is obvious, because there were with 11 years of data. Each of the derived
columns contains one number for each year of data. In this case it is the date of the start.

Fig. 13.1b Simple start of the rains
File = Open From Library = Samsmall.wor
Climatic = Events = Start of the Rains
Manage = Column Properties = Format = x12 and x13 as Day of year

SR SEN
"Methad
™ Simple | {* First | Al 1 |17 4apr 12 May
2 |27 Apr 10 May
Aevailable data Save day values into E arliest starting d: 3|24 Apr 12 May
1411 I < 212, %13 ﬂ “EI2 122| Cal 4 104.Jun 04 Jun
e — = 5 |25 apr 02 May
7lw1536) %13 B |13 May 13 May
SB[y1937) %14 =l 7 |228p 02 May
#9(»1338) — o |
1001 339] [ Save quantities inta E:r;si:old 085 g8 |05 May 05 May
511(y1940] - 3 |27 Apr 16 May
Totalled aver |2_: 10 |13 May 13 May
11 |27 bpr 06 tay
[~ Plot results 12

Criterion for the start baged on:
|7|7 Tatal rainfal

Amaount excesding:
" e |
’71"' Walue |2I:| =

Figs 6.3j and 6.3k give further examples of alternative definitions for the start of the rains, while
Figs 6.4a, 6.4c, 6.5a, 6.5d and 6.5g show the same feature, i.e. columns of length 11, for dry
spells and for the end of the rains.

We call this the direct method of analysis. It is "direct" because, for any event of interest, its
value each year is calculated. The next step is to analyse the subsequent columns of data.
Thus, with any events, for example for Fig. 13.1b, the analysis starts with the daily data matrix
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containing about 366 * 11 = 4000 observations. From this matrix one number is extracted per
year, for each event of interest, to give the columns of length 11. The subsequent analyses use
the data that have been extracted.

There is nothing wrong with this approach, but it does have limitations that warrant
consideration of an alternative method, described in this chapter. The rainfall data are
extremely variable from year to year. This variability means that the extracted columns of data
are also very variable. For example, consider the subsequent analysis of the data in X12 of
Fig. 13.1b. The mean date of the start of the rains by this definition was day 123 (2nd May)
and the standard deviation was 14 days, i.e. 2 weeks.

Now, moving to statistical inference, suppose the objective is to estimate the true mean date of
the start, using the 11 years as a sample. The estimate is the sample mean, i.e. 2nd May. An
estimate of its precision is also needed, and this is given by the standard error of the mean.
The standard error is estimated to be s/Yn = 14/Y11 = about 4 days. Hence 95% confidence
limits for the true mean are roughly 2nd May + 8 days.

The major problem with this simple method of analyses is the low precision of the estimates.

What can be done about this limitation? One solution is to insist on long records. WMO
recommend 30 years at least and we have repeatedly stressed that the short record used in this
guide was simply to illustrate the method of analysis. In the above example, if the same mean
and standard deviation had been from a record of 56, rather than 11 years, then the standard
error would have been s/\n = 14/456 = about 2 days and the confidence limits would have
been roughly 2nd May + 4 days. With the luxury of 100 years of data the standard error would
be less than 1.5 days. Hence, with long records, simple methods of analysis are adequate.

We do not always have such long records and therefore now consider what can be done to
improve the precision of estimates. The case study in , Section 12.1, using data from
Kurunegala, Sri Lanka, compared 5 methods of analysis. This is reviewed briefly here, to
indicate the type of approach that is necessary.

In this case study there were 34 years of daily data and the task was to estimate the 30% of the
weekly rainfall total, for each week of the year. There were therefore 52 events of interest and
the first step was to calculate the weekly totals. This resulted in 52 columns of data, each of
length 34, that were used in the subsequent analysis.

The first method was the simplest and was the same as described in Chapter 7 for decade and
monthly totals. For any week, the observed 30% point of the data was calculated and used as
the estimate. The resulting estimates were shown in Fig. 12.1a. Taking week 40 as an
example, the estimate was 5.45mm and the methods described in Chapter 11, Section 2 are
used in Fig. 13.1c to evaluate the 95% confidence limits.

From Fig. 13.1c, the approximate 95% points are 0.6mm to 20.6mm. These are very wide
limits, demonstrating the imprecision of this simple method and Methods 2 to 5 in this case
study showed how the situation could be improved. The main key to the improvements was to
use data from neighbouring weeks to smooth the estimates.

The Climatic = Process dialogue, in Fig. 13.1d, was used for all these methods. Here we focus
on the difference between Methods 4 and 5. In both cases, gamma distributions were fitted to
the weekly totals, as shown in Chapter 11, Section 3. The two methods differed only on when
the smoothing was applied. In Method 4 the estimates of the 30% points were calculated and
then smoothed. Method 5 consisted of smoothing one stage earlier in the process, namely the
estimates of the gamma distributions are smoothed. Then the 30% points were calculated and
the earlier smoothing results in these estimates being smooth automatically.

If smoothing is such a good idea, could it be applied earlier in the process? In this chapter we
smooth at the start, i.e. even before calculating the 7 day totals. Instead of calculating and then
smoothing, we will smooth and then calculate.

The benefits from this approach could be huge. What is proposed is to use the daily data to
estimate the parameters of a model for the pattern of rainfall on a daily basis. Thus, even with just
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11 years of data, there are 4000 observations to estimate the parameters of the model. This is a
large amount of data, even allowing for the fact that perhaps 75% of the observations are zero.

Fig. 13.1c Confidence limits for the 30% point for week 40 from Kurunegala data

File = Open from Library = Kurun7.wor
Submit = Run Macro = quantile.ins

13 — Modelling Daily Rainfall Data

. E.owr Lo Hi 31la Fup % Dlao Dhi

— Directany bl acro file name
 Curent |Iquanti|e,ins 1 5 15 3.3 97.3 94 0.6  20.06
 Local 2 4 15 1.2 a7.3 O96.1 0.25 20.06
A 3 5 16 5.3 og.9 [ 95.6 0.6 Z0.57)
4 4 16 1.2 95.9 Q7.7 0.25 20,57

stimate of 30% point
5,455
— Parameters
" Nore x40 30

¥ Parameter values

Fig. 13.1d Alternatives to estimate 30% points for case study in Chapter 12
Climatic = Process

x]| Method 4

Calculating probabilities [nzks] or percentages [return periods]

Awailable data _::_‘_ES"“S Results to — Smooth [moving average) —
[ixe2 o | L CEEESS [gainaly [53 < | o Mo[# Resus |
=49 ;I Plitasleillzs P :I E stimated Parameters
a0 - :
= I ' =l e o |vesifzzz2z =]
V¥ Graph [~ Eslifnﬁ Method 5
Column structure Model ~ Smooth [moving average] —
Mame for data columns Iw n
" Separate Type of data 2% 1 ! Distibution-ree " Mo " Results
" Ordered ¢~ Discrete ) Mamal &% Estimated Parameters
" Equally spaced = Continuous ! Gamma Weight$|_2_2_2_2_2 ,,I
* Circular &+ Mized {% Binomial/G amma
r Smooth [moving average] — [ Diy Period(z] inyear —————

Another way to compare this proposal with the direct approach is as follows. The direct
approach, as depicted in Fig. 13.1a, involves dipping repeatedly into the daily data matrix to
extract a value each year, for each event of interest. This new proposal is to extract all the
important information, which will be synthesised into one model. Then relevant results are
extracted from the model. We will be using a "smooth" model and hence the results will also
automatically be smooth.

We have said the benefits could be huge, but what exactly does this mean? In statistical
terms, benefits are measured by comparing standard errors, and these can be translated
directly into the years of data that are required for the same precision. The study by
Sooriyarachchi (1989), on which the case study in Chapter 12 was based, quantified the

benefits. Even conservatively, Method 5 was more than twice as efficient as Method 1, i.e. it
needed less than half the years for the same precision. And the new Method 6, proposed here,
is at least twice as efficient again. Hence, users should get the same precision from records of
20 years, using this new modelling approach, which need 100 years with the simple methods

described earlier in this guide.
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A further benefit of smoothing at the daily level is that the results for any calculated events will
automatically be smooth. With other methods it is not clear, for example, how to get smoothed
estimates for events such as the mean date of the start of the rains, from the data given in

Fig. 13.1b.

The description above is intended to generate the interest for readers to continue with this
chapter, but it should also have raised some questions. Two obvious questions are as follows:

¢ Are there no problems with the new method?

¢ If the benefits are huge, why aren't the methods used routinely? Why, for example, are
they left to Chapter 13 of this guide?

These questions are considered in turn. The direct methods that have been used so far have
the advantage that they are simple. They also make few assumptions. Their problem is the
lack of precision, but the advantages of simplicity and lack of assumptions are also important.

Hence, the case study of Chapter 12, introduced complications in moving from Method 1 to
Method 5. For example, for Method 5 some understanding is necessary of both the techniques
of smoothing and of fitting gamma distributions. The results are also only useful if the
assumptions are correct. Methods 4 and 5 estimates the 30% point assuming a gamma model
for the weekly totals. If a gamma model is not appropriate, then the estimates are not so useful.

There are examples of inappropriate models being used. For example, in Kowal and Knabe
(1974) a normal model was fitted to 10 day totals and 20% and 80% points of the decadal data
were estimated from the models. The normal model was clearly not appropriate at the begin-
ning and end of the rainy season and the resulting estimates are consequently of little value.

Here we believe that the gamma model was appropriate, and its goodness of fit was also
tested. Hence, in Chapter 12, the gains in precision outweigh the complexity and extra
assumptions and we therefore suggested that Method 5 be adopted. Similarly, there are many
situations where the extra precision from the new methods proposed in this chapter will
outweigh the disadvantages and hence where the new methods could usefully be adopted.

And so to the second question which is roughly "What is the catch? If the methods are so
useful, why aren't they used more?"

There is no catch, or anything particularly controversial about the methods. They have been
proposed by various authors and were written up in the agriculture literature in 1982, in the
meteorological literature in 1983 and in the statistical literature in 1984. Some references are
included at the end of this guide. They have been adopted, with one particularly usable method
given by Woolhiser et al. (1989). Until recently however the methods have rarely been used
perhaps primarily because they have not been made sufficiently "user friendly". This chapter
and the corresponding facilities in Instat are part of our efforts to put this right. The Marksim
software (ref ) also uses the same ideas.

So, this is the last climatology chapter in this guide, users do need to have a good
understanding of the simpler methods, covered in the earlier chapters, and to be motivated to
consider an alternative approach.

13.2 Fitting a simple model

This section uses a simple example to illustrate the modelling approach. The stages in the
analysis are the same as in the more complete examples considered later in this chapter.

The 11-year record from Samaru is used again and the task is to estimate the risk of a long dry
spell after sowing. The result to be produced is the proportion of years with no long dry spell in
the 30 days after sowing, in terms of the sowing date. The results in Fig. 6.5d showed that if a
crop could withstand a 10 day dry spell (but no longer) then waiting until about day 118 (27th
April) before sowing, would give an estimated risk of just 20%, i.e. one year in five, that the crop
would fail. If the crop could not withstand a dry spell of more than 7 days then the earliest
sowing should be about 10 days later, i.e. not before 7th May.

Here the modelling approach is used to produce equivalent estimates.
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13.2.2 An example

There are three stages in the analysis. The first is to summarise the data, ready for the model
fitting. This uses the Climatic => Markov Modelling menu (Fig. 13.2a).

Fig. 13.2a Markov modelling menu
Climatic = Markov Modelling

Lounts/Totals... Stage 1: Preparation

| Summary...

kodel Probabilities. ..
todel Amounts. .. Stage 2: Fit the model
Interpaolate Draily...

Simulation. .. . .
Spel Lengths.. Stage 3: Use the fitted model

Toatals...

Open the worksheet samsmall.wor. The first menu option is Counts/Totals. Complete the
dialogue as shown in Fig. 13.2b.
Fig. 13.2b Counts/Totals dialogue

e = Open (From Library) = samsmall.wor

Fil
Climatic = Markov Modelling = Counts/Totals

Prepare daily rainfall data for Markov chain modelling | ?2 | K-I_S
Iy rair
Rainfall data Order for counts————————— Countz inta 121 11 0
ek < ’VF Zero O First © Second | [q7 ey 122 | 10 1
EEHEETI EEas 123 8 3
Ely1935) Threshold forrain  [085 =] |13 124 ] J :
H7w193E) =l 125 3 2
igﬁq ggg] Use and order of amounts 15 126 3 2
5 E‘JM 53]3] o Mone { Zem il? &7 7 4
X11[1940) ¥ 126 | - d
129 8 3
130 8 3
131 7 4

Fig. 13.2c Prepare dialogue
Climatic = Markov Modelling = Prepare

Summary of data for Markovy chain htting

% Summary and plotz  Flots anly

Overall chance of rain

1

Ayailable data

Dayr

Rie

— Summary of rainfall countz a =
. S105-

L eave on daily bazis

" Summarize

— Change the starting month or zelect part of the vear- (l
" whale year [az in the data file]
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In this example, the Threshold for rain is left at 0.85, which defines all days with less than
0.85mm as dry.

Part of the resulting data in X12 and X13 are shown in Fig. 13.2b. X12 is now named as 'dry’
and X13 as 'rain’. They contain the number of occasions, in the 11 years, that each day is dry
or rainy. For example, in Fig. 13.2b we see that day 122 (1st May) was rainy in only 1 of the 11
years, while 2nd May was rainy in 3 of the years.

The Prepare dialogue is the second in this stage. It sets up the columns needed to fit the
models and also produces a graph of the chance of rain (Fig. 13.2c). Set the option in this
dialogue to leave the data on a daily basis.

Stage 2 uses the Model Probabilities dialogue. You have to specify the complexity of the
initial model and a previous fitting we found that it needed 3(Fig. 13.2d).

Fig. 13.2d Model Probabilities dialogue
Markov Modelling = Model Probabilities

Fitting the probabilities of rain | Prob of rai
rob or rain
"r'ou can fit modelz only to the overall chance 1
af rain
T
Order of prababilities : W =f r
’Vﬁ' Perg ) First ) Second 06
Complexity of initial rmaode] |3 %I‘ harmonics 04
Help | Cancel | ok, I
0.2 .
| 1Y |
0 L T T

| 2 1
0 A0 100 150 200 250 300 350 400
Date

The plot in Fig. 13.2d is displayed. You are asked whether you wish to (A)dd or (D)rop terms from
the model or stop running the model (Fig. 13.2f). As the f_r’ line fits reasonably well. type N.

This concludes the second stage. To recap:
e The first stage was to prepare the data for the model fitting.

e The second stage was to fit the model. This produced the fitted probabilities, which are
given in a column called 'f_r'.

Fig. 13.2e Enter data for spell lengths
Manage = Data = Enter Regular Sequence

Entry of regular sequence

{* Sequence { Singlewalue Dates 52?2::5:36 ength |1

— Sequence definition

Inta Refresh | F;rzewew
Eram I—E|2 82 - Presview e I
95
Ta 152 | 101
I 104
It zh f
n steps of | [3 Fill From ]?E
@ Top iE
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Stage 3 is to use the fitted model, here to estimate the risk of long spell lengths. Spell lengths
are to be estimated for April and May. First enter the starting dates of the spells, from day 92
(April 1%) to day 152 (May 31%) in steps of 3 (Fig. 13.2e).

Complete the Spell lengths dialogue as shown in Fig. 13.2f. The spell lengths are Conditional

on rain the day before, the Fitted probabilities calculated in Fig. 13.2c are in the column ‘f_r’
and we wish to calculate over periods of 30 days for spell lengths of 8 and 11 days.

Fig. 13.2f The risk of along dry spell in the 30 days following planting
Climatic = Markov Modelling = Spell Lengths

Spell lengths from Markoy models

* Unconditional |+ Condition

Results: Type of zpell
’VF Full " Simple ’V

Order far probabilitie: Iﬂ_j Fitted probabilities I'f_r'

Rezulks o

— Penod(z] of interest
Initial dagl(z) I ol a0 j F31, maE
At ]
Length(z) of period |3|:| ar I j §§§
Length(z] of zpell Ig 11 ar j [T Separate yea
I aph results

100 110 120 130 140 150
Day number

This third stage has illustrated one way that the models can be used.
13.2.3 More on the fitting process
The analysis is now repeated, but fitting the model in a slightly different way.

Fig. 13.2g Summary over 5 days

Manage = Remove(Clear) = x12-x60
Climatic = Markov Modelling = Counts/Totals as in Fig. 13.2b

Climatic = Markov = Prepare

| Overall chance of rain

% Summary and platz £ Flats anly

Available data

Draw riun
%12,%13 <] [<14
=12(d 0.5
51 3{@% — Summary af rainfall countz and V

= Leave on daily basis

| | |
— Change the starting month or select part of the year— 0 100 200 300
" whale year [az in the data file] Date

Begin by Manage => Remove (Clear) to clear the working columns, X12-X60, from the
previous fit. Next use Climate = Markov Modelling == Counts/Totals again and accept the
dialogue as shown earlier in Fig. 13.2b. Then complete the Prepare dialogue asking for a
summary over 5 days (Fig. 13.29g).
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The graph in Fig. 13.2g is similar in shape to that in Fig. 13.2c, but its shape is clearer. Next
use Model Probabilities as shown in Fig. 13.2h, fitting the initial default of 2 harmonics.

