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Analysing climatic data using GenStat for Windows 1 - Introduction

1. Introduction

1.1 The four parts of this guide

This guide is intended primarily for scientists who wish to use GenStat for the analysis of
climatic data. Our primary aim is to teach GenStat, rather than statistics, hence minimal
information is given regarding the data and the interpretation of the results.

The version of GenStat described here is the Eleventh Edition for PCs under Windows 98, ME, 2000,
XP or Vista. The minimum recommended configuration is a Pentium PC with 32 Mb RAM.

Part | of this guide is an introductory tutorial. It covers GenStat’s facilities for simple data entry and
analysis and introduces descriptive statistics and simple inference (t-tests and simple regression).
Part 1l describes GenStat's facilities for the summary and presentation of climatic data. We use
examples of monthly and daily data. Part Il introduces GenStat’s facilities for regression analysis.
This is followed by chapters that describe some further facilities for processing climatic data,
including the fitting of distributions, and multivariate analysis.

GenStat is a Windows package and we assume that users have some experience of working in a
Windows environment. However, GenStat can also be used by giving commands, and, for users who
wish to proceed further, we have a chapter entitled — Moving from menus to commands in Part IV
of the guide. The menus are based on an underlying command language, which is available for non-
standard analyses. This language is common to all versions of GenStat, including those on
workstations and mainframes.

The final chapter in Part IV is on developing a strategy. This covers three topics. The first is on the
data and includes the use of ODBC for data transfer. The second is on software and considering how
GenStat might fit into a software strategy and lists some alternative packages. The third is on staff,
and includes ideas for training.

GenStat' is developed by VSN International Limited, 5 The Waterhouse, Waterhouse Street, Hemel
Hempstead, Hertfordshire HP1 1ES, UK.

1.2 Use of this guide

One purpose in writing this guide is to provide supporting material for those, who are on a training
course. This guide, particularly the first part, may also be used for self-study, either within a
supervised environment, or for users who have experience of other statistical packages. This guide is
not intended for self-study by beginners to statistical computing.

We find typically that Part | (Chapters 2 — 6) takes between one and three hours for those familiar with
other statistical software. Thus the key elements of Part | could be covered in a half-day session of a
training course. This would introduce the software and could include a discussion on initial
impressions of GenStat at the end of the session. In general, the use of modern statistics packages
has helped training courses considerably. It is now possible even for short courses to concentrate
primarily on ideas of climatic analysis. Previously a much greater proportion was often devoted to
mastering the software.

Most real datasets are much larger than those used in the Introduction. Hence, in Part Il, we are
particularly concerned with ways of organizing and presenting the types of data that are often used in
the analysis of climatic data.

' GenStat is distributed by VSN International Limited, 5 The Waterhouse, Waterhouse Street, Hemel
Hempstead, Hertfordshire, HP1 1ES, UK. Tel: +44/0 1443 450230, Fax: +44/0 870 1215653 —
www.vsni.co.uk e-mail: support@vsni.co.uk. GenStat is the registered trademark of VSN International
Limited.
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Many studies involve looking at “relationships”. In statistical packages this is mainly handled by the
regression facilities and hence we introduce those in Part lll. We then introduce other facilities in
GenStat for processing climatic data. We choose methods that are important in their own right, but
also aim for users to gain sufficient confidence that they can look for additional facilities, when they
are needed. Resource people may wish to read through this part of the guide when preparing a
training course.

All datasets used in the examples and exercises can be found on the CD. If you read this manual in a
printed or pdf version, the files can be downloaded from The University of Reading website
(http://www.rdg.ac.uk/).

1.3 Acknowledgements

The structure of this guide and part of the materials have been adapted from the guide called “Using
GenStat for Windows, 5" Edition, in Agriculture and Experimental Biology”. This was prepared by
staff from the SSC, Reading and ICRAF, Nairobi. It was, in turn based on original notes, prepared by
Gillian Arnold, from the University of Bristol.

We are very grateful to the many people who contributed to earlier versions of this guide. We also
appreciate the permission from the Zimbabwe Meteorological Services to use their detailed data in
this guide. We also acknowledge the other Met Services that have allowed us to use their data.

We also wish to acknowledge the efforts of the GenStat development team, who were prepared to
add further facilities to this version of GenStat, mainly for those involved in climatic analysis. These
included particularly the topics described in Chapter 15, on extremes and directional data.