Fig. 13.2h Fitting a model with 2 harmonics
Climatic = Markov Modelling = Model Probabilities

Fitting the probabilities of rain | P b f .
roR OT rain
“'ou can fit models only to the overall chance 1
af rain W — Dr
M—fr

{* Zero £ First € Second

Complesity of initial mgdel IE‘i 3: harmonics 054 \
Help I Cancel | ok I

" Order af probabilities

| | |
0 100 200 200
Date

In Fig. 13.2h this model does not fit well. You are invited to (A)dd or (D)rop terms from the
model. Typing “AA”, Fig. 13.2i, adds two terms, which takes the model to three harmonics. (It
add a sine and a cosine term to the regression equation.)

Fig. 13.2i Adding terms for a model with 3 harmonics, (6 terms)

.
Model with 6 terms
[&)dd ar [Drop terms from the model? [M]either to stop. 1
[Def H]: [ p_r
M —f T
M —f old
[aa] 05 \
"
0- | |
0 100 200 200
Date

The fitted curve, called “f_r” in Fig. 13.2i fits much better. Add a further harmonic, Fig. 13.2j, to
check whether this fits even better.

The 4™ harmonic makes almost no difference, so type DD, Fig. 13.2j to return to the provious
model. Then type N, or just press OK to accept the model with 6 terms.

The fitted model shows that the chance of rain increases from less than 10% on day 100 (April)
to a 70% chance of rain in August / September.

After this fitting on a 5-day basis, the Interpolate Daily dialogue, (Fig. 13.2k) must be used,
before repeating Stage 3 (Fig. 13.2e and 13.2f) to estimate the risk of long spell lengths,
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Fig. 13.2] Checking on a model with 4 harmonics (8 terms)

4] oD
Model with 8 terms Model with 6 terms
1 1
W — pr ¥ — p_r
V—fr ¥ —f r
M —f ald M —f old
05— 05—
0- T T T 0- T T T
] 100 200 300 0 100 200 200
Date Date

Fig. 13.2k Interpolate Daily dialogue

Model given on a daily basis |

Thiz step iz only needed if the Markoy
chain models were fitted on summarzed
data. [t produces the fitted values on a
daily baziz, ready far the simulation and
ather uzes to be made of the model.

Help | LCancel

13.3 The preparatory stage

The previous section considered the fitting and use of a simple model. The process was split
into three stages and these next three sections are each devoted to one stage. Here the
preparation stage is described.

The first stage starts with the Counts/Totals dialogue. In the last section, in Fig. 13.2b , it was
used to::

e put the number of dry days on each day of the year into x12
¢ and the number of rain days into x13.
Rain was defined as a day with more than 0.85mm.

Considering just the two categories of dry and rain is called a zero-order Markov chain. First-
order or second-order models are often needed and are explained with examples in this
Section.

13.3.2 First and second order chains

For a first-order model the Counts/Totals dialogue is completed as shown in Fig. 13.3a. As
this is just for explanation, only the data in X11 are summarised.

Some results are in Fig. 13.3a. x12 to x15 contain the 4 categories of day named 'dd, 'dr, 'rd
and 'rr. Take day 156 (4th June) as an example. In this year it was dry and the previous day
was also dry. It therefore gives a 1 in the category 'dd. The next day (5th June) was rainy with
15.24mm, with the previous day dry. It therefore gives a 1 in the category 'rd. The following
day, 158, was dry, with the previous day rainy. It is therefore in the category 'dr. And so on.
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Fig. 13.3a First order Markov chain for 1 year from samsmall.wor
Manage = Remove(Clear) = x12-x60

Climatic = Markov Modelling = Counts/Totals

Prepare daily rainfall data for Markoy chain modelling XA | w12 | 13 | K14 | )15 |
w1340 dd dr rd "
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The dialogue and results for the 11 years are shown in Fig. 13.3b.

Climatic = Markov Modelling = Counts/Totals
W12 | ¥13 [ %14 | ®15 |

Manage = Remove(Clear) = x12-x15

Prepare daily rainfall data for Markov chain modelling

R ainfall data Order for countz Counts inko
507 5471 il ’71[" Zero + Fist & Second 4125015
=1 [y1930) - w12
H2[y1331) Threshold farran - |0.85 - =13
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|
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Fig. 13.3b Result of first order chain for 11 years
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Fig. 13.3c Fitting second-order Markov chain for 11 years
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Taking day 123 (2" May) as an example, 8 of the years were in the category 'dd, i.e. they were
dry and the previous day was also dry. Of the 3 rainy days, 1 was in the category 'rr and the
other 2 were 'rd. These data can be compared with those from Fig. 13.2b where there were
just two categories, called 'dry (with 8) and 'rain (with 3). In Fig. 13.3b they have been
subdivided into 4 categories, depending on the state of the previous day.

e So, the values earlier in 'dry are the sum of those in 'dd and 'dr.
e Those in 'rain are the sum of 'rd and 'rr.

Fig. 13.3c considers a Markov chain of second-order, i.e. looking back 2 days. Then there are 8
categories, ranging from 'ddd (dry and the two previous days were also dry) to 'rrr.

These summaries provide the information required to fit models to the probabilities of rain.
13.3.3 Rainfall amounts

The rainfall amounts on rainy days are also modelled. The Markov dialogue therefore also
provides the initial summary of the amounts. Again, for explanation see Fig. 13.3d which first
shows the information for a single year.

Fig. 13.3d Summary of the amounts of rain for 1 year

Manage = Remove(Clear) = x12-x19
Climatic = Markov Modelling = Counts/Totals

Prepare daily rainfall data for Markov chain modelling K1T* | ®12 [ %13 ®14| X158 |
] w1940 dy  rain | br Ir
R ainfall data —Order for counts————————— toumiein 155 0 1 EI o 0
- i= EErl:uli First {* Second 212, 513 1EE 0 1 i i 0
21 (p1930] Moo 157 || 1524 0] 11439 2666533
#2(y1931) Threshold farrain - [0.85 =] |13 158 o1 o0 0
#3l1332) 14 159 076 1 0 0 0
igg:ll ggi} Ilze and order of amounts 15 “HE0 | 0 1 i i 0
$26ly1935) (r None m ol 161 | o 1 0 0 0
i w1936) LI 162 0 1 ] 1] 0
— Columns to save information on rainfall amounts————— BN 2057 g UlSrefens 3 1ces
164 0 1 ] 1] 0
165 19.05 0 1) 182 24901422
" Totals only |>=:1 4 vI 166 12.45 0 1) 11.6 2451005
r e 167 0 1 0 0 0
* iwith sum of logs m —
£ with sum of squares

In Fig. 13.3d, take day 157 (June 5th) as an example. This had 15.24mm of rain. This value,
has the threshold of 0.85mm subtracted, giving a value of (15.24-0.85)=14.39mm in the column
named 'tr. The shape parameter of the gamma distribution also has to be estimated. This
needs the sum of the logs of the rainfall amounts, if the method of maximum likelihood is being
used for the estimation. The sum of the logs, here In(14.39)=2.667, is in the column called 'Ir.

Fig. 13.3e shows the summary of the 11 years of data, requesting first-order counts plus zero
order amounts and log amounts. Thus, with a threshold of 0.85, on day 123 there were 3 rainy
days. The total rainfall on these three days was 29.7mm and is in the column called 'tr. The
corresponding sum of the logs (to base €) are in 'Ir.

The most complex model, with the current version of Instat is second-order occurrences of rain
and first-order amounts.
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Fig. 13.3e Summary of the first-order counts and the amounts of rain for 11 years

Manage = Remove(Clear) = x12-x15
Climatic = Markov Modelling = Counts/Totals

Prepare daily rainfall data for Markov chain modelling )12 | 13 | K14 | )15 | K16 | R17 [
_ dd dr rd I br Ir
ata Order for counts 1 Coyntsinte 122 | 10 0 1 0 358 138
#1111 < ’V i 12515 123 a I 129700 620
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H2w1931) 417 125 a8 1 1 1 922 265
#1932 w14 126 a 1 1 1) 1684 347
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><551 935} " Mone & Zera " First i]g 128 4 2 3 2 4274 958
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132 E 3 1 1 287 053
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13.3.4 The Prepare dialogue
The second menu in the preparatory stage, calls the Prepare dialogue (Fig. 13.3f).
There are four possible reasons for using the Prepare dialogue:
e To set up a column called ‘Date that gives the day number in the year
e To group the output from the Markov dialogue over a set number of days
e To change the starting date of the year
e To select a subset of the year for processing
Behind the scenes, this dialogue also sets up all the columns needed to fit the models.
Fig. 13.3f The Prepare dialogue sets up the columns for the model fitting
Climatic = Markov Modelling = Prepare

®12 %13 %14 %15) W16 | %17 | %18

dd dr d o i} I Date
) Flats anly = 53

Summary of data for Markoy chain fitting

1 1 0 1515 272 104
Sailable data S T 22 a7 61 B2A 10200 109
— 23 3B 9 317847 2653 114
w2117 <| [x18 | 24 | 36 107 2 14271 1378 119
¥12[dd) - : 25 a5 F 3 91.06 1845 124'
513(dr] = — Summary of rainfall counts and amov 9 IR NG L R )
é::g%f':;] " Leave on daily basis 27 | 30 9] 3 7 18424 2863 134
i

— 28 18 18 17 2 21626 36500 139

B[] . i . E
%17(0] (]| [ R [5 = day totals 29 | 15 14 18 8 33082 5258 144
an &7 14 11 320756 3003 149
— Change the starting month or select part of the vear k1| 20 15| 14 B 301.52 4016 154
f* whale year [az in the data file] 32 200 12 15 B 28374 4685 189
33 16 18 15 B 261.53 4544 164

" Select

In Fig. 13.3f, the data have been grouped over 5 days and also shows some of the results. The
columns of counts and the amounts have simply been totalled over successive 5 day periods
and the 'Date column has been generated that gives the average day number of each group of
data.
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Here, with a threshold of 0.85, the 25th row has a total count of 40 in the 'dd category, followed
by 5,7 and 3 in 'dr, 'rd and 'rr.

e Hence there were 10 (7+3) rainy days in this 5-day period, giving a proportion of
10/55=18% of rain days.

e The ‘Date column shows that the day number is around day 124 (3rd May). Thus, this is
the 5- day period from 1 to 5 May.

¢ In the same row of data, the rainfall total is 91.06mm. This gives a mean rainfall per
rainy day of 91.06/10 =9.1mm.

This grouping may seem odd, in a chapter on the modelling of the daily data. However the
Markov dialogue has been used on the daily data and the grouped is afterwards. Some studies,
e.g. Virmani et al. (1978) have grouped the data, over 7 day periods, before evaluating the
probabilities. That is different, and is then considering wet or dry weeks.

There are two reasons for grouping before fitting the models. The first is that the observed data
are then easier to compare visually with the potential models. On a daily basis, the observed
proportions show a rather messy cloud of data, e.g. Fig. 13.2b. The second reason is that the
approximate method of fitting the models, used in Instat, is more valid.

The next facility is to change the starting day in the year. Where there is winter rainfall, it may
be convenient to consider the year from 1st September. This is not as crucial a step here as
with the direct analyses, because the models fitted to the full year are circular. That is, they
have the property of being smooth, over the end of the year. Hence, events that go over the
end of the year can be considered from the fitted model.

Thus this change is needed only if it is more convenient to examine the potential models over
the full season, or if the analysis is only for a part of the year and that part goes over the end of
the calendar year.

The final facility is to select a subset of the year for the analysis. The analysis in Section 13.2
showed that this may not be necessary, even if the site is dry for part of the year. However, it is
useful if only a part of the year is of particular interest. The model over the full year can be quite
complicated and may not be an equally good fit for all parts. Concentrating on a few months
may Yyield a simple model that is appropriate for a specific application.

13.4 Fitting the Markov chain models

This section describes the facilities in Instat for fitting the models to the probabilities of rain and
to the rainfall amounts. Technical details are minimised.

This stage uses the three dialogues shown in Fig. 13.4a under Stage 2. A model is first fitted to
the chance of rain and then to the amounts. When the fitting is not on a daily basis, the third
dialogue interpolates, so the fitted model gives the results for each day.

Fig. 13.4a Markov modelling menu
Climatic = Markov Modelling

Counts/Tatals... Stage 1: Preparation
Surnmary...

todel Probabilities. ..
todel Amaunts. .. Stage 2: Fit the model
Interpolate Daily. .

Simulation... . .
S pel Lengths... Stage 3: Use the fitted model

Totals...

The objective is a model that encapsulates all the relevant information from the rainfall data. If
successful, it should be such that simulated data, using the model, is indistinguishable in
structure from real data.
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The model has two components. The first component is the set of equations that fit the
chances of rain through the year. In the simple model that was fitted in Section 13.2, there was
just a single equation for the overall chance of rain. Here both the chance of rain given the
previous day was dry and given it was rainy are considered. Thus there will be two curves to fit.
At some sites it is necessary to consider the two previous days. Then there are four curves.

The fitting of a single curve corresponds to a zero-order Markov chain. A zero-order chain is
one that has no memory. The fact that yesterday was dry does not affect the chance of rain
today. A first-order chain has only one day of memory. If the chain is first-order, then the fact
that yesterday was dry may affect (i.e. change the probability) that today is rainy. However, with
a first-order chain, the extra information that the day-before-yesterday was also dry does not
further change the probability of rain today.

With a second-order chain the memory extends two days, but no more. And so on. In the
current version of Instat the Markov command is limited to second-order chains.

The chance(s) of rain change, depending on the day of the year. This is allowed for, by using
Instat's regression facilities to fit curves to the probabilities. In the literature this is called a non-
stationary chain. Many studies have avoided this by assuming constant probabilities for each
period (usually a month). This is not desirable for most of the applications that are considered
here.

While the first part of the model is for the chance(s) of rain, the second part is a model of the
rainfall amounts on rain days. The simplest assumption is that the daily rainfall amounts follow
an exponential distribution. The exponential distribution has just a single parameter, which is
the mean. Hence, in this case, the second component of the model is the equation of the curve
fitted to the mean rain on rainy days through the year.

There are two possible extensions. The first is that the distribution of rainfall amounts may be
different on the first rainy day, compared to subsequent rain days. This is similar to the the
chances of rain. If the memory extends one day, then two curves are fitted to the mean rain per
rain day, depending on whether the previous day was dry, or not.

In principle, we could go further back, as with the probabilities. In the current version of Instat,
the maximum complexity that is modelled is just a single day of memory, i.e. two curves, for the
amounts.

The second extension models the rainfall amounts with a gamma, rather than an exponential
distribution. (See Chapter 11, Section 3 for a description of the gamma distribution.) Then the
shape parameter has to be estimated as well as the mean. This is permitted within Instat, but
with the limitation that only a single value for the shape parameter can be estimated for each
curve, i.e. it is assumed constant through the year.

Therefore, the full model for a given site consists of:

e one or more curves for the chance(s) of rain,

e plus curve(s) for the mean rain per rain day,

¢ plus estimates of the shape parameter of the gamma distribution(s).
13.4.2 Example 1 — Data from Samaru

The first stage, described in Section 13.3 is repeated. Assume, as shown in Fig. 13.4a, that the
Markov command is to give first-order counts, plus zero-order totals and log totals.
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Fig. 13.4b The Markov and Prepare dialogues
Manage = Remove(Clear) = x12-x60

Climatic = Markov = Counts/Totals Climatic = Markov = Prepare
Prepare daily rainfall data for Markoy chain modelling Summary of data for Markov chain fitting
R ainfall data Order far counts————— Couets inta i« Summar_l.landplu:utﬁ = Flats only
61111 LI |7rh ZEEiE " Second w1218 Aueailable data Diay rur
A1v1330) - 12 —
H2y1931) Thieshold forrain - [0.85 =] [%13 ikl <] 5E
#1332 14 12[dd) - .
#4[y1333) Use and order of amounts——) 115 513(dr) — Summary of rainfall counts and
AT " Mone & Zewm C Fist |16 < 14(rd] L daily baszi
XEI'_'H 535] 7 41 5[”] 2ave ahn dally baslis
71938 =] 16t Py —
LI + Summanse to IE day
— Columng o save infarmation on rainfall amounts ——— <17
— Change the starting maonth or zelect part of the vear—
= Totals only =16 - % wihole year (3 in the data file)

{*" with sum of lags |

w17 -

™ with sum of squares

Then use the Prepare dialogue to summarise the data on a five-day basis, to graph the

chance(s) of rain, and to set up the variables needed for the fitting (Fig. 13.4b). The graphs are
shown in Fig. 13.4c.

Fig. 13.4c Graph (split into two) to show the chances of rain

First order chances of rain Owverall chance of rain
1 i
M —p rd M —p rd
M —p oy r DI
CO=—pr ) W —=p r
A
05 ﬂ/\"” | 05
A
& i
0 E— | - 0 e |
0 100 200 300 0] 100 200 300
Date Date

The second stage starts with the Model Probabilities dialogue. In this example fit first-order
probabilities and accept the starting default of 2 harmonics (Fig. 13.4d).

Add two terms to the model for the chance of rain given dry as shown also in Fig. 13.4c. Then
model the chance of rain given rain. Here accept the initial model with 2 harmonics.
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Fig. 13.4d Fitting first-order probabilities
Climatic = Markov Modelling = Model Probabilities

Fitting the probabilities of rain |

Model with 6 terms

“r'ou may fit models bo either zero order, or first 1
arder for the chance of rain
—p_rd
- —f rd
Order of probabilities————— N f_0|d
’Vf" Zero (v Flrst " Second

0.5

Complexity of initial model |2_+I] harmonics

Help | Cancel | ok I
AA to add 2 terms to the first model. (]
[

- - |
Then N to accept model for rain given dry.
N to accept model for rain given rain. 0 100 200 300

Date
Prob of rain given rain First-order probabilities
1 1
—p_rr —f_rd
—frr —frr
0.5 0.5
f ;
- | | | 0 | | |
0 100 200 300 0 100 200 300
Date Date

This gives a model for the chances of rain, shown in the last plot in Fig. 13.4d.

The next step uses the Model Amounts dialogue to display the mean rainfall(s) per rain day, set
up the variables needed for fitting of the amounts and estimate the shape parameter of the
gamma distribution (Fig. 13.4e).

Fig. 13.4e shows some of the results from running the Model Amounts dialogue. The output

depends on the options for the amounts that were used with the Counts/Total dialogue
(Fig. 13.4b).

The shape parameter is estimated for the gamma distribution of amounts. The value here is
0.93, i.e. just less than 1 and this is typical for daily data. The simpler exponential distribution
corresponds to a gamma distribution with k=1.
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Fig. 13.4e Modelling amounts
Climatic = Markov Modelling = Model Amounts

Fitting the rainfall amounts | .
Qverall mean per rain day {mm}
“r'ou can fit models bo the mean rain per rain an
day. M —rmean
¥ — fm

........... 2[:]_

v EE.’E;.F First
Complexity of initial model |2 ill harmonics 104 W
Help | | oK. I

"Drder af amaounts

LCancel |
0
Overall maximum likelihood 0 1[:][:] EDD
estimate of k = 0.931 Diate

Use Manage == Worksheet Information to see the columns that have been generated by the
fitting process, Fig. 13.4f.

Fig. 13.4f Column information
Manage = Worksheet Information = Columns(X)

Caolumn | Ma... " Length Column I Mame || Length Column | Mame " Length
®12 dd 73 w25 kot 73 x40 L 73
®13 dr 73 ¥ 26 pr 73 I_X 1 frd 72 ]
®14 rd 73 2T Circ | 42 f_old ]
®14 ) 73 * 28 dz1 73 43 estrd 7
® 16 tr 73 =29 de 73 x 44 fm 72 |
® A7 Ir 73 = 30 dz2 73 * 45 et al

IK 14 Date 73] ® A dc2 73 4B mean 73
=19 _d P x 32 dz3d 73 ® 47 dev 73
w20 p_rd 73 ® 33 de3 73 * 48 temp 73
2 I 73 w3 dzd 73 49 el 11
w22 P 73 ® 35 dcd 73 gl Irn 73
23 dry 73 * 36 dzh 73 | frin Ficl |
= '24 rair 73 =, '3? dch 73 ) '52 azta 4]

The final step in this stage is to interpolate the results to a daily basis. This uses the
Interpolate Daily dialogue as shown in Fig. 13.4g. A lot of calculation occurs “behind the
scenes”.

Fig. 13.4g Interpolate the data to a daily basis
Climatic = Markov Modelling = Interpolate Daily

Model given on a daily basis |

Thiz step iz anly needed if the barkos
chain models were fitted on surnmarnized
data. It produces the fitted values on a
daily baziz, ready for the simulation and
other uzes to be made of the model.

Help Cancel

The main visible difference is that the fitted columns are changed from length 73 to length 366,
compare Fig. 13.4h with Fig. 13.4f.
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Fig. 13.4h Column information — for comparison with Fig. 13.4f
Manage = Worksheet Information = Columns(X)

Colurmn | I amne I Length Colurmn | I arme I Length Colurmn | WEE I Length
®12 dd 73 =25 bot 73 ¥ 40 | 1 73
X113 dr 73 %26  pa 73 % H frd 366
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16 tr 73 =29 dc1 366 I>< 44 frr 365 |
®A7 Ir ] = 30 dz 266 # 45 eakrr 11
=18 Date 365 | =3 dec2 366 = 4B mean  7a
=19 _d i3 =32 dz3 36R 47 de 73
20 pord 73 =33 dc3 366 * 48 temp 73
Ha I i3 =34 dzd 266 # 49 esth 1]
w22 prr 73 =35 decd 366 il Irr 73
23 dry 73 =36 dzh 36R = 51 frn 366
bt I24 rair 73 *, '3? dch 366 X, '52 ezt 11

The Markov Modelling has generated about 40 columns in the worksheet. The names should
not be changed arbitrarily during the fitting process, otherwise the system will not work.

To recap, the system to fit the models is as follows:
e Use the Counts/Totals dialogue to run the Markov command.

e Use the Prepare dialogue to generate the columns for the fitting and possibly to give a
summary (over 5 days).

e Use the Model Probabilities dialogue to model the chances of rain

e Use the Model Amounts dialogue to model the mean rain per rain day.

e Use the Interpolate Daily dialogue (if necessary) to convert columns to length 366.
Save the samsmall.wor worksheet with the fitted model. It will be used in Section 13.5.
13.4.3 Example 2 — Data from Kurunegala

A second example uses the data from Sri Lanka that was analysed in the case study in Chapter
12 and mentioned in Section 13.1. The preparation stage is shown in Fig. 13.4i.

Fig. 13.4i Fitting a model to data from Kurunegala, Sri Lanka

File = Open From Library = Kurunega.wor
Climatic = Markov Modelling = Counts/Totals

Prepare daily rainfall data for Markov chain modelling Summary of data for Markoy chain fitting

Fairfall data Order for counts ——————— Counts into &+ Summary and platg (7 Flots only
’7{‘ Zer " Second ><35.><33| Available data D 7
=1[v1950) o ————
#2(y1351) Threshold for rain (085 = | |=36 aiaul il el
=av1952) W7 #35[dd) .
iég:‘l ggi% IJze and order of amuuntg—l 5438 #36(dr] — Summary of rainfall counts and
. i =39 H37(rd) . .
igg_} ggg} " Hone " First g 380 " Leave an daily bazis
hd 5390 . : -
. . _ KdDEIr]] {* Summanize bo IG day
— Columnz to save information on rainfall armounts
— Change the starting maonth or zelect part of the vear—
£ Totals only =39 - % Whale pear [as in the data file)

..................................... el -
£ with sum of squares

The plot in Fig. 14.4j shows the model will be very different from that for Samaru. The pattern is
clearly bimodal and the chance of rain given rain is much larger than that of rain given dry.
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Fig. 13.4] Plot of the chances of rain

First Order and overall chance of rain

D | | | | | | | | | | | |
0 20 B0 90 120 150 180 210 240 270 3200 330 360
Date

The model for the chance of rain is now fitted, starting with 3 harmonics, and accepting the
initial model. Fig. 13.4k shows the fitted curves.

Fig. 13.4k Fitting a model to the probabilities of rain
Climatic = Markov Modelling = Model Probabilities

Fitting the probabilities of rain |

First-order probabilities

“r'ou may fit models bo either 2ero order, or first 1
order for the chance of rain
M —f rd
Order af probabilitie: PP —f rr S
’Vr' Zero (+ st Second N \
05—~ -

Complexity af initial mode |3_ﬂ harmaonics:

T -
Help | Eancell ak I J . /\

D | | | |
0 90 180 270 260
Date

The model for the mean rain per rain day is fitted, again starting with 3 harmonics and accepting
the resulting model. The fitted curve is shown in Fig. 13.4l, and the estimated shape parameter
was estimated as 0.69.
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Fig. 13.4l Model Amounts
Climatic = Markov Modelling = Model Amounts

Fitting the rainfall amounts | .
Qverall mean per rain day (mm)
“i'ou can fit models to the mean rain per rain an
day. ¥ — mean
M —fim

204

"Drder af amaounts

Complesity of initial model |3_ill harmonics 104

Help | Ear‘u:ell | (] I

| | |
0 90 180 270 260
Cate

Finally use the Interpolate dialogue, Fig. 13.4m to put the fitted model onto a daily basis.

Fig. 13.4m Interpolate the data to a daily basis
Climatic = Markov Modelling = Interpolate Daily

Model given on a daily basis |

Thiz step iz only needed if the Markoy
chain models were fitted on summarzed
data. [t produces the fitted values on a
daily baziz, ready far the simulation and
ather uzes to be made of the model.

Help | LCancel |

Use File => Save, to save the kurunega.wor worksheet with the fitted model. It will be used in
Section 13.5.

The ease of use of this system is intended to encourage users to consider adopting the
modelling approach. With these examples of fitted models, we now explain why it should give
more precise results than the direct approach, considered in previous chapters.

In the two examples considered in this section, the full model consists of about 15 coefficients,
given in the equations for 'estrd, 'estrr and 'esta, plus a value for k. This is typical, in that an
adequate model usually has between 12 and 30 coefficients. Now consider the situation with
40 years of daily data. This gives over 14,000 daily values from which to derive the estimates.
Thus the curves are fitted precisely and the resulting estimates will therefore also be precise.

What though of the situation, such as in this section, where we only use a short record from
Samaru? As shown here, it is still not difficult to fit a specified model. What is more difficult,
with short records, is to assess the complexity of the model that is required. What we
recommend therefore is as follows. In any given region, use the long records to evaluate what
type of model is needed, e.g. first or second order. Then, with the short records, from
neighbouring stations, assume generally that the same complexity can be used.

What are the risks from this modelling approach? They are basically that the model is not
appropriate. Then results have great precision, but they are wrong! There are various reasons
why the model could be inappropriate. It could be that a Markov chain type of model should not
be fitted; or the class of model is suitable, but the model is of inappropriate order or complexity.
Thus, as with any modelling approach, the model should be chosen with care. This is easier if
the fitting process is interactive, as is the case within the system developed here.
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13.5 Using the models

The third stage is to use the models. There are 3 dialogues in the Climatic = Markov
Modelling menu as shown in Fig. 13.5a.

Fig. 13.5a Markov modelling menu
Climatic = Markov Modelling

Countz/Tatals... Stage 1: Preparation
Sumnmary...

kodel Brobabilities...
todel Amaurts. .. Stage 2: Fit the model
Interpaolate Craily...

Simnulation. .
Spell Lengths. ..
Totals...

Stage 3: Use the fitted model

e Simulation - used to simulate rainfall data from the model. If just the probabilities of rain
are given, then the rainfall occurrence will be simulated. If the means through the year
are also given, then the rainfall amounts will be simulated.

e Spell Lengths - the modelling equivalent to the Climatic == Events == Spells dialogue.
It uses the model of rainfall occurrence, i.e the probabilities of rain, and gives the
probabilities of dry spells of specified lengths. It can give either conditional or
unconditional probabilities.

e Totals - used to give percentage points and probabilities for the total rainfall in specified
5, 7 or 10 day periods.

The last two dialogues both use recurrence relations. They derive exact results from the
model. Often, however the events to be studied, or the model that is fitted, are too complex for
the recurrence relations. Then the simulation dialogue is used.

13.5.2 Example 1 — Samaru

For the first example the columns that are needed from the model are transferred, into a new
worksheet, Fig. 13.5b. This step is partly to simplify the explanations. It is often useful, but is
not an essential step.

The 3 dialogues need the fitted probabilities and (possibly) the mean rain per rain day for each
day of the year. If gamma models are used for the rainfall amounts, then they also need a
column with the estimate(s) of the shape of the gamma distributions.
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Fig. 13.5b Data columns with the fitted model
File = Open Worksheet = Samsmall
Find columns containing the Ffitted model (brackets show ours)

‘Date(X18) “F_rd (X41) “F_rr (X44) “fm (X51) “estk (X49)

Climatic = Manage = New Manage = Data = Duplicate
Mew Workzheet for daily data Duplicate [copy/paste] columns
ok shest name Copy columnz franm
Isammcu:lel ’V  Curent wiorksheet I'f: Arather wnrksheetl
¥ Display az spreadsheet Worksheet name
. — Ilsamsmall
W Like existing worksheet [SaMSMALL WOR
Available data Paszte into
[T Change missing walues IIH1 Bxd1=44x43:51 15
=1
¥ Other options e
=3
=4
Title lMarva miodel for Samaru wh

Fig. 13.5¢c shows the fitted model for a few of the days. For example, on 2™ May, the estimated
chance of rain given the previous day was dry is 0.193. Similarly f_rr is 0.255 on that day and
the mean rain, when 2™ May is rainy, is 11.7mm. You can check the information in the new
worksheet is sufficient for the model, by plotting the probabilities and means against the date
column, see for example Fig. 13.5¢c. This gives the same plot as shown earlier in Fig. 13.4d .

Fig. 13.5¢c Model in new worksheet

1| ®2 | 3 | x4 | w5 | 075
[rate frd frr etk frii
121 [304pr 0175 0.251 1.6 M~ rd
122 |01 Mapy | 0184 0.253 11.7 M—frr
123 |02May | 0193 0.255 11.7)] -%050_ ____________________________
124 [03May 0203 0257 11.8 =
125 |04Mapy = 0212 0.258 1.9 o
126 |05May = 0221 0.260 1.9 3]
127 |06May = 0231 0.261 12.0 o
128 |07May | 0240 0263 121 SO0 -
129 [08May = 0.250 0.264 12.1
130 [09Mapy = 0259 0.265 12.2
131 [10May = 0269 0.266 12.2
132 [11May | 0278 0267 12.2 . . . .
T mon noen S O1Mar  01Jun 01%ep  01Dec

Fig. 13.5d gives the column names for the different types of model that can be fitted. These
names are optional. The 3 dialogues, described in this Section, assume those names by
default. If there are no names, or the names are different, then users must specify which
column corresponds to each element of the model.

268 03 January 2006



Instat Climatic Guide 13 — Modelling Daily Rainfall Data

Fig. 13.5d Names for different types of models

Probability of rain  Column names

Zero order fr

First order frd forr

Second order frdd f rdr f rrd f_rrr
Amounts

Zero order fm

First order fmd fmr

Shape parameter estk

In the list of dialogues in Fig. 13.5a, Simulation is often needed and is therefore given before
the other two dialogues. However simulation is a last resort and the Spell Length and Totals
dialogues are to be preferred when they can be used. They give numerical results that
correspond to simulating an infinite number of years.

The first examples use the Climatic = Markov Modelling = Spell Lengths dialogue. Start with
the model for Samaru, given in Section 13.4, (or using Fig. 13.5b above), and calculate the risk
of a dry spell of more than 7 or 10 days in the 30 days following a rain day. These are the same
events that were considered for the longer record from Samaru in Chapter 7.

The dialogue and output are in Fig. 13.5e. If the model was not copied into a new worksheet,
then different columns to X6, X7 and X8 shown in Fig.13.5e will be used.
Fig. 13.5e Estimating dry spells in the 30 days following a rain day

Manage = Data = Regular Sequence
Enter data from 92 to 153 iIn steps of 3 into X6

Climatic => Markov => Spell Lengths

Spell lengths from Markoy models

Resulks: Tvpe af zpell
’VF Full " Simple ’Vr' Unzonditional § & Core

Order for probabilitie: I'l_j Fitted probabilities Fod

Rezults o

— Perniod(z] of interest -
Iitisl dayls) | D,| < | 78
=T
Lengthlz] of perindlgn ar I j ig
Lengthlz] of pell |3 11 ar I j [ Separate
v Graphre

The results show that the chance of a dry spell of more than 7 days, within the 30 days following
planting, has dropped to about 0.4 by the beginning of May and is below 0.2 by 19th May. This
type of result can help to determine planting strategy.

Fig. 13.5e plots the results as points as well as with a line. The points emphasise that they
have been evaluated for each of the 21 starting dates in x6. The probabilities change smoothly,
because the fitted model is smooth.

The overall risk of dry spells through the season can also be calculated, as illustrated in

Fig. 13.5f. If a crop is sensitive to drought at a particular growth stage, then this type of plot can
help to time planting to minimise such risks. The vertical reference lines on the graph
correspond to the 1st May, 1st July and 1st September. Using the second reference line, the
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graph shows, for example, that the chance of a 10 day dry spell in July is very low, but the
chance of a 5 day dry spell is about 0.5. Sometimes dry spells are needed for drying purposes
and this type of plot also allows the timing of such events to be planned.

Fig. 13.5f Unconditional risk of dry spells in the following 30 days through the season

Manage = Data = Regular Sequence
Enter data from 92 to 305 in steps of 10 into X9

Spell lengths from Markoy models 14
Results: — Twpe of spell— T v
’Vﬁ' Full " Simple *  Unconditia
0.81 ¥
Order for probabilities I'l_ﬂ Fitted probabilities i \
. »
— Period(z] of interest 0.6
Initial day(s) | E.,| [«a =] v
Lengthiz] of period |3|:| ar I j 04
Length(z] of spell IE 710 ar I j 02 ¥ |= 5p5
= 5p7
v *5pll
ol TTrey =
11 Apr 20 Jul 28 Oct

13.5.3 Example 2 - Kurunegala

The Totals dialogue uses similar recurrence relations to those for Spell Lengths. It gives the
distribution of the number of rain days in each period. Percentage points of the total rainfall in
each period can also be calculated.