We are also most grateful to the UK Met Office, who have funded the preparation costs of this guide,
and VSN who funded the update to Version 11.

Roger Stern James Gallagher
Statistical Services Centre Statistical Services Centre
University of Reading University of Reading
Harry Pitt Building Harry Pitt Building
Whiteknights Road Whiteknights Road
Reading RG6 6FN Reading RG6 6FN
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Analysing climatic data using GenStat for Windows 2 — GenStat Basics

2. GenStat basics

This part of the guide is written in the form of our introductory tutorial. The aim is for the
user to become familiar with the basic operations of GenStat for Windows.

If you are following the chapter while using GenStat then we indicate where you should
type something with a =. The remaining text describes what is being done.

In this guide, we sometimes assume a user already has experience of Excel. We show how data
entered into Excel can be analysed with GenStat and also how data from GenStat can be saved as
an Excel file.

Users who are not familiar with Excel should omit these sections. Experience with Excel is not
necessary for using GenStat.

2.1 Starting GenStat 11th Edition

You start GenStat within Windows on a PC by clicking on the GenStat icon on the desktop or toolbar
or by selecting “GenStat 11" Edition”, from the Programs Menu. If no GenStat icon is available on the
desktop, you can create one yourselfz.

aenskat

After starting GenStat, you see a standard Windows interface with a title bar, menu bar, tool bar,
status bar and several windows, Fig. 2.1a. The Output window will contain the output from the
operations we perform. The input log keeps a record of what has been done in an analysis. Many of
the menus are standard for Windows applications. Only Run, Data, Spread, Graphics and Stats are
GenStat-specific.

2 By default, GenStat is installed in the folder C:\Program Files\Gen11Ed. Use Windows Explorer and
go to the subfolder Gen11Ed\bin. Right click with the mouse on Genwind11.exe and create a
shortcut. This shortcut can now be dragged onto the desktop. You might rename the icon on the
desktop (right click and click ‘rename’) as GenStat 11™ Edition, to avoid confusion with previous
versions.
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Fig. 2.1a GenStat Windows
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Fig. 2.1b shows an example of the interface after a spreadsheet has been opened.

2.2 Datainput

N GenStat

Fig. 2.1b Windows = Tile Vertical
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2.2.1 Datainput using the Spread Menu

= We show two ways to enter data into GenStat. The first is within GenStat. Choose Spread =

New = Create.
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=

Fig. 2.2a Spread = New = Create
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Choosing Create brings up a box allowing you to specify how many data columns you want,
and how many rows of data there will be. Edit the box to make a GenStat spreadsheet with 11
rows and 2 columns as shown in Fig. 2.2b.

Different types of spreadsheet can be made, but the default (i.e. what GenStat will select in the
absence of further information) - Vector - is usually the type you will need.

=

Click [OK], and an empty spreadsheet will appear. You can start to enter data by clicking in a
cell in the spreadsheet. Type the number, and then press the [Enter] key. Enter the following
numbers into the first column:

1330 2094 1851 1470 1557 1932 1184 2452 1347 1792 1488

Press the [Enter] key after the last number. The cursor will then move to the top of the next
column. Enter these numbers into the second column:

120 161 150 142 152 155 126 183 132 167 149

Make sure that you press the [Enter] key after typing the final number. The resulting sheet is shown
in Fig. 2.2c. If you have made any mistakes, these can be easily corrected, using the arrow keys to
move to the cell to amend and entering the correct value.

For each row, the value in the first column is the annual rainfall total, and the value in the second
column is the number rain of days. It is helpful to give the columns more meaningful names than the
default C1, C2, etc.

=

To give a name, position the cursor as shown Fig. 2.2c. It becomes a pencil, rather than a
hand, and clicking on the mouse gives a popup screen where you can type the name for the
column, as shown in Fig. 2.2d. Then press [OK].
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Fig. 2.2c Naming C1 Fig. 2.2d_Giving the name
preac = readsh... |- |0
Row | 201 cz [+ Row| C1 cz ||+

1| 1330 120« pa—

2| 209 161 —

3 1851 150

2 1470 112 (1] | Cancel | Help |

5 1557 152 5 1557 152

A 1932 155 ] 1932 155

7 1184 126 7 1184 126

& 2452 183 & 2452 183

9 1347 132 9 1347 132
10 1792 167 10 1792 167
11| 1488 19| = 11| 1488 149~

2 v 4 IC 2V 4 IC

= Once you have given column C1 the name total, repeat with C2 with the name raindays. These
names now appear on the columns of the spreadsheet.