The model for the occurrence of rain can be zero, first or second-order. The model for the
amounts is more limited. Only zero-order amounts can be used. Also a single ‘average' mean
is calculated for each period. This will normally be adequate if results, i.e. probabilities or
percentage points, are required for 5, 7 or 10 day periods. The command can be used with
periods as long as a month, but the results should be treated with caution, particularly at the
start and end of the season, when the mean rain per rain day often changes markedly through
the month.

The example is a model from Kurunegala, Sri Lanka, for which a first-order Markov chain model
was fitted in Fig. 13.4k and 13.4l. These are the same data used in the case study in Section
12.2, where 5 methods of analysis were compared. The results here show Method 6.

The Totals dialogue needs a column that give the number of days in each week of the year, and
one with the starting day number of each week. There are various ways this can be done. One
way is shown in Fig. 13.5g. It produces the required columns in x78 and x79.
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Fig. 13.5g Enter data to use in Totals dialogue

File = Open Worksheet = Kurunega.wor
(assume the model fitted as in Section 13.4 — using columns up to x74)

rEmOvE XT5-%79 =ih |><?E-F| BT |><?E! g
note x75 and =79 are of length 52 1 1 1 1 1 7
note x78 iz starting day number of each week 2 2 1 0 8 7
note %79 is the mumber of days in the week 3 3 1 1] 15 7

4 4 1 ] 22 7
note x75-x77 are working columns of length 366 5 R 1 0 29 7

B B 1 ] 36 7
enter x15; data (1] 366) 7 7 1 0 43 7
make xX76;week o o a2 1 B0 7
xTT = diff{x76) q q 2 0 7 a
note x77 = 1 for each row that starts a week 10 10 2 ] ER 7
note x77 = 0 for the other rows 11 11 2 ] 72 7

12 12 2 ] 73 7
select x13;into x18;1if (xT7-0) —13 13 2 0 o5 7
stats xTe;by x76;counts into x79 —14 14 2 0 93 7
: 15 15 3 1| w7

The columns calculated in Fig. 13.5g are now used in the Climatic = Markov Modelling =
Totals dialogue as shown in Fig. 13.5h. The 30% point is calculated and also the 50% and
80% points of the weekly totals.

Fig. 13.5h Estimating 30% 50% and 80% points of weekly rainfall totals
Climatic = Markov Modelling = Totals

+ Probabilities and percentage points from a fitted model % points from a fitted model
— Fitted model
Probability of rain only Probability and amounts of rain I Row a0% 50% 80%
Order for probabilities I'l_j Order far amaunts IU_ 1 0.1 5.7 6.0
2 o.ao 2.9 z20.8
Fitted prababilitiss I'f_rd' i EI Threshald far rair ID.EE d 5 0.0 1.4 18.1
Fited means [fr | Shape 06520 I 5.1 0  74%t]
13 14. 5 35.0 g8Z.6
14 19.2 40,3 g8.5
Initial day(z] I_ ﬁ" Ha0-02 £ - e e e
o T " 51 5.5 16.7 44.3
Lengthiz] of periad ar - #a1 ag 3.4 13.0 7.6
! I:'K?E' = fee hd
" Distibution ¢ F'r-:ul:ual:uilities
[~ Separate years
Fercentage paints I3|:| BOS0 I j I

The estimates are given in the output window, and in the worksheet. For example, from

Fig. 13.5h, in week 12 the 30% point is estimated to be 9mm, and the 50% and 80% are 28 and
75mm.

The results are also plotted in Fig. 13.5i. They look reasonable, but it would also be useful to
compare them with the simpler methods of estimating the 30% and other percentage points,
used in Chapter 12.

03 January 2006 271



13 — Modelling Daily Rainfall Data Instat Climatic Guide

Fig. 13.5i The estimated percentage points
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Fig. 13.5] shows the instructions for the simplest method again, for the 30%, 50% and 80%
points. Refer back to Fig. 12.1a if the instructions in Fig. 13.5i are not clear.

Fig. 13.5] Calculating 30%, 50% and 80% points

Note Comparison of methods 1 and & .

Note Initially for the 30% points 30% points for Methods 1 & 6
Note Assumes %78 for week number IR j
Note and %80 for estimated 30% point p—ﬂt?)[j

restore — i raw30 fl
warn off E A0

open [dkurun? =

sta ®1-x52:per 30 x53:;per 50 =x54d:per 80 x55 %

Save =

open [kurunega E 20

input [@kurun? X53-x55;into XE3-x85

name ¥53 'ramwsd

name x50 '£it30

line =80 1 1 1 [ T T T
line ®83 1 2 4

[pIot x50 x83 x78:xaxis L 360; | 100 200 300
it "30% points for Methods 1 & 67

The model seems excellent. Note though that the main peak in the observed data is sharp and
is in week 42, where the observed 30% point was 62.1mm. The estimates from the model are
less pronounced. Should the simple summary of the data, or the results from the model, be
used? One way to assess this is to compare the results for other percentage points, because if
the sharp peak in the simple summary is real, then it should be apparent for all percentage
points.

Fig. 13.5k shows the same results for the 50% and 80% points. With this as further information,
you have to decide which method is preferable, when the objective is to estimate the 30% point.
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Fig. 13.5k 50% and 80% points using Methods 1 and 6
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13.5.4 Simulation for Kurunegala

The Climatic = Markov Chains = Simulation dialogue simulates daily rainfall data, using the
fitted model. Two tasks are considered. The first is to estimate the distribution of the total
annual rainfall using the model for Kurunegala in Sri Lanka. The second is to estimate the
distribution of the start of the rains, using the model for Samaru. In each case the results are
compared with those from the direct analysis.

The Simulation dialogue is shown in Fig. 13.5]. The model for Kurunegala was used and 100
years of data were simulated. They have been put into a new worksheet called Kursim.wor.
An initial random number seed of 1234 was also used.. This is not normally done, but it permits
readers to use the same seed, and hence generate the same data used here.

Fig. 13.5] Simulating 100 years of data and calculating annual totals

Climatic = Markov Modelling = Simulation Climatic = Summary
Simulation of daily rainfall data Summary of daily data
 Fitted madel

Probability of rain only I Probability and amounts of rain I

Order for prababilities I'l_j Order for amounts Iﬂ_j
Fitted probahilities I'f_rd' for' EI Threshold for rain II:I.BE "I

f* Same { Mew

|'W|:|rksheet

Mainl Optians ] Eln:nt]

Available data — Summary —
Fitted means [t =] Shape [0.6520 o] 1 00 LI
w0 il " Means
x2 = Minima
— Simnulation éi = Maxima
YWorksheet for simulated data :
’V'r' SEIITlEIF Mew  |kursim I Browse | Eg ;I ; E;j;?:s

Murnber af year |1 0o ﬂ | Randaom number see |1 234 I ast usedl

The total annual rainfall is also calculated for the 100 years, Fig. 13.51 and put into x101. To
compare with the observed data, the worksheet Kurunega.wor is opened again. The 34 annual
totals are calculated similarly, and the column is then copied over into x102 in the same
worksheet.

The boxplot for the rainfall totals from x102 showed, there was one extraordinary year when the
total was greater than 4000mm. This was 1977, whereas no other year had more than
3000mm. Therefore the data omitting that year were put into X103. The dialogue is Manage =>
Reshape => Select and the command generated was:
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: select x102 ; into x103; if x102>4000

Boxplots of the simulated and actual totals are given in Fig. 13.5m. The odd year (1977) stands
out clearly, and has made the mean considerably higher than the median, for x102.

Fig. 13.5m Boxplots of the simulated and actual annual totals
Graphics = Boxplot

Diata to be platted [ Haorizontal boxplat Anood *f ____________
I #101-x103 I il [T Plat data points in:
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i = 1
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I~ Ey = 2000 4---- - B ety SR
=1
1000 . . .
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The numerical comparison in Fig. 13.5n confirms that the simulated series has a similar
distribution to the actual data. The extremes, i.e. minimum and maximum, from the simulated
data are wider than the actual data (after leaving out 1977) and this is to be expected. The
extremes from 100 years would normally be more extreme than those from 34 years. The
mean, median, standard deviation and percentiles are all similar.

Fig. 13.5n Comparison between data
Statistics = Summary = Describe - include 10,20,50,80 and 90% points

Simulated data Real data (omitting 1977)
Descriptive Statistics Descriptive Statistics

Avallable data ]

Column 3im Colunn notl377
a5 ] No. of obserwations 100 Mo. of ohserwvations 33
A6 E Mindimuam 1445 mm Minimum 1484 mm
#37 Maximum 3232 mm Ma i mum 2924 mm
#38 Range 1787 um Range 1440 mm
i?gn Mearn 2116 mﬂ Mearn 2080 mm
510 [zim) std. dewiation 331 mm td. dewiation 349 mm
=102(all I l0th percentile 1636 mm l0th percentile 1550 mm
103nat1977) | |20th percentile 1570 mm | | z0th percentile 1525 mm |

LOth percentile 2097 mm S0th percentile 2072 mm
] |80th percentile 2375 mm) |s0th percentile 2360 mm

V' Percentiles I O0th percentile 2576 mm S0th percentile 2565 mw

Close inspection of the results shows, however, that there are small differences in the
distributions that are probably real. The actual data are slightly more variable than the
simulated data. Thus the actual years are a little more different than has been predicted from
the model. Perhaps this is just the particular 100 years that was simulated? A different 100
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years could be simulated by following the procedure in Fig. 13.5m again, but omitting or
changing the “Random number seed” that was used in the Simulate dialogue. The results will
be different, but the same pattern is likely.

It is tempting to query whether this difference is throughout the year, or just in particular
seasons. This could be investigated by getting statistics for monthly, or other periods, rather
than the annual totals. However, results on a weekly basis are already available from the
Climatic => Markov Modelling == Totals dialogue, see Figs 13.5h and 13.5j. The Totals
dialogue is like simulating an infinite number of years and the results show the same tendency.
(Examining Fig. 13.5j carefully, shows that the observed values for the 30% point tend to be
slightly below the fitted values. In Fig. 13.5k, for the 80% point, they tend to be slightly above).
Hence, if we were grading the model for Kurunega, it might get a mark of ‘good' but not 'very
good'. We return to this point after looking at the model for Samaru.

13.5.5 Simulation for Samaru

For Samaru a different model is used to the one fitted in Section 13.4. The same type model
will be fitted, but on a daily basis. The steps are as shown in Fig. 13.50 and are those used in
Figs 13.4b — 13.4e, except that the Prepare dialogue leaves the summary data on a daily
basis.

Fig. 13.50 Dialogues for Markov model of Samaru

Dialogue Comment

File = Open Samsmall.wor

Manage = Remove X12-x60

Climatic = Markov = Counts/Totals 1% order counts and zero order
amounts

Climatic = Markov = Prepare Leaving data on a daily basis

Climatic = Markov = Model Probabilities 3 harmonics for rain given dry
2 harmonics for rain given rain

Climatic = Markov = Model Amounts 2 harmonics

After following the instructions in Fig. 13.50 the dialogue in Fig. 13.5q is used simulate 100
years of data. Then the starting dates are calculated for the same two definitions used in
Chapter 6, i.e. the date of the start is defined as the first day from 1 April, and from 1 May with
more than 20mm in a 2-day period.
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Fig. 13.5q Simulation of Samaru data and generation of starting dates
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In this case a more severe test of the model is conducted. The model above was fitted using

the 11 years of data from 1930 to 1940. The data from Samaru are available to 1983, so the

results from the model are compared with the direct summary of the data, using just the

remaining 43 years from 1941.

Fig. 13.5r Using a large set of data from Samaru
File = QOpen Worksheet = Samaru56.wor

File = Open = Samaru56.wor File = Open = Samsim.wor
Climatic = Events = Start Manage = Data = Duplicate
Define the start of the rainy season Duplicate [copy/paste] columns
b ethod Copy columns fram
’7(_ Simple £+ First ’V " Curent workshest & Another workshest
Anailable data Save day values Whork sheet narme
w57, X358 IsamaruEE
égg Available data Fazte into
X549 IHE? #5H] +103, 4104
[T Save quantiti =103
x5 j =104
=BE[1933) hl =105
=106

The dates of the start are found for x14-x56 (1941-83), Fig. 13.5r using the same definition as
for the simulated data, Fig. 13.5q, and the results copied over to the worksheet with the
simulated data. The simulated and actual starts are then summarised, Fig. 13.5s.
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Fig. 13.5s Start dates from the simulation to 1930-1940 and observed 1941-83
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The results are close for the planting from May, Fig. 13.5t. The distribution from the model fitted
to the data from 11 years in the 1930's is very similar to the actual distribution for the years
1941 to 1983. This is an excellent demonstration of the potential of the modelling approach.

However, comparing the two columns of simulated results, (x101 and x102 in Fig. 13.5s) shows
that the model predicts that the mean sowing date from a possible April start is on average just
6 days earlier than the mean from the May starts. The actual data, for 1941-83, show a mean
difference of about 12 days. The model does not therefore appear to be predicting enough
heavy rainfalls in April.

Fig. 13.5t Summary values and boxplots for the start dates

Column Statistics 150 @ o
o ™
Columh Count Mean ADE 20% 0% a0% _ Q
Simdpril 100 134.9 16.94 120.2 135 145.5
April 43 127.2 20.14 1089 127 l44.6 T Lo 0 S D B R
SimMay o [Ia1.Z 1518 151 159 1&50.% g
May 43 |l3s.9 13.52 126.5 137 152.4 5
[ ——
=
A
’]2[]___ ——— - e e -]

1 1
SimAprl  April Simbday  May

This model for Samaru therefore again gets a mark of 'good’ but not 'very good'!

13.5.6 Review of the models

We have shown various ways in which they can be applied and it is important to assess whether
their defects are a problem with the modelling approach, or just in the models that have been
chosen.

The model for Kurunega is considered first. For simplicity the model used was a first-order
Markov chain for the probabilities of rain and zero-order for the amounts, see Fig. 13.4k. Many
sites in Sri Lanka and India require a second- order chain and Fig. 13.5u shows the curves
resulting from fitting a second- order chain to the probabilities of rain. Particularly when the
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previous day was dry, there is a clear difference between the curves. This second-order model
would result in more variable data, because spell lengths tend to last longer than with a first-
order chain. The second graph in Fig. 13.5u shows that the model for the amounts was also
over simplistic. The distribution of rainfall amounts per day is about 5mm higher when the
previous day was rainy, than on the first rainy day of a spell.

Fig. 13.5u Fitting a second order model

Second-order probabilities First-order means {mm)
1
—frdd —frdr —frrd —frr | |=fmd —fmr |
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m-/ \\ /
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Using this model with second-order probabilities and first-order amounts, gives a better fit to the
annual totals and we award this model a mark of very good.

For Samaru, the model used for the simulation in Fig. 13.50 was fitted in a daily basis. This was
again a first-order Markov chain for the probabilities and zero-order for the amounts. Here the
problem appears to be different. The complexity of model is adequate, it is the fitting within
Instat that is the problem.

Fitting on a daily basis is recommended, with the more powerful packages, such as Genstat.
However, Instat uses a normal approximation for the fitting and, with such a short record, there
are problems with this approach, particularly at the beginning and end of the season, when
there are few rainy days. If Instat is the only package available, then fitting on a 5 day basis is
preferable. That is what was done in Section 13.4. Using that model for the simulation (with the
same random number seed) gives the equivalent results to Fig. 13.5t in Fig. 13.5v.

Fig. 13.5v Comparing simulated and actual results after fitting on a 5-day basis

Column Count Mean SDE  20%  50%  80% 1804 .
simdpril 100 [124.7] 14.5¢ 11z.2 123 137 ® Q
april a3 l1z7.z ) z0.14 108 127 l44.6 8
SimMay 100 135.2 10.17 126 134 14l 5 150 | T |
May 43 138.9 13.52 126.8 137 152.4 2

=

= ]
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1 1 1
SimApril  April Simbay  MWay

The statistics for the April planting are now about 10 days earlier than those for the second
definition, which matches those for the real data, from 1941-1983.
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A second comparison of the real data and the model predictions from the model fitted on a five-
day basis was for the April totals. It is again emphasised that the model was fitted to the data
for just the 11 years, from 1930 to 1940, and the test data are from 1941 to 1983. The model
gives a mean of 31.8mm and standard deviation of 25.7mm, compared with 36.6mm and
30.5mm for the 1941-1983 data. These results are close. If necessary the two columns could
be compared for both mean and spread (standard deviation) using the Statistics = Simple
Models = Normal Two Samples dialogue. The differences are not statistically significant.

This new model for Samaru, seems to earn a mark of very good!

13.5.7 Efficient comparisons

It is often important to compare two or more simulation models. Here they are for the same site,
Kurunegala, and examples of first and second order models are compared. Usually they will be
for different sites or for different periods at the same site, perhaps to investigate climate change,
or to compare El Nino and ordinary years.

Fig. 13.5w Simulating 100 years from 1% and 2" order models for Kurunegala

imulation of daily rainfall data Haily rainfall data
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Each model is fitted and 100 years of data are simulated, see Fig. 13.5w. The key point in

Fig. 13.5w is that the data from the 2 models are highly correlated, because the same seed for
the random number generator was used in each case. This enables the models to be
compared with high precision.

Fig. 13.5x shows some of the daily data from the simulation. The first three columns are from
the first model and the others are from the second. In any year the data show that when the
first model has rain, then often there is rain on the same day in the second model.
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Fig. 13.5x Daily data for three years Fig. 13.5y January rainfall totals
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Fig. 13.5y considers the results for the January rainfall totals for the real data, compared to the
two simulation models. The boxplots show that the median is about the same in each case, but
the year-to-year spread is more closely followed with the second-order chain.

Fig. 13.5z January rainfall totals from 100 years of simulated data
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The correlation in the way the daily data were generated (using the same seed), carries over to
derived results, such as the January rainfall totals. This is shown in Fig. 13.5z which gives the
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totals for each of the 100 years. The values are clearly different, but a high January in one
model tends also to be high in the other. The correlation between the two series is about 0.9.

This correlation provides a considerable variance reduction when the models are compared.
Without it, about 700 years of data from each model, would have had to be simulated to have
the same precision. The general ideas of variance reduction in simulation modelling are
described in various texts, for example Morgan (1983).

13.6 Conclusions

Our aim in this guide has been to encourage the full use of climatic data. In this chapter, the
modelling approach has stood up well, providing, of course, that an appropriate model is fitted.
Hence we believe that the methods described here, of fitting a model to the daily data and then
deriving results from this model, should become part of this full use of the data.

Sections 13.4 and 13.5 has stressed that the fitting of these models is limited, in Instat, because
the regression facilities, though powerful, are only for the ordinary regression models. Ordinary
means models where the residuals are from a normal distribution. The ideal modelling system
would be one that is, at least as easy to use as that developed in Instat, and which uses a
powerful statistics package. By powerful we mean one that includes facilities for fitting
generalised linear models.

Some of the extra features that would be available in such a system.

e Proper fitting of the models
Binomial regression models would be used for the chances of rain. There is then no
difficulty in coping with the zeros in the data. Gamma regression models would be used
for the amounts.

e Comparison of different models
It would be easy to test the complexity of model required. For example, for Samaru
Fig. 13.4d, are the two curves really needed, or would a single curve be sufficient?

e Models can be simplified where possible
For example in Fig. 13.4k the two curves for the rainfall amounts have been fitted
separately, but they look fairly parallel. Do these separate curves, which have a total of
11 parameters, fit significantly better than the model with parallel curves, which would
have just 7 parameters?

e Comparison of models for different time periods - climatic change
Where long records are available the curves can be fitted to different subsets of the
data. They can then be compared to check for evidence of climatic change. If there is
an indication of climatic change, the increased precision of the modelling approach
makes it feasible to just use the recent years for planning purposes.

e Comparison of models for different sites
This is an important extension. We have concentrated here on the models fitted to data
from a single site, but where data are available for many sites in the same country or
region, the models for the different sites may be simply related. Perhaps the models
depend primarily on the geographical co-ordinates of the sites. Then a model could be
found and results derived, just by knowing its position.

There is much that can be done.
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Chapter 14 — Stretching the Software

14.1 Introduction

The Instat dialogues have been sufficient for many analyses. However there were instances
where they were not enough. For example there can be complications in importing data as
described in Chapter 3. In each of Chapters 5 to 7 we have emphasised that analysis must
correspond to the clients’ needs and not be limited by the dialogues, and Chapter 8 showed that
the analysis of temperature records was assisted through various Instat macros.

Before Windows, learning a statistics package implied learning a new “command language”.
These commands are needed now, to construct “macros” or little “programs”. The situation
changed once the facilities of Windows are added. The copy/paste and similar dialogues in
many statistics packages provide a sort of universal language. Hence it is easy to move from
one statistics package to another, or from a spreadsheet to a statistics package.

However, there is a price to be paid for this initial ease of use. It is important that users take
advantage of the dialogues and do not become imprisoned by them. A simple example is used
to show how to avoid this imprisonment. It starts with the facility of keeping a log file to review
how the dialogues correspond to commands.

Use Edit = Command Logging = Start as shown in Fig. 14.1a.

Fig. 14.1a Start a log file of commands

Edit Submit Manage Graphics Statistics Clmatic “Windc  ETe Logging Commands to a File |
hdo [tz r i =H
- | EE| »
Cut Citrl+ — | | ? Laog file name:
Copy Clrl+C ; IEvents Browse... |
Copy Special Clrl+
Ll Ll [T Append to the file
Clgar Diel
Select Al Chrl+, ™ Include invalid commands in log
Eind... Chrl+F [ Include recent commands in log
Beplace... Ctrl+H

Fant Chrl+T Help | Reszet Qancell 0E. I

Run Worksheet Editor F7

"Yiew/E dit Text
Wiew/Edit Macro

3
3
Command Logging ¥
Output Spoaling »

Stop Shift+FS
Wiew Log File Cril+F3

mn =n

Now go through the steps given in Fig. 14.1b. This repeats the type of analysis from Chapter 7,
Section 7.2, where we open a worksheet with monthly data and produce summaries and a
graph.

Fig. 14.1b Dialogues used in Chapter 7

Menu Details

File = Open Worksheet Open the worksheet sammonth.wor
Manage = Data = Clear(Remove) Remove x14-x50

Manage = Data = Regular Sequence Use values 1 to 12

Manage = Collumn Properties = Name Name x14 as Month
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Stats = Summary = Column Stats Use x1-x12
Produce 20, 50, and 80% points in X15-X17
Graph = Plot Produce lines and symbols

This should produce a graph, roughly as shown in Fig. 14.1c. It does not have to be exactly the
same.

Now use Edit = Command Logging = View Log File to display the set of commands, roughly
as in Fig. 14.1c. Then use either <shift> F9, or Edit == Command Logging = Stop, o close the
log file.

Fig. 14.1c Results and the Log file

Edit = Command Logging = View Log File
Edit = Command Logging = Stop

LOG @Eventa.log

annd |V & %15 OFEn [@3AMMONTH. WOR; TEMP
et DED 0N

REMowve =x14-x50:1ah
NalMe x14 'Month'

ATa X1-X12:PER 20 X15;PER 50 X1le&:PER 50 X17
LINe X151 1 4

LINe X16 1 1 &

LINe X17 1 1 &

FTMbol X15 11 2 9
STMbhol Xle 12 2 10
S¥Mbol X177 13 2 11

a5 10 ||PLIZI1: X15-%17 'Month'

honth

2004

100

Fig. 14.1c shows that a log file has acted as a sort of translator from the dialogues to the
corresponding Instat commands. This is useful in its own right, because it provides a record of
the analyses we have done. This example also shows:

o When using a new statistics package now, you can start with the Menus and use
commands later.

You can start by reading commands (rather than having to write them). That is often easier,
see Fig. 14.1c.

e Then you can start by editing commands produced from the dialogues, rather than
writing them from scratch. This is what is to be done now.

The log file is a useful starting point for the task of macro-writing. A macro, is essentially just
a set of commands and that is just what is in the log file. It is sometimes called a “program”. If
you have never written a program before you may be impressed how easily you have become a
programmer!

To edit the commands they are first copied into a macro file, with Edit = Edit Macro = New.
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Fig. 14.1d Create a macro file

Edit = Edit Macro = New Graphics  Statistics  Climatic Window

= = =
PI0Te 3imple macro to plot monthly % points | B X | = | » | F
OFEn [SAMMONTH. WOR; TEME : -
| ] Submit = Current Window
REMowe x14-x50:1ah Submit Manage Graphicz  Statistics
ENTer x14; DaTa (1]12) Current 'Window
ey Current ne Chrl+L
ATa X1-¥12;PER 20 X15;PER 50 ¥16:PER 80 X17 .

Selection Clrl+t4

LINe X151 1 4 .
LINe w16 1 1 & Interactive Chrl+
LINe X17 1 1 &

STMbol X185 11 2 9
STMhol x1e 12 2 10
STMbol ®17 13 2 11 &dd Macra to Menu...
PLOL X15-X17 'Month'

Bun Macra....
| rtermpt M acra F11

tiodif b acro in Menu...
Bemove b acro from Menu...

Return to the Log file and use Edit = Copy to copy everything from the log file into the clipboard.
Then go to the empty macro file and use Edit = Paste or <Ctrl> V to paste the contents into
this file (Fig. 14.1d).

If there were any mistakes in the dialogues, and hence in the log file, these can be edited out.

In Fig. 14.1d the first line from Fig. 14.1c has been removed, and replaced by a NOTe — this just
makes the macro more readable. It is ignored by Instat. The third line from Fig. 14.1c has also
been deleted.

Now check the macro file is the current window and then run the macro, using either of the ways
shown in Fig. 14.1d. This should give the graph in Fig. 14.1c, just as was done with the
dialogues earlier.

Now, still with the macro as the current window, use File = Save or File = Save As, shown in
Fig. 14.1e, to save the macro. Call it sammonth.ins. The “ins” extension is to identify the file
as a macro.

Section 14.2 shows different ways that this file and other files of commands (macros) can be
run. Instat’s Climatic Library that we have used in earlier chapters is re-introduced. Section 14.3
adds the idea of constructing a local library for the useful macros from your own site.

Section 14.4 describes the writing of simple macros, mainly using examples of a seasonal
analysis, introduced in Chapters 5 and 6.

Sections 14.5 and 14.6 shows how to add some generality to the macros. For example, the
macro above is limited to the particular station. For example, it would be more flexible if the
macro would ask for the name of the station to process.

Section 14.7 returns to the construction of a local library, and in particular to the way of adding a
HELP files to a macro. This is useful, even just for you to remember how to use the macros on
a later date. It is essential, if you hope that others will be able to use your macros. Section 14.8
describes an example of a macro to calculate the day length at any place and time of year.

Finally, we consider how ambitious to become in writing macros. This discussion is at a more
general level, than Instat, because almost all spreadsheet and statistics software includes
similar or more powerful facilities. For example many people extend Excel, because of the
powerful Visual Basic language that is part of the package. While the main theme of this
chapter is to prevent users being imprisoned by the Windows style-dialogues, it is also
important to guard against the risk of “re-inventing the wheel”. It can take a long time to write
macros that are of general use. It doesn’t take many days before the development cost may
exceed the cost of obtaining alternative software that already contains the facilities being
programmed.
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14.2 Using the Instat Climatic library

Using macros that other people have written is much easier than writing them. This section
describes ways of using the macros provided with Instat. We consider mainly macros from
Instat’s climatic library. If you are following these operations in Instat, you may want to clear the
output window before starting.

The first method is to use the Submit == Run Macro dialogue as shown in Fig. 14.2a. As an
example we use our own version of the simple macro described in the last section. Itis in the
climatic library and called Clim_14a.ins, so in Fig. 14.2a, use Browse to find the file.
Alternatively, if you use your own version, created above, then stay in the current directory. The
macro runs when you press OK.

Fig. 14.2a Run a macro file
Submit = Run Macro = Browse

| 3 climiib

— Directary—— Macra file name

. — : EINOMIALING  (J@DOSTART I
' Curent I"-.lnstat'xcllmlll:u'llillm_1 4a.inz I CHANGE NS m ECLADORIM
" Local — M Clirn_11a.ins LI FIGI0_TINS
Ii,;- — J S 9 Clim_12a.IN5 U FIGI0_EINS
e 9 Clim_12b.INS I FIGI0_SINS
Eneta WCm_12cIN5  GFIGT0_9INS
5 9 Clim_12d.INS EHFIGT1_4H.IN
[ Farameters (IFG12_ 201N
% Mone UIFIG12_200N
" Parameter values &.[}) FIGT2_36B.IN:
RAFIG12_30 M
|
File name: ||I:Iim_1 da.inz
Filez af type: IMau:ru:us [*.ihg]

You may wish to close any worksheets, before trying the second approach. This time use
Submit => Add Macro to Menu dialogue and complete it as shown in Fig. 14.2b. The macro
file name is Clim_14a.ins as in Fig. 14.2a. Now also give a descriptive name, for example
“Graph of % points”. Then use the option to add the item to the bottom of the Climatic menu.
Pressing OK does not seem to do anything, but if you examine the Climatic menu, Fig. 14.2b,
you will see that an extra item has been added.
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Fig. 14.2b Add a macro to a menu
Submit => Add Macro to Menu

Add Macro to Menu “Window Help

) Manage b
-~ Directory Diizplay Diaily...

" Curent Graph of % points Summary...

" Local Everts 2

tacra file )1 -I—
" Climatic [instatsclimiibfCim_1 4a.inj ELjilie...
i General Process...

Birows .
Exaporation »
—lnzert new itemn in : Crop 3
. Heat Sum...
ke Before item o8t =um
Climatic j I " Markow Modelling  *
[araph of % points
— Parameters
¥ Mane

Now this macro can be run, just by clicking on the menu item. It will also be there when you
start Instat again. This is therefore a good option if you plan to use the same macro repeatedly.
It is also useful if a beginner to computing is to use the macro later. They no longer even need
to know that it was a macro.

If you have made a mistake in the way you have put this item on the Climatic menu then use
Submit == Remove Macro from Menu.

For the third method use Edit == Edit Macro == Open as shown in Fig. 14.2c. When you press
OK a new window opens, containing the contents of the macro. This can now be run with

Submit => Current Window. Short cuts are to type ctrl+Ww or to click on the g | symbol in
the toolbar.

Fig. 14.2c Edit and run a macro
Edit => View/Edit Macro => Open

Editmaco | € Editing Clim_14a.ins

— Dlirectany W acra file name Ik-]u:ute Clim 14da.ins to caloulate climatic =
hinztathelimibhClirn_144.ins
€ Current || = Note Input name of data file
" Local Brow exXit;ocom "par l:;inp™:mes “That iz the n:
(¢ Climatic Note Qpen the worksheet
" General HlElpar 2 open Bipl
ENTer 'Month':DaTa (1]12)

. Describe =13
Help Fesat Cancel [ Jratistics X1-X12:PER 20 X15:PER 30 X16;
Name x15 'Z20% @ Name =16 '50% @ Name x1°

LINe X151 3 64 : 3¥Mbol X135
LINe X1 1 & 65 : 3¥Mbol Xla

This is the method to use while developing a macro. It also allows submission of just parts of
the programme if appropriate.

Finally, you could type the name of the macro into the Commands and Output window. A
macro needs to have an @ sign in front of it, so typing
: @Clim_14a
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gives the same result as the other 3 methods. An alternative is to type

: exec @Clim_14a
In this case the commands are listed in the output window as the macro is run. This is not
normally needed, but if the macro gives an error, then this method would allow you to see which
Instat command was giving the problem.

This fourth method shows that Instat treats macros similarly to other commands. Macros are
sets of commands that are executed together for convenience, and this indicates that they could
also include other macros within them.

14.3 Using the Instat local library

Additional macros may also be provided locally. They are normally stored in a local library.
When new versions of Instat are released, the macros in the global libraries may change, but
those in the local library are the responsibility of staff at your site.

The general concept is that it is not necessary for all users of a (statistics) package to be equally
proficient. If a few staff (perhaps those in a computing or statistics centre) can become expert,
then they can help by making the package easier for others to use. This help can include the
provision of courses and the writing of macros. It may also be that some macros that are
provided in the global libraries, could be improved and the improved versions can then be
stored in the local library.

An example of a local library, containing macros for use on a recent course is in Fig. 14.3a.

Fig. 14.3a Macros in a local library

— Directory— Macra file name = loclib
" Currert v
e I dlength.inz
IF Local gamzero. ing
£ Climatic method1E.ins
" General Hielp o b aenm |
Help Rezet LCancel (] |

The next sections of this chapter show how a macro can be written. Section 14.4 shows how
basic macros can be constructed. Further ideas are introduced in Sections 14.5 and 14.6 that
enable quite general programs to be constructed, using Instat's commands.

14.4 Writing a simple macro

Section 14.2 has shown that it is easy to execute a macro that is already written. In this section
we show that once you have some experience of Instat, it is also straightforward to write a
simple macro.

The first step is to be clear on the commands that would be typed if you were working
interactively. You could use Instat’s dialogues and then copy the log file as described in Section
14.1, but here the Instat commands are typed. The calculation of the start of the rains for
Samaru is taken as an example. The commands are as follows:

open @samsmall

remove x12-x15

RUN X1-X11;RANge 0.85;SUM 2 20;
FIRst 92 122;DAYs X12 X13

X14=x13-x12

select x14;into x15;if x14 >0
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The second step is to decide on a name for the macro. We will call it startl.ins. Next, the
commands are typed into a text file. This can be done independently of Instat, but here the file
is prepared within Instat, using Edit == Edit Macro => New. Type the commands as shown in
Fig. 14.4a and save the file.

Fig. 14.4a Writing a macro

Edit => View/Edit Macro => New Vear 1 =

@+ Editing Commands

v1930 103 133

open Bsamsmall w1931 118 131
remowe xl2-x15 v1932 115 133
BTN x1-X11:BEaNge 0.85;5TM 2 Z20;FIE=st 92 122:D4¥s X12 X13

¥1933 156 156
x14=x13—x12_ _ 1934 116 124
gelect ®ldrinto ®15:if x14 > 0 w1935 134 134
v1936 113 123
v1937 126 126
v19358 118 137
¥193% 134 134
¥1940 118 127

umher of cases = 7

By default the macro will be given the extension .INS

N.B. This file will be created in the working directory, e.g..\Working, it does will not overwrite
any of the macros provided by Instat, which are in the directories ..\Instat\inslib and
\Instat\climlib. Instat macros all have the extension .INS.

You are now ready to test macro, by selecting Submit = Current Window. If there are no
mistakes, this should Open the Samsmall worksheet and calculate that there were 7 of the 11
years where the planting date was different for the two definitions, Fig. 14.4a.