2.2.2 Organising the Windows

It is useful to decide how you wish to use the different windows in GenStat.

= Use Window = Tile Vertically to give the layout with the three Windows namely the Output,
the Input Log and the Spreadsheet. This is roughly as shown earlier in Fig. 2.1b.

These windows indicate one difference between most statistics packages, like GenStat, and
spreadsheets, like Excel. With a spreadsheet you have effectively one type of window within which
you can have your data and results.

In GenStat you have one window for your data and this is called the spreadsheet. It does not include
any results.

You have a separate window, called output, for the results.

You also have here a third window called the Input Log, see Fig. 2.1b. This keeps a record of what
you have done.

= Now minimize the Input Log and then use Window = Tile Vertically again (or press
<Shift><F4>) to give the layout roughly as in Fig. 2.2e.
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Fig. 2.2e Windows = Tile vertically (with Input Log minimised)
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=

= Then use Window = Tile Horizontally.

Which layout of the windows do you prefer?

2.2.3 Saving the file
= Use File = Save As and save the file as cmtut1.gsh, as shown in Fig. 2.2f.

Fig. 2.2f File = Save As

Save 5preadsheet [cmiut1.gsh]* As

Now try maximizing the output window, and then reducing it to its half size again.

Save i |E} data

File narme: ||:mtut1

Save as ype: | GenStat Spreadzhest [*.gzh]

File Version: | Third-Eleventh Edition

Set az Working Directary Go toWworking Directary

Warking Directaries: |E:'\data
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= Use Run = Restart Session, so you are ready to try the second way of entering data. It will
warn you, as shown in Fig. 2.2h, but persevere by clicking on ‘Yes’.

Fig.2.2g Run = Restart Fig. 2.2h Accepting the restart

S0 Data Spread Graphics  Staks  Tools W
: - & GenStat X

Restarting the session will clear the Sutput and Input Log,
L. close all okher windows and clear all data.
[ you wank restark?

Yes Mo

Submit File, .. Chrl+E
Submit: R Script. ..
Submit BUGS Script., ..

Restart Session k

Restark Server
Flush Server

If you are not experienced in computing, or if you are not familiar with Excel, then go to Section 2.3.

2.2.4 Datainput from Excel worksheets

This section assumes you are familiar with Excel. If not, or if you are using different
spreadsheet software, then omit this section and go to Section 2.3.

Most of your data is probably entered already, in a database or in a spreadsheet like Excel. Importing
data into GenStat is easy.

= Minimize GenStat and go into Excel.

We assume you are now in Excel.

=  Create a new Excel workbook and enter the same data as earlier, see Fig. 2.2i. In the cells
above the data, you can enter the names for the columns: ‘total’ and ‘raindays’.

Fig. 2.2i Data entry in Excel

A B

1 |total raindays

2 1330 120
3 2094 161
4 1851 150
3 1470 142
) 1557 152
7 1932 135
8 1184 126
9 2452 183
10 1347 132
11 1792 167
12 1488 149

13

= Save your Excel workbook and give it the name cmtut1.xls. You have now finished with Excel,
so minimize Excel and go back to GenStat.

= In GenStat, choose File = Open and select the Input file. Indicate that the file to import is of
the ‘Other Spreadsheet Files’ type as shown in Fig. 2.2j.

10
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Fig. 2.2] Look for Excel file

Select Input file... @@
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case just click Finish to import the data into a GenStat spreadsheet.

In the next window, you can select which worksheet of the workbook you want to import. In this

In this example the data were easy to import, because the Excel sheet only included what was to be
imported. To import any set of data equally easily, into GenStat, from Excel, you can define a named

range in Excel.

Go back into Excel and add a line or two of description as shown in Fig. 2.2I. Then, in Excel,

highlight the range containing the data and the header row and On the Formulas tab, in the
Defined Names group, click Create from Selection, see Fig. 2.2m (If you are using a
version of MS Excel that precedes the 2007 edition choose Insert = Name = Define

=
instead).
Fig. 2.2] Excel file with description
A B c
1 |Annual rainfall totals for Genstat tutorial
Number of days with
rainfall exceeding

2 Datain mm__ 0.85mm

3 total raindays

4 1330 120
5 2094 161
6 1851 150
7 1470 142
3 1657 162
9 1932 155
10 1154 126
1 2452 183
12 1347 132
13 1792 167
14 1458 149
15

=

minimise Excel.