This storing of commands is effectively programming. If you have never programmed before,
then startl.ins is your first program! If there were mistakes then you need to return to the
editor to make corrections. Otherwise the initial programming task is finished.

The startl.ins program has introduced a second way Instat can be used. If another set of data
has to be analysed, then this macro could be edited for the new set of data, rather than using
the dialogues or typing the commands again, as is the case when Instat is used interactively.

Often, when an initial program has been constructed, some improvements can be made. Here
some changes are shown in Fig. 14.4b.

The reason to turn Warnings off is that Instat will normally ask you if you are about to overwrite
data. This is usually inconvenient when using a macro. With Warnings OFF, Instat does not
ask. The REStore command restores the state of the WARning and any other flags, that are
changed in the macro, to their original settings, once the macro has finished.

With Warnings off, the line in Fig. 14.4b, to remove x12-x15 is not needed and so it is removed.
Commands are also added to display the final result more clearly.

To make these changes, either continue editing the file, if it is still open, or use Edit = Edit
Macro = Open and select startl.ins. Type the additional commands so the Edit window looks
similar to Fig. 14.4b. Run it, as before, by typing Submit = Current Window. When run it
should display the result as:

7 of 11 years, or 64 percent, had later planting.
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Fig. 14.4b Editing a macro
(If the macro file was closed) Edit = Edit Macro = Open = startl.ins

& Editing start?.ins

arn off
open [@zamsmal 1
| |
FEUN ®1-x11:BEallge 0.85;3UM 2 Z0;FIEst 92 122:DAYs X12 X13
Hld=x13-x12
select xl4;into x157if x14 > 0
FKl=count (=14}
Ki=count (=x15)
Ka=100%E2Z /K1
display EZ2 "of " El "yearzs, or " K3 "percent, had later planting™:
parallel; hea; field 3 3 3 10 3 25; £ix 0

This macro can then be saved, possibly with a different name, in Fig. 14.4b the name start2.ins
is used.

14.5 Adding flexibility

14.5.1 System integers

Nine system integers are available, %1, %2, ..., %9. They are usually set with the calculate
command and may then replace any integer anywhere within a command. For example typing
:%1=4

: DISplay X%1

in the Commands and Output window displays the data in X4.

These system integers are normally used in macros so they can be written more generally,
without assuming data are in specific columns.

As an example, the macro from the previous section is further extended. The resulting macro,
called Start3.ins is shown in Fig. 14.5a.

Fig. 14.5a Using system integers in a macro Fig. 14.5b Changes with
another worksheet

varn o @~ Editing start3.ins =] E3
warn off ' Ldiing stans.ins ENIE] kS
1=11 restore
2=31+1 warn off
35142 156 |
; §2=%1+1
4=5143
: $3=%1+2
a=%1+4
open Bzamsmall $4=% 147
§5=% 144

RN x1-fE1):Rilge 0.85;3UM 2 20;FIRst 92 122;DAY=[R5Z %53)
$4=x%3-x%2

elect ®%drinto x%5:1if x4 > 0
l=count(x%d)

Z=Count(x:5)

open @samaruEEI

RUN X1-%%1:EANge 0.85;:30
wEd=mE3-nkd

select x34r:into x35:1if x

El=count(xx4)
Fa=100EKZ /KL
: Ke=count(x%5)

display E2 "of "™ El "wears, or " K3 "percent, had later pl: _ -
parallel; hea; field 3 3 3 10 3 23; fix 0 f?:i??"KiiKiH; R

4| | |

There are 11 years of data so %1 = 11 is on line 3 of the macro in Fig. 14.5a. Then %2 to %5
are calculated. The line

LB
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RUN x1-x11;... ; DAYs X12 X13 becomes
RUN x1-x%1;...;DAYs X%2 X%3

and so on.
The advantage of this becomes clear if later the analysis is to be repeated for another station.

As an example, suppose this analysis is then to be used on the longer file from Samaru,
sam56.wor. The changes are shown in Fig. 14.5b.

14.5.2 Parameters

One limitation of the system integers, %1 %2 ... %9 is that they have to be whole numbers. It is
also possible to set parameters P1, P2, ... P9 that can contain strings. They are normally set
with the PARameter command, e.g

: PAR 1 K2
would set parameter P1 to be "K2". Then K2 is substituted anytime that %P1 appears in a
command. Hence

: DISplay %P1 is the same as : DISplay K2

Fig. 14.5c Using parameters in a macro

@+ Editing start4.ins &+ Editing stantb.ins

restore restore

warn aoff warth off

par 1 [samaruba ote %pl 12 the name of the ztation
ar 2 56 ote %p2 is the number of years
1=%pz t1l=%p2

Fa=%1+1 a=kl+l

$3=%1+2 Y3=%1+42

Ld=%143 Ld=%143

%h=%1+44 Lh=%1+44

pen pl open :(pl

RN Xl—X%l;FAHgE 0.85:53TM 2 20 REUN X1-%%1:Rillge 0.85:3UM 2 2Z0:FIE=st
MEL=NE3-x%2 WEd=wE5-x%2

select x%4:into x%57if x%4 > 0 select x%d:into x%57if x%4 > 0
El=count(x%4) El=count(x%4)

FKi=count (x%5) = ——

Fig. 14.5c shows the changes made in the macro called start4.ins. Now the station can be
changed merely by editing the two lines that set the parameters.

Some commands set parameters automatically. This includes the Execute command. Ifitis
given with arguments it automatically sets Pi to be the ith argument. This is used in Start5.ins
to make Start4.ins more general.

It can be run by typing

: @Start5 @samsmall 11
to analyse 11 years of data from the worksheet Samsmall
Although the generalisation has made the macro less readable, the macro is now much more
powerful. For example to analyse 2 datasets, each with a different number of years of data, one
has only to type

: @Start5 @Samsmall 11

: @Start5 @Kano 30
If necessary, these lines could themselves be put in a file called Nigeria.ins and the stations
analysed by typing

: @Nigeria

14.6 More on macro writing

The Climatic library macro, RAINSUM, is used to illustrate further concepts of macro writing. It
summarises daily rainfall data and then plots the 20, 50 and 80 percentage points of the totals.
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It can be called in any of the ways described in Section 14.2. As a command, if given as
: @RAINSUM

it prompts the user for the relevant inputs. Experienced users, could call it by
: @RAINSUM @SAMSMALL "DEC" 11 @SAMDEC

In this case it is run without prompts to the user.

Fig. 14.6a Partial listing of Rainsum.ins in the Instat Climatic library

& Editing rainsum.ins

note BATNATM, INS edited 2/7/2005 BDE
restore @ warn off @ echo off
loop l: if narg=0 |
display "Input of information for 3UMMARY macro™
[exit;com "par 1;inp™;mes "HWhat is the name of the worksheet with the daily dataz”™ |
disp™ The data are assumed to be in columns ®X1 ... ™
|exit;com "par 2 ﬁDH;inp";mes "ﬁDch, DfCades, WEEEs or PENtades (Default HDH]?"|
exit;com "par 3;inp";wmes "How many columns of daily data are there?”
exit;com "par 4:inp”;mes "What will you call the worksheet with the summary data™
loop 1
N0Te Open the worksheet and check it hasz enough columns
open [@xpl
%l=numi35 I
(2=%p3¥a
¥it jmesz "Not enough columns in the worksheet”:if 1<% I

H0Te change the following lines if different % points are wanted
stats ®l-x%drper 20 x%5:per 50 x%36:per 80 x%7
name x%5 '20% @ name x%6 '50% @ name x37 '50%

plot x%35-x%G8;title "Percent points for %pl %pZ data™;href =x%9

Aspects described are those that have not been covered in the previous sections.

The EXIt command is used to suspend the running of a macro. This may be to allow the user to
supply information as shown in Fig. 14.6a. For example, the command

exit; com "par 3; input ";mes "How many columns of data are there?"

exits temporarily from the macro to allow the information to be copied to parameter p3. If it had
been given as

exit; com "par 3 30; input ";mes "How many columns of data (default 30)?"
then this provides a default. Thus, with the command given as "par 3 30; input", if no input is
given, 30 is transferred to the parameter p3. In Fig. 14.6a the second parameter has a default
setting of “MONths”
EXIt can also be used to exit permanently from a macro if an error is detected. For example,
exit ;mess "Not enough columns in the worksheet"; if %1<%2
The LOOp command may be used with any of the three subcommands ;IF ;REPeat and
;WHlIle. It allows sections of a macro file to be omitted or repeated more than once.
In Fig. 14.6a there is a section
loop 1; if narg=0

display "Input of information for SUMMARY macro"

loop 1

The variable, NARG is set automatically when a macro is called. If the macro is called by
: @SAMRAIN
then NARG would be set to 0, while
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: @RAINSUM @SAMSMALL "Dec" 11 @SAMDEC
would set NARG=4.

Testing the value of NARG is the way the macro know whether to prompt the user for the
information it requires (i.e. has the macro been called with arguments?).

The LOOping facility is so important that a further example is given. use. The command
LOOp; WHlle, is illustrated in the small macro given in Fig. 14.6b, which stores the number of
columns with daily data, i.e. of length 366 in a worksheet. It assumes these are the first
columns in the worksheet.

Fig. 14.6b Illustrating LOOp; WHIlle

€+ Editing ncol.ins

%9=0
par 9 366
loop 1; while %9=366 |
£0=%041
par 9 x%9: count
oop 1 |
par 3 %9
display "There are %9 columns of daily dataﬂ

This could be used within the rainsum.ins macro, if the stations contained differing numbers of
years to be analysed, i.e. X1 - .... and the subsequent columns did not have 366 observations.
Then, in rainsum.ins, the third parameter could be omitted and rainsum.ins could contain the
commands

open @%p1

@ncol

This example also shows that macros can call further macros, as needed.

It is always a good idea to make worksheets with more columns than are needed for the data,
because this allows the remaining columns to be used for temporary storage. The functions
NUM and LEN can be used in a CALc command to find the number and maximum length of
data structures in a given worksheet. For example, the line in Fig. 14.6a

%1=num(3)
is used to check that the worksheet has enough columns for the analysis.
The arguments in NUM and LEN can be 0, 1, 2, or 3, corresponding to S(tring), L(abel),
K(Constant) or X(Columns).

Finally, macros will often require the user to have access to details of the current state of the
worksheet, etc. This is usually achieved using the PARameter command, for example

: PAR 3; WOR
would put the name of the current worksheet into the parameter p3.
Many macros can be constructed as adaptations of files that are already in the Instat library. To
transfer a macro from the climatic library to the current working directory for editing, use
Windows Explorer and copy the file from ... \Instat\Climlib to ...\My documents\Working, or your
current working directory.

Then edit the local version by Edit = Edit Macro = Open and selecting the macro from the
current directory.

When a macro is called, Instat looks first in the current working directory, then in the local
library, then in the climatic library, and finally in the general library. Hence there is no need to
change the name of the macro.

Alternatively, you may wish to give your adapted macro a new name, because its function is
slightly different to the library macro and you therefore want access to both of them.
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14.7 Adding a help file

Once a macro has been written, it is useful to add a help file that describes how it can be used.
This is sensible, even if the macro is only for your personal use, and is even more important if
you are providing the macro for others, perhaps in a local library.

Constructing a help file is easy. It should normally have the same name as the macro and the
extension must be AID. To construct it, use Edit = Edit Text = New. When you have typed
the information into the Editing window, use File = Save and name the file <macroname>.AID,
for example sumrain2.aid.

With the extension AID, this file may be displayed when the associated macro is selected and
the Submit = Run Macro or the Edit = View/Edit Macro = Open Macro dialogues are used.
For example, if you selected the macro sumrain2.ins, then clicking Help would display the text
in sumrain2.aid.

By default, macros and help files, that you write, are stored in the current directory that you are
using. You may later wish to transfer them to a local library. This concept of a local library is
useful for two reasons. First it provides a way to organise your files. Thus, it separates the
macro files from the data files. Scientists often keep data files in different directories, depending
on the application, and the macros in the local library will be accessible from any other directory.

The second reason for having a local library is where a group of staff within an institute, wish to
share the macros that they have written. Then it becomes useful that one person becomes
responsible for managing the local macro library and other staff send them their macros.

One use of local help files is for sites where the main language is not English. Because the
help files are prepared using a simple editor, they can easily be written in any language. For
example, at some Instat sites in West Africa the important macros and associated help files
from the main library have been translated into French and put into the local library.

The local library is in a sub-folder, called ....\Loclib, of the ..... \Instat\ folder. Hence, if you have
been using your own folder initially, putting macro and help files into the local library merely
involves copying the files into this folder.

14.8 An example — day lengths

Fig. 14.8a has been written to calculate the day length at a specified latitude for any time of the
year.

Fig. 14.8a First part of the macro length.ins, to calculate day lengths
Edit = View/Edit Macro = Open = dlength.ins in the Climatic Library

Hote Macro dlength.ins - hnger Jtern 1170772005

Hote Calculate daylength from column with day of year at any given Latitude
HNote from formula in Jellers W.D.,1965%. Physical Climatology.

Hote Tniwversity of Chicago Press,Chicago Il

Hote Adapted from Genstat procedure written by R.J. REeader & E. Phelps,

Note Biometrics Department, Horticulture Fesearch International, Wellesbourne,
Note Warwick. CV3L 9EF, UK.

restore : warh off : echo off

par £ O:ipar 3 0

loop 1; if narg=0 I
display "Input of information for dlength macro™
|exit:com "par l:inp":mes "Which coluwn has the day mumbers, e.g. =x127" |
exitrcom "par 2 rinp 07rmes "Latitude, in degrees e.g. 52, -30 [(default 0)27
exitycom "par 3:inp 0" r:mez "And the mimtesz [(default 012"

loop 1
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The macro is written so if it is called without arguments, it will prompt the user for the
information it needs. Otherwise it just proceeds. An example is in Fig. 14.8b, where it was
called by typing

: @dlength x1 5020

The day numbers were input into x1 in a new worksheet, see Fig. 14.8b. A copy was put into
x2, so x1 could be formatted as a day number in the year. Then running the macro puts the
results into x3 (the first empty column) and also displays them in the Output window.

Fig. 14.8b Using the dlength macro

X1 [ w2 | X3 | €* Commands and Output
day dayno dayhrs
1|01 Jan 1 812 Bdlength x1 30 20
; 319‘:::; 31[' 13;3 Latitude 50 degrees 20 minutes
4 |07 Apr 92 12,95
|01 May 122 14.70 Romr day dayhrs
B |01.Jun 153 15.88
7|07 Jul 183 15.90 1 1 8.1z
z 3l 9.25
3 &0 10.93
4 92 12.85
5 122 14.70
[ 153 15.88
7 1583 15.90

14.9 How far should software be stretched?

It is easy to write simple macros in Instat. Their use in various chapters has shown that this is
sometimes desirable if you wish to analyse data fully in a way that is not tedious.

Learning to write simple macros is also an excellent way of gaining experience in the use of the
software.

However, making the macros into general tools that can be shared, is a much more time-
consuming business. We caution that users should not become over-ambitious. In general
macros have two main purposes. The first is to assist on data entry or manipulation and the
second is to extend the statistical capabilities. Most of the macros in this guide are of the first
type and we suggest that, with Instat, this will normally be the case.

There is nothing wrong in writing macros to extend Instat’s statistical features, for example as
shown in Section 14.8, but if it takes much time, then the approach should be questioned. One
key question is whether the proposed macro is already a standard facility in another package.
A further question is whether Instat is the best environment for this macro. To help with this
second issue we consider the programming facilities within some other packages.

Almost all the common statistics packages allow macros to be written. They differ in the power
of their language and also in the extent to which the resulting macros can be added to the
Windows system and distributed to others. Excel epitomises software that caters more
comprehensively than Instat for additions to be provided.

With software such as Excel it is possible to add extra facilities with full dialogues, including help
files and add these to the Excel menus. We have used these facilities to provide an add-in,
called SSC-Stat, as shown in Fig. 14.9a. Many others have done the same and the Excel menu
in Fig. 14.9a also shows a second extra menu that corresponds to a simple statistics package
called StatPlus (Berk and Carey, 2000).
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Fig. 14.9a Excel menu for SSC-Stat

SSCskat MWindow Help

Data Entry "*F‘| £ &2 El|ﬂ 9
2

Manage E a P o
- % b <2 | £ iE
Graphics L ° 1 *
Skatistics b Descriptive
Information * surmarise

one-Sample £

Two-Sample &
Cne-3ample Bropaorkion

Two-Sample Proportion

Help

However, if you decide to use Excel for program writing, the first question posed above still
stands. Make sure you are not becoming forced into writing yet another statistics package.
Plenty have already been written!

All the statistics packages, such as Minitab, Systat, Genstat, S-Plus and R, include good
language facilities. Once you know the package, then S-Plus and R are perhaps the quickest
for developing new applications and many libraries of routines have been written for them.
Genstat is another package with very powerful language capabilities.
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Chapter 15 — Conclusions

One aim in the climatic components of Instat and in writing this climatic guide has been to help
users make full use of their climatic data. This is in support of agricultural research and in the
many other fields that need an analysis of climatic data as part of the work.

In agricultural research, agroclimatology can provide part of the initial assessment of the
suitability of different sites for cropping strategies that have been evaluated at research
institutes, or in on-farm studies. Variables, such as soil type are also important, but climatic
constraints are a major component of such an assessment. Within the (semi-arid) tropics,
rainfall is the key climatic element. Hence a comprehensive analysis of rainfall data is a crucial
component of the planning phase in agricultural research.

The main change in the recent versions of this climatic guide has been the addition of Chapters
10 to 14. The emphasis in these new chapters has been more on statistics than computing.
Here we have provided guidance on how to conduct a good analysis and mentioned common
pitfalls that have limited the usefulness of some studies in the past. We hope that this guidance
will help users in their future work and look forward to feedback on the ideas presented. With
this guide freely available over the web, the future material can also include readers’ reactions,
etc.

There is always more that can be done. A major change in the version of Instat introduced in
1997 was the improved macro facilities and this should also enable users to add their own
macros where necessary. Chapter 14 was written to encourage users to extend the climatic
library and we would welcome further macros that extend Instat's facilities further, or that make
the existing facilities easier to use.

Future developments of Instat depend primarily on the users requirements and it was their
demands that led to the recent versions of Instat within Windows and to the rewriting of this
guide for the Windows version.

There should also be more development work, over the next few years, on providing climatic
facilities within some of the powerful statistics packages, like Genstat, Systat, SAS, Matlab or R.
Here we hope that Instat provides some indication, to the developers, on the climatic facilities
and documentation that they could provide.
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Appendix 1 — Day Numbers
Day numbers for the days of the year, starting from 1st January as day 1
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Day ~-----——— -
1 1 32 61 92 122 153 183 214 245 275 306 336
2 2 33 62 93 123 154 184 215 246 276 307 337
3 3 34 63 94 124 155 185 216 247 277 308 338
4 4 35 64 95 125 156 186 217 248 278 309 339
5 5 36 65 96 126 157 187 218 249 279 310 340
6 6 37 66 97 127 158 188 219 250 280 311 341
7 7 38 67 98 128 159 189 220 251 281 312 342
8 8 39 68 99 129 160 190 221 252 282 313 343
9 9 40 69 100 130 161 191 222 253 283 314 344
10 10 41 70 101 131 162 192 223 254 284 315 345
11 11 42 71 102 132 163 193 224 255 285 316 346
12 12 43 72 103 133 164 194 225 256 286 317 347
13 13 44 73 104 134 165 195 226 257 287 318 348
14 14 45 74 105 135 166 196 227 258 288 319 349
15 15 46 75 106 136 167 197 228 259 289 320 350
16 16 47 76 107 137 168 198 229 260 290 321 351
17 17 48 77 108 138 169 199 230 261 291 322 352
18 18 49 78 109 139 170 200 231 262 292 323 353
19 19 50 79 110 140 171 201 232 263 293 324 354
20 20 51 80 111 141 172 202 233 264 294 325 355
21 21 52 81 112 142 173 203 234 265 295 326 356
22 22 53 82 113 143 174 204 235 266 296 327 357
23 23 54 83 114 144 175 205 236 267 297 328 358
24 24 55 84 115 145 176 206 237 268 298 329 359
25 25 56 85 116 146 177 207 238 269 299 330 360
26 26 57 86 117 147 178 208 239 270 300 331 361
27 27 58 87 118 148 179 209 240 271 301 332 362
28 28 59 88 119 149 180 210 241 272 302 333 363
29 29 60 89 120 150 181 211 242 273 303 334 364
30 30 90 121 151 182 212 243 274 304 335 365
31 31 91 152 213 244 305 366
03 January 2006 299



Appendix 1

Instat Climatic Guide

Day numbers for the days of the year, starting from 1st July as day 1

Month Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Day ~-----——— -
1 1 32 63 93 124 154 185 216 245 276 306 337
2 2 33 64 94 125 155 186 217 246 277 307 338
3 3 34 65 95 126 156 187 218 247 278 308 339
4 4 35 66 96 127 157 188 219 248 279 309 340
5 5 36 67 97 128 158 189 220 249 280 310 341
6 6 37 68 98 129 159 190 221 250 281 311 342
7 7 38 69 99 130 160 191 222 251 282 312 343
8 8 39 70 100 131 161 192 223 252 283 313 344
9 9 40 71 101 132 162 193 224 253 284 314 345

10 10 41 72 102 133 163 194 225 254 285 315 346

11 11 42 73 103 134 164 195 226 255 286 316 347

12 12 43 74 104 135 165 196 227 256 287 317 348

13 13 44 75 105 136 166 197 228 257 288 318 349

14 14 45 76 106 137 167 198 229 258 289 319 350

15 15 46 77 107 138 168 199 230 259 290 320 351

16 16 47 78 108 139 169 200 231 260 291 321 352

17 17 48 79 109 140 170 201 232 261 292 322 353

18 18 49 80 110 141 171 202 233 262 293 323 354

19 19 50 81 111 142 172 203 234 263 294 324 355

20 20 51 82 112 143 173 204 235 264 295 325 356

21 21 52 83 113 144 174 205 236 265 296 326 357

22 22 53 84 114 145 175 206 237 266 297 327 358

23 23 54 85 115 146 176 207 238 267 298 328 359

24 24 55 86 116 147 177 208 239 268 299 329 360

25 25 56 87 117 148 178 209 240 269 300 330 361

26 26 57 88 118 149 179 210 241 270 301 331 362

27 27 58 89 119 150 180 211 242 271 302 332 363

28 28 59 90 120 151 181 212 243 272 303 333 364

29 29 60 91 121 152 182 213 244 273 304 334 365

30 30 61 92 121 153 183 214 274 305 335 366

31 31 62 123 184 215 275 336
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Appendix 2 — Importing Daily Climatic Data

This appendix contains examples of different datasets that have been supplied on the SIAC
(Statistics in Applied Climatology) courses and on the agro-meteorological courses run by
WMO. Our thanks go to the many participants who provided the data.

The datasets have come from many different data entry systems and have sometimes had to be
edited, so that they are in a format that can be read by Instat. Instructions on how to do this and
the Instat macros required to import the daily data are given.

A brief description of the different data formats is given below. Choose the one that looks most
appropriate for your data and then follow the more detailed instructions.

Example Data Format Method Country
A2.1 Recording sheets HONDURAS.INS Honduras
A2.2 Clicom output Clicom dialogue Belize
A2.3 File with several elements MEXICO.INS Mexico
A2.4 Free format : days * months VEN.INS Venezuela
also
A2.5 Free format : months * days MARKSIM.INS Thailand
THALINS Zambia
A2.6 Free format : monthly also ZAMBIA.INS  Mongolia
A2.7 Fixed format : days * months MONGOLIA.INS Madagascar
A2.8 Fixed format : days * elements MADAGASC.INS Ecuador
A2.9 Comma delimited (CSV) format ECUADOR.INS Australia
OZ.INS

A2.1 Honduras

These data are on recording sheets. Two years of data were typed into a file, called
Honduras.dat. The layout was designed for Instat. To input, commands were added to the file
and the name changed to Honduras.ins, see Fig. A2.2a.

Fig. A2.2a Data from Honduras

NO0Te Create a file with 400 rows - this allows for mistakes
NO0Te the data if more than 366 numbers entered!!

CREate @HONDURUS; MIS3 2999 3885 2985 ; COL 50 400
Title: Z years of data from Hondurus
ENTer 'vial

31(0)

0o l.4 0.6 7¢0) 1 5i0) 0.3 27.3 3.2 §(0) 9935
4(0) 4.5 §(0) 0.5 0 0.6 15.4 1.1 15(0)

3(0) 8.5 3.3 12(0) 31.5 .1 1z(0)

EOD

ent 'yiz

5¢0) .3 .1 9(0) .5 .9 0 1.9 11¢0)
0.3 3(0) 1 1.2 .4 9{0) .4 10{0) 9988

ﬁ}ﬁ:lé..éléiﬁi..i'é:nj .4 .30 2.8 3(0)

DAY X1 X2: CODe 0
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A2.2 Belize — Clicom output
The data from Belize have been exported from Clicom as described in Chapter 3, Section 7.

The datafile, BELIZE.DAT contains two years of daily precipitation data, (element 005), and one
year of both maximum temperature (002) and minimum temperature (003).

Fig. A2.1a Data from Belize as exported from Clicom - BELIZE.DAT

Site Element Year Month Daily data

{ { ) J {
001,PUNTAGOR ,002, ,1984-01,23.9,,23.9,,.... January Max Temp 1984
001,PUNTAGOR ,003, ,1984-01,15.6,,15,,15.... Min Temp
001,PUNTAGOR ,005, ,1984-01,0,,0,,0,,0,,.... Precip.
001,PUNTAGOR ,002, ,1984-02,28.3,,28.9,,.... February Max Temp
001,PUNTAGOR ,003, ,1984-02,17.2,,18.9,,.... Min Temp
001,PUNTAGOR ,005, ,1984-02,0,,17.5,,0,,.... Precip.
001,PUNTAGOR ,002, ,1984-12,31.1,,30.8,,.... December Max Temp
001,PUNTAGOR ,003, ,1984-12,18.9,,18.3,,.... Min Temp
001,PUNTAGOR ,005, ,1984-12,0,,46.5,,0,,.... Precip.
001,PUNTAGOR ,005, ,1985-01,23.1,,0,,0,,.... January Precip. 1985
001,PUNTAGOR ,005, ,1985-02,0,,0,,2.3,,1.... February Precip.

001,PUNTAGOR ,005, ,1985-12,3.3,,0.8,,6.3... December Precip.

To import the data into Instat, use the Climatic = Manage = Import Daily dialogue after using
Climatic = Manage = New, to create a new worksheet.

Alternatively the commands in Fig. A2.2b are in a macro called Belize.ins.

Fig. A2.2b Importing data in Clicom export format

CEREate EBELIZE; MISszing 9999 3888 9983; COLumns 100 366;
TITle "Belize Data for 1934, 19357

NOTe put the file Belize.DAT into the working directory

NOTe To import 2 years of precipitation data

CLIcom MBELIZE.DAT:; ELEment 005

NiMe X1 'RainSd : NaMe X2 'RainSs

MNOTe To import 1 year of mawimum temperature data
CLIcow MEELIZE.DAT; ELEment 002; INTo X3
MiMe X3 'Tmaxid

NOTe To import 1 year of minimum temnperature data:
CLIcom EBELIZE.DAT; ELEment 003; INTo Xd4:
NiMe X4 'TminSd

MNOTe To display BELIZE data:
DAY ¥1-¥4; CODe 0

Sometimes Clicom data in the form given in Fig. A2.1 have been put into Excel first. This
makes it difficult to import into Instat, as the spacing is affected. In such instances the simplest
solution is usually to get another set of data from Clicom and avoid Excel.
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A2.3 Mexico — entry from yearly datafiles

The files, MEXICO83.DAT and MEXICO84.DAT contain not only precipitation data, but also
other climatic elements. This typifies data where there are multiple files, with one for each year.
A macro, called mexico.ins, is written to import them all.

Fig. A2.3a Importing data from Mexico

CREate MWMEXICO;col 50 3667 mizs 9999 3883 9988;
title "Two years of data from separate £iles™

NOTe In MEXICOS53.DAT the Sth col. has the precipitation data
Ad 'y33; FILe BMEXICO83.DAT; FIELd 5 I

NOTe In 1953, a non-leap year, there 12 no walue for Febh., Z9th

NOTe 40 this is INSerted

INSert 60 'S83; DATa 9985

N0Te In MEXICOS4.DAT the A6th col. has the precipitation data
FE4d '¥54; FILe BMEXICOS4.DAT; FIE1d 6

DAY 'y83 'y84; CODe O

Fig. A2.3b The Mexico data files

Filename: MEXICO83.DAT
Year Month Day Precipitation

| | | 5th field

\2 2 2 J
83 1 1 1.30 0.00 5.0 13.5
83 1 2 5.40 0.00 5.5 19.5
83 1 3 3.70 0.00 2.5 19.5
83 2 27 4.50 0.00 -4.5 20.5
83 2 28 5.90 0.00 -2.0 23.0 No Feb 29th
83 3 1 6.20 0.00 1.5 25.5
83 3 2 11.20 0.00 1.0 23.0
83 12 30 2.80 0.00 0.5 17.5
83 12 31 2.80 0.00 -4.0 19.0
Filename: MEXICO084.DAT
Year Month Day Precipitation

| | | 6th field

{ 3 3 2
84 1 1 3.99 4.16 0.0 -2.5
84 1 2 2.85 3.04 0.0 -2.0
84 2 28 5.39 5.53 0.0 -1.0
84 2 29 5.19 5.29 0.0 -0.5 Leap Year
84 3 1 5.28 4.96 0.0 8.0
84 3 2 6.10 6.12 0.0 3.0
84 12 30 3.03 3.25 0.0 4.0
84 12 31 3.44 3.52 0.0 5.0
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A2.4 Venezuela
Description of original data file

There are extra rows of text at the start and end of each year. This extra text is ;OMlItted by the
REAd command in VEN.INS. Several years of data are in one file.

Daily rainfall data in format:
Rows = days of month
Columns = months
i.e. 31 rows by 14 columns (Day, Jan, Feb, Mar, ....... Dec, Day)
There are blank fields in months that have < 31 days. These blank fields are padded with -1's to
make each column the same length for the REAd command to work.
1. Edit your dataset until it has a similar format to VEN.DAT

2. Edit as appropriate for your data, the Underlined text in VEN.INS
3. Enter INSTAT and run the macro VEN.INS

The macro asks about the name and format of the data file, Fig. A3.4a.

When the macro has finished running, there will be a worksheet and the results from the DAY
command. The macro automatically chooses a name for these files, based on the name of the
data file. For example, if the data file is VEN.DAT, the worksheet will be called VEN.WOR. The
results are for the user to check that the data have been entered correctly.

This format is similar to the layout of data from the MarkSim (2002) software. There is therefore
a second macro, called marksim.ins, which is an alternative. This uses fixed format input, so
the “missing” days at the end of some months do not need to be padded. A sample datafile is
called palmira-.gen.

Fig. A2.4a Running the macro to import data from Venezuela

Mame of the file containing data? e.g VEN_DAT How many lines to amit fram @EWEN.DAT?

Loak in: I@ working
| mch10.dat
= -"-.J'EH.D.-'l‘-.T
History Ia
Thiz macro azsumes years are consecutive, Firgt year to Stare year 71 in which column? [Default 217
analyze? e.q. 72
71
Mumber of years to analpse’?: #1 | #2 |
il yi2
1 1] 1]
2 1] nAa
3 1] 4.1
5 4 1] 1]
5 1] 1]
B 1] 1]
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Fig. A2.4b Daily data from Venezuela - original file - VENEZ.DAT

DIRECCION DE HIDROLOGIA Y METEOROLOGIA
PRECIPITACION 08000-0800 (mm).
ESTACIgN SANTA CRUZ EDAFOLOGI SERIAL: 0417 Zona: 02 EdO ARAGUA ANO: 1971

d: §7D29'15" A1t1tud 444 m : 00/00

1 .0 .0 .0 .0 .0 19.6 .0 10.2 .0 .6 9.1 .7

2 .0 .0 .3 .0 .0 .7 .6 .0 1.2 .0 .0 7.6

3 .0 .0 6.0 .0 3.0 9.0 .0 .1 .0 .0 .0 .6

4 .0 .0 24.7 .0 1.8 .0 1.0 5.6 3.0 .0 .0 .0

5 .0 .0 .0 .0 .0 5.5 .0 3.1 19.0 2.9 4.4 3.9

6 .0 .0 .0 .0 .0 .0 .0 .0 10.9 .0 3.2 .0

7 .0 .0 .0 .0 .0 .0 5.5 .0 5.4 .0 14.0 .0

8 .0 .0 .0 11.2 .0 8.3 38.0 8.6 11.9 .0 .0 .0

9 .0 .0 .0 .8 .0 11.1 10.7 2.2 .0 .0 .0 .0

10 .0 4.3 .0 .0 39.6 4.9 .3 5.5 .0 2.3 .0 8.0

11 .1 .0 .0 .0 .0 3.9 16.0 42.3 .0 .0 .7 .0

12 .0 .0 .0 .0 2.4 .0 25.0 3.7 2.9 1.6 .2 .0

30 .00 7 .00 0 .00 .0 .0 4.2 11.0 6.0 33.5 .0

31 .0 .0 .8 10.6 .0 .2 .4

TOT 10.6 4.3 32.7 17.8 149.3 115.6 260.5 228.9 105.4 113.2 75.8 22.8

MAX 9.6 4.3 24.7 11.2 39.6 23.2 38.8 42.3 19.0 25.6 33.5 8.0

DIAS 20 10 4 8 10 15 26 11 5 22 30 10
TOTAL ANUAL: 1136.9 MAXIMA: 42.3

m
-

11/ 8
DIRECCION DE HIDROLOGIA Y METEOROLOGIA -
PRECIPITACION 08000-0800 (mm).
ESTACION: SANTA CRUZ EDAFOLOGI SERIAL: 0417  Zona: 02 Edo: ARAGUA _ARO: 1972
Latitud: 10010' 00" Longitud: 67029'15" A1t1tud 444 m Ins: 06/64 E]jm: 00/00

e s e v o e v o e v o v v o5 3 v ¥ o ol o o e o 7% vl o o o v o v v o o ¥ o o v o o v o o e o o v o o v v o v v oo o v o o o oo o v v 2% Y o o)