Fig. 2.2m Defining a name in Excel
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=
Mams
M

Give the range a name, for instance Data, as shown in Fig. 2.2n. Then save the Excel file and

11
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Fig. 2.2n Specifying the name of the range as “Data”

New Name E
Hame: | data |

il: 0 I:l =5 | 'l.l'l.l' ar l‘l:tl [m][n] l::_

Comment:

Befers to: | —sheet11a41 46412

T
il

[ oK ][ Cancel ]

=  Go back to GenStat and restart the session by selecting Run = Restart Session and then
clicking [Restart], to clear all windows, dialogue boxes and the spreadsheet. When you now

reopen the file cmtutl.xls, you are able to select the range Data as shown in Fig. 2.20. The
R:Data in Fig. 2.20 signifies that you are using a named range.

Fig. 2.20 Importing the named range into GenStat

Select Excel Worksheet for Import

5 Sheet] The excel file containg the

5: Sheet? warkzheets [marked 5:] and

named tanges (marked R
1. d3ld

in the ligt oppozite.

Select the ane that contains
the data you wish toimport,

Thiz named range points to:
Sheet1la2B13

Add to Book
Select Al MNew Boaok j

Cancel < Back Mest » Finizh | Help

An alternative way of transferring the data is to copy a range of cells from Excel and paste it into
GenStat. This is not considered good practice in data management, as will be seen in Chapter 18,
but is a fast and easy way of data transfer for a quick provisional analysis.

= To show this way, choose Run = Restart Session to clear all data out of GenStat. Go back
into Excel. Highlight the range containing the data and column headers and from the Home
tab choose Copy, or right click with the mouse in this range and click Copy. Now the data are
loaded into the Windows clipboard. Go back to GenStat and choose Spread = New = From
Clipboard, see Fig. 2.2p and the data are entered into a GenStat spreadsheet.

12
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Fig.2.2p GenStat option to import from the clipboard

Sug=pM Graphics  Stats  Tools  window  Help

Create. .. Ch+F10
Data in @enstat. .. Shift+F10
From Clipboard
CDBC Data Queary,., Al+CErl4+FL0
DDE Link... Chrl+3hift+L
Excel Import Wizard. .. Chrl+alk+E

2.2.5 Advanced data input
It is also possible to import data from other file formats or to create links with other files. More
information can be found in Section 18.3, where we show how to establish an ODBC link.

2.2.6 Leaving GenStat

=  To end a GenStat session, choose File = Exit. You will be asked if you want to save any of
the open windows or spreadsheets. Select [Yes] to save the spreadsheet, but [No] for the
other windows , and [Exit] GenStat.
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As well as showing you how to enter data into GenStat, you have seen how easy it is to
transfer data from another package, such as Excel. So, if you are already familiar with a
spreadsheet or another statistical package, using GenStat does not have to stop you
from using other software. You can use GenStat in addition. We will show examples
from Excel spreadsheets at various points in this guide.

2.3 Some basic data manipulation

2.3.1 Summary statistics

= Restart the session and reopen the file cmtutl.gsh. The data in the spreadsheet are passed
into the GenStat server as soon as you click anywhere outside the spreadsheet or the spread

menu.

= Try doing this by clicking in the output window.

Some summary information about the two columns total and raindays will appear in the output
window showing minimum, mean and maximum values, number of values and number of those that
are missing. What are the values for these two variates?

= For further statistical summaries use the Stats menu, as shown below. Choose Stats =
Summary Statistics = Summarize Contents of Variates. Select the variates required in
the resulting dialogue shown in Fig. 2.3b, and then click [OK].