U;A ENE "FEE “MAR ABR MAY" JUN JUL AGQ "§EF' OCT NOV DIC
1 .O 1.5 .0 .0 9 0 25 0 1 1 13 9 32.8 .O .0 .0
2 .9 .0 .0 .0 .0 .0 .0 .0 .0 .4 1 .0

Fig. A2.4c Daily data from Venezuela - edited file - VEN.DAT

M. A. R. N. R. - D. G. S. I. C. A. S. V. line 1
DIRECCION DE HIDROLOGIA Y METEOROLOGIA

PRECIPITACION 08000-0800 (mm).
ESTACION: SANTA CRUZ EDAFOLOGI SERIAL: 0417 zona: 02 Edo: ARAGUA  ANO:
1971
La}itud: 10010'00" Longitud: 67029'15" Altitud: 444 m 1Ins: 06/64 Elim:
00/00

S o e

OCT NOV DIC

DIA ENE FEB MAR ABR MAY JUN JUL _AGO
1 .0 .0 .0 .0 .O 19.6 .O 10.2 .0 .6 9.1 .7 1ine 9
2 .0 .0 .3 .0 .0 .7 .6 .0 1.2 .0 .0 7.6
3 .0 .0 6.0 .0 3.0 9.0 .0 .1 .0 .0 .0 .6
4 .0 .0 24.7 .0 1.8 .0 1.0 5.6 3.0 .0 .0 .0
5 .0 .0 .0 .0 .0 5.5 .0 3.1 19.0 2.9 4.4 3.9
6 .0 .0 .0 .0 .0 .0 .0 .0 10.9 .0 3.2 .0
7 .0 .0 .0 .0 .0 .0 5.5 .0 5.4 .0 14.0 .0
8 .0 .0 .0 11.2 .0 8.3 38.0 8.6 11.9 .0 .0 .0
9 .0 .0 .0 .8 .0 11.1 10.7 2.2 .0 .0 .0 .0 blank 1ine
10 .0 4.3 .0 .0 39.6 4.9 .3 5.5 .0 2.3 .0 8.0 erased
11 .1 .0 .0 .0 .0 3.9 16.0 42.3 .0 .0 .7 .0
30 .0 -1 .0 .0 .0 0 .0 4.2 11.0 6.0 33.5 .0 -1 inserted
31 .0 -1 .0 -1 .8 -1 10.6 .0 -1 .2 -1 .4
blank Tine to
TOT 10.6 4.3 32.7 17.8 149.3 115.6 260.5 228.9 105.4 113.2 75.8 22.8 end data input
MAX 9.6 4.3 24.7 11.2 39.6 23.2 38.8 42.3 19.0 25.6 33.5 8.0
DIAS 20 10 4 8 10 15 26 11 5 22 30 10
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A2.5 Thailand — using macros
Description of original data file

Daily rainfall data in format:

Rows = months (The number of rows is (number of years * 12))

Columns = days
N.B. There are extra columns at the start of each row, so formatted input is needed. Thus,
there are 34 columns (station, year, month, day 1 ... day 31)

The blank fields in months with < 31 days, was padded with -1's to make each row is complete.
1. Edit the dataset if necessary, so it has a similar format to THAI.DAT, Figs A2.5a and 2.5b
2. Edit the macro as appropriate for your data

3. Run the macro THALINS

You will be asked questions about the name and format of the data file, as in Fig. A2-4a.
When the macro has run, there will be a worksheet with the data plus results from the DAY
command. The macro automatically chooses a name for these files, based on the name of
your data file. For example, if the data file is THAI.DAT, the worksheet will be called
THALWOR. The results are so the data can easily be checked.

Fig. A2.5a Daily data from Thailand - original file - THAILAND.DAT

Station
Year Blank fields where

| | month months have < 31 days
\ { \
814556011951 1 0 0 0 0 0 2 0 0 0 0 0 0
814556011951 2 0 0 0 0 0 0 0 0 0 0
814556011951 3 0 0 0 0 0 0 0 0 0 0 0 0 0
Batieolioty e e e P R L SR L SELF CREPEERFY
814556011952 2 0 0 0 0 0 0 0 0 0 0 0
814556011952 3 0 0 33 0 43 1 106 24 95 27 0 1 221
Biatse0liotii e e e O RS CECVSERFSRET CRRPERE
81455601195212 0 0 26 0 0 0 0 0 0 0 0 0 0

Fig. A2.5b Daily data from Thailand - edited file - THAI.DAT
Station
Year -1's inserted where

| | Month months have < 31 days
y y 4 y
814556011951 1 0 0 0 0 0 0 2 0 0 0 0 0 0
814556011951 2 0 0 0 0 0 0 0 0 0 o -1 -1 -1
814556011951 3 0 0 0 0 0 0 0 0 0 0 0 0 0
P T ST T T LU RLLF SRR SRLF CREEREREREE P SRAF CELY CRLFLEEF SLPSLEY
814556011952 2 0 0 0 0 0 0 0 0 0 0 0o -1 -1
814556011952 3 0 0 33 0 43 1106 24 95 27 0 1221
Biatse0lioii e e e ST e e e e e
81455601195212 0 0 26 0 0 0 0 0 0 0 0 0 0

Data from Zambia had a similar format, Fig. A2.5c. Hence the macro for Thailand was later
adapted and one written called ZAMBIA.INS. These data already had —99 where the months
were short, so the data files did not need to be edited. A similar file, with comma-delimited
values, was sent from Kenya: the importing macro is called KENYA.INS.

Fig. A2.5c Daily data from Zambia - LIVING.DAT

'LIVINGO1' 1950 1 14.7 .0 1.8 .. .. .. .. 9.7 .0 .0 .0 .0
'"LIVINGO1' 1950 2 .0 16.5 2.0 .. .. 8.1 3.8 -99.0 -99.0 -99.0
'LIVINGO1' 1950 3 .0 2.0 .3 .0 .8 2.5 .5 .0
'LIVINGO1' 1950 4 2.8 13.0 6.3 .0 .0 .0 .0 -99.0
'LIVINGO1' 1950 5 .0 .0 0 .0 .0 .0 .0 .0
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A2.6 Mongolia

This macro shows how the data can be checked before being processed, to make sure that the
original data are correct.

The data file MONGOLIA.DAT has (2 years * 12 months * 35) numbers. Each month of 35
values consists of: Site, Year, Month, 31 rainfall data, Monthly total. The macro
MONGOLIA.INS checks

a) Site numbers are all the same

b) Year numbers are consecutive

c) Months go from 1-12

d) Total rainfall for each month is equal to the sum of the monthly data

Your dataset should look something like MONGOLIA.DAT

You will be asked questions about the name and format of the data file, as in Fig. A2.4a.
When the macro has finished running, there are results from the DAY command to check that
the importing has worked correctly. The macro automatically chooses a name for the file,
based on the name of the data file. For example, if the data file is MONGOLIA.DAT, the
worksheet will be called MONGOLIA.WOR.

Fig. A2.6a Daily data from Mongolia

Site Year Month January data January total = 44mm
i1 { {

240 84 1 0 0 0 0 0 0 0 9 4 3 0 0
0O 0O O O 1 0 O 1 0O 0 O 0 17 0 1
8 0 0 0 44 240 85 1 0O 0O O 0O 0O 5 0
0O O o0 O 0 0O O 0 0O 0 4 0O 0O O O
0O 0O o0 oO 0 0O O 0 0O 9240 84 2 0 O
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0O 0O o0 O 0 0 O 0 0O 3 O 2 0 0 5

240 8 2 4 0 0O O 0 0O O O 0O 0 16 41
0O 0O o0 O 0 0O O 0 0O O O 0O O O 5
0 0 0 0 66 240 84 3 0 3 0 0 0 0 2
0O 0O o0 O 0 0 O 0 0O 0 O 0O 0O O O
31. 0 0 O 0 0O O 0 0O 36240 8 3 0 O
0O O o0 O 0 0O O 0 0O 0O O 0O 0O o0 O
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

240 84 4 O 0 0 O 2 0O 0 O 0O 0O O O
0O 0O 0 5 0 0 56 4 0O O O 0O O o0 4
0 0 0 0 71 240 85 4 0 0 0 0 0 0 2
0 0 0 0 0 0 0 0 0 51 0 0 0 0 0
0O 0O o0 O 0 0O O 0 0 53240 84 5 15 O
0O 0O O O 0 0O O 0 0O O O 0 36 0 O
0 0 0 0 0 82 0 0 0 0 3 0 200 0 336

240 85 5 0 0 0 0 0 1 7 0 1 1 1 1
0O 0 75 7 0 0O O 0 0O 4 O 0O 0O 1 o0
1 0 130 1 231

240 84 6 0 0 0 37 254 36 17 16 0 0 0 0
0O 2 0 0 47 11 0 O 0 O 0 0 110 303 92

103 0 5 11034 240 85 6 122 O 0O 0O O o0 1
51 49 0 27 159 28 0O O 0 O 0O O 52 0 12
2 0 63 59 1 0 1 1 0 628
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A2.7 Madagascar
The rainfall data file MADAGASC.DAT is in fixed format:

Columns 1-6 Site code

Columns 7-10 Year

Columns 11,12 Month

Column 13 Row number (1, 2 or 3)

Columns 14-57 11 data values, each of width 4. In rows numbered 1 and 2 the 11th

value has to be discarded, so each month has 31 values. The original data were multiplied by
10, for easier data entry. Thus they have to be divided by 10 to get the actual value.

1. Your dataset should look something like MADAGASC.DAT
2. Edit MADAGASC.INS as appropriate for your data

When the macro is run, there will be questions about the name and format of the data file, as in
Fig. A2.4a.

When the macro has finished running, there will be a worksheet and results, containing output
from the DAY command, so the importing can be checked. The macro automatically chooses a
name for these files, based on the name of your data file. For example, if the data file is
MADAGASC.DAT, the worksheet will be called MADAGASC.WOR.

Fig. A2.7a Daily data from Madagascar

Site Year (Columns 14-57 contain 11 data values, each of

| | Month width 4. e.g. 0004, 0006. In rows numbered 1 & 2
| | | Row the 11th value is discarded, so each month has
J $ 1 31 days)
534155195201100040006001000030121014100000000024802940000 Jan.52
534155195201200000000004501350709039700560176020002380000 row 2
534155195201300000134050000140000012601800104011502150024 row 3
534155195202101170102070902040113010501440000000000000000 Feb.
534155195202200000000000001160247000000000000000000250000
534155195202300200000000000000000000000000000000000000000
534155195203100000000000000000141013000000000000001900000 March
534155195203202810140001400000240032000510000000000000000
534155195203300000000000000000089000001800000000000000000

534155195312102140023018000000002013000000251000000000000 Dec.53
534155195312200260000003200000002000400000000005000000000
534155195312300230000000100050023000000000000001200000014
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A2.8 Ecuador

The data from Ecuador are in one file, ECUADOR.DAT. They are in columns with readings
every eight hours for precipitation, and daily Tmax and Tmin. The data have to be summed to
get the daily precipitation. A check is also made to ensure that the data are for a full year and
that Tmax is > Tmin. There are two stages to the data input.

The data for the first year are read into a worksheet, checks are made that the data are
complete, missing values are recoded, the 8 hourly precipitation are summed and the three
elements (Precipitation, Tmax and Tmin) are transferred to worksheets ECUAPREC.WOR and
ECUATEMP.WOR, before the next year is processed.

1. Your dataset should look something like ECUADOR.DAT
2. Edit ECUADOR.INS as appropriate for your data.

When the macro is run, you will be asked about the name of the data file, as in Fig. A2.4A.
When the macro has finished running, there will be two worksheets and results from the DAY
command. The macro automatically chooses a name for the file, based on the name of your

data file. For example, if the data file is ECUADOR.DAT, the rainfall worksheet will be called
ECUAPREC.WOR and the temperature worksheet will be ECUATEMP.WOR.

Fig. A2.8a Daily Data from Ecuador - ECUADOR.DAT

Siteyear
| | month precipitation ™ax TMin
| pay (8 hourly) | |

Yy il N 2
M00390 1 1 .0 .0 .7 19.4 4.3 January
mM00390 1 2 .0 .0 .0 19.4 4.6
mM00390 1 3 .0 .0 .0 21.2 4.0
mM00390 1 4 .0 .0 .4 20.4 3.0
mM00390 1 5 .0 .0 .0 19.5 3.0
M00390 1 6 .0 .0 .0 99.9 3.1 Temperature missing values = 99.9
mM00390 1 7 .0 .0 5.120.5 1.7
M00390 1 8 .0 .0 19.1 18.7 7.5
mM00390 1 9 .0 .0 14.8 17.2 6.8
mM003901218 0 .0 .0 21.0 6.5 December
mM003901219 .0 .0 .0 20.2 6.4
M003901220999.9999.9999.9 20.4 5.4 Precip. missing data = 999.9
M003901221 .0 .0 2.2 21.4 3.8
M003901222 0 .0 4.7 18.4 6.5
mM003901223 0 .0 .0 18.9 7.9
mM003901224 0 .0888.8 18.3 8.0
M003901225 .0 .0 11.9 20.6 5.9
M003901226 .0 .0 2.0 19.6 4.0
M003901227 .0 .0 1.8 17.8 6.0
mM003901228 0 .0 3.4 19.2 5.0
mM003901229 0 .0 21.8 19.2 4.1
mM003901230 0 .0 13.7 15.6 6.5
mM003901231 0 .0 .6 15.4 7.4
m00391 1 1 0 .0 .117.8 3.6 Year 2
m00391 1 2 0 .0 .0 18.0 4.0
mM003911229 0 0 .6 17.0 7.4
mM003911230 .0 .0 1.119.4 5.0
mM003911231 .0 .0 .0 19.3 5.0
mM00392 1 1 .0 .0 .0 20.4 3.9 Year 3
mM00392 1 2 0 0 6.3 19.8 6.5
mM00392 228 .0 .0 319.3 7.1
mM00392 229 .0 .0 0 19.0 10.6 Leap year
mM00392 3 1 0 0 022.2 7.8
mM003921229 .0 0 .0 20.4 3.1
mM003921230 .0 0 4.119.8 7.0
mM003921231 .0 0 19.8 17.1 6.6
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A2.9 Australia

The data are in the file OZ.DAT in comma delimited format.

Field 1 Site code

Field 2 Year

Field 3 Month

Field 4 Precipitation

Fields 5,7,9 Blank

Field 6 TMax

Field 8 Tmin

1. Your dataset should look something like OZ.DAT

2. Edit OZ.INS as appropriate for your data.

When the macro is run, there are questions about the name and format of your data file.
Within the macro, a check is made that TMax is greater than Tmin.

When the macro has finished running, there will be a worksheet and results from the DAY
command, so a check can be made that the data have been imported correctly. The macro
automatically chooses a name for these files, based on the name of your data file. For
example, if the data file is OZ.DAT, the worksheet will be called OZ.WOR.

Fig. A2.9a Daily data from Australia
Site Year

Month Precipitation
| | | Day | TMax ™in
{ J vy ! { { {
87100,1963, 01, 01, 0.0, ,29.7, s 9.9, Jan. 1963
87100,1963, 01, 02, 0.0, ,29.7, , 9.9,
87100,1963, 01, 03, 0.0, ,30.8, s 6.6,
87100,1963, 01, 04, 0.0, ,31.9, , 14.3,
87100,1963, 01, 05, 0.0, ,29.7, , 13.2,
87100,1963, 01, 28, 0.0, ,23.1, s 6.6,
87100,1963, 01, 29, 0.0, ,22.0, , 12.1,
87100,1963, 01, 30, 0.0, ,19.8, , 12.1,
87100,1963, 01, 31, 0.0, ,23.1, s 7.7,
87100,1963, 02, 01, 0.0, ,26.4, , 8.8, Feb. 1963
87100,1963, 02, 02, 0.0, ,29.7, s 9.9,
87100,1963, 02, 03, 0.0, ,30.8, s 8.8,
87100,1963, 02, 27, 0.0, ,36.3, , 15.4,
87100,1963, 02, 28, 0.0, ,37.4, , 15.4, Non-Teap
87100,1963, 03, 01, 0.0, ,37.4, , 16.5, Yvear
87100,1963, 03, 02, 0.0, ,35.2, , 17.6,
87100,1963, 10, 30, 0.0, ,28.6, , 28.6,
87100,1963, 10, 31, 0.0, ,33.0, , 17.6,
87100,1963, 11, 01, 9999, ,9999, , 9999, Mov. 1963
87100,1963, 11, 02, 9999, ,9999, , 9999, WMissing
87100,1963, 11, 03, 9999, ,9999, , 9999, =9999
87100,1963, 11, 04, 9999, ,9999, , 9999,
87100,1963, 12, 31, 0.0, ,31.9, s 9.9,
87100,1964, 01, 01, 0.0, ,31.9, s 9.9, Jan. 1964
87100,1964, 01, 02, 0.0, ,31.9, , 12.1,
87100,1964, 01, 03, 0.0, ,31.9, , 11.0,
87100,1964, 02, 27, 0.0, ,33.0, , 13.2,
87100,1964, 02, 28, 0.0, ,33.0, , 13.2,
87100,1964, 02, 29, 0.0, ,33.0, , 14.3, Leap Year
87100,1964, 03, 01, 0.0, ,35.2, , 14.3,
87100,1964, 12, 29, 0.0, ,30.8, , 11.0,
87100,1964, 12, 30, 0.0, ,30.8, , 11.0,
87100,1964, 12, 31, 0.0, ,29.7, , 9.9,
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