Fig. 2.3a Choosing the dialogue Fig 2.3b Selecting the columns

Tools  Window Help

"N summarize Contents of Variates E]|E|@
Summary Statistics ] Surmmarize Contents of Variates... Available Data VEs By Groups: -
Statistical Tests 14 Surnmarize Circular Data, .. raindays raindaps J ,7
Distribwtions ¥ Diversity... total
Regression Analysis 3 >
) Tally...
Design 3
) . Frequency Tables. ..
Analysis of Wariance 4 < s o (Tabulatian) |
urnmaties of Groups (Tabulation)..,
Mixed Models (REML) , . i
. i i plionz
Multivariate Analysis 4 Correlations. .. [T WoofValues ¥ Mirirnurn ™ Range [max-min)
i Sigma 4 ¥ Mo. of MorrmissingWalues v Maximum ¥ Lower Quartile
Survey Analysis 4 W Mo of Missing Values I~ Wariance ¥ Upper Quartile
Time Series 4 v Arithmetic Mean ™ Standard Deviatian [~ Sum of Values
Spatial Analysis ’ M Median More statistics. ..
Survival Analysis 4
Repeated Measurements ¥ Eirsifes
Meta Anahsi , ™ Histogram [™ Boxplot [T Stem and Leaf
eta Analysis
) ¥ ™ Mormal Plot
Microarrays 3
& XK Run | Cancel Defaults
Sample Size 3 |— J J J | | |

= Select the Output Window. If you cannot see this window, try clicking the
in the tool bar successively until it appears. Some of the results are shown in Fig. 2.2c.

are other statistics available with the same dialogue box.

14
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Fig. 2.3c_The results

B Output
HNurber of ohservations = 11
Nuwker of mwissing waluss = 0
Mean = 148.8
Median = 150.0
Minimuam = 1z20.0
Maximum = 1583.0
Lower guartile = 134.5
Upper guartile = 159.5
Suwmmary statistics for total
HNurber of ohservations = 11
Nuwker of mwissing waluss = 0
MNean = 1682
Median = 1557 —
Minimuam = 1154
Maximum = Z452
Lower gquartile = 13785
Upper gquartile = 1912
A
p >

= Find the Summarize contents of Variates dialogue again. Click on the [Defaults] button to
clear all currently selected statistics. Reselect the variables and choose Arithmetic Mean and
Standard Deviation. Then press the [More statistics] button and choose Standard Error of
Mean, and click [Run].

= Use Graphics = 2D Scatter Plot and complete the dialogue box as shown in Fig. 2.3e.

Fig.2.3d Choosing the scatter plot

dialogue
ey e Staks  Tools  Win

Fig.2.3e Specifying the y and x

2D Scatter Plot - Data

X

Create Graph. ..
Type of plot; | Single =Y -
mz[) Line Flat F Select the data to be plotted [or enter name and press return)
Ine Flat, ..

Select Select Select Grouping Factor:
3D Scatter Plot... tatal - [aindays j |< Maone » j
Histogram... Data currently selected for plotting
Ear Chark.,.. ¥ Data: ® Data: Groups:
Boplat, ..
Dok Hiskogram. ..
Cok-plot. ..
Rug Flat,..
Pie Chart,.. JJ JJ Cancel | Next > Finizh
Skem and Leaf ...

The relationship between the total rainfall and the number of rain days is as follows:

15
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Fig. 2.3f The graph is in its own window

2400 +

2200

2000

total

1800 *

1600 4

1400

1200 - «

120 130 140 180 160 170 180
raindays

= Close the graph window with File = Exit (choosing [No] to the question about saving the
graph), and then close the 2D scatter plot and summary dialogue boxes by choosing [Cancel].

Many dialogue boxes in GenStat do not close when you click [OK]. They only close if
you click on [Cancel]. This is so you can easily repeat an operation, or get more output
from the current analysis without having to go back through the menus. It is quite easy to
get a large number of windows and dialogue boxes open at once, so it can be quite hard

to find the one you are looking for. Clicking the & or = buttons in the tool bar can
help find the one you want. Alternatively, to find a particular dialogue or menu box, just
repeat the menu commands that opened it (e.g. Graphics = 2D Scatter Plot) as this
will bring back the box complete with anything that had been entered. It is a good idea to
close a box by clicking [Cancel] as soon as it is no longer needed.

2.3.2 Calculating and formatting columns

It is easy to calculate new variates from those already entered. In this example, it would be
interesting to find the mean rain per rainday in each year. This is simplest to do within the
spreadsheet.

= First, the spreadsheet needs to be selected. Do this, either by clicking somewhere in it (if you
can see it), or use the toolbar arrow buttons or the Window menu, as shown in Fig. 2.3g.
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=

Fig.2.3g Selecting the spreadsheet

Window Mgl
Close all
Cascade
Tile Horizontally Alt+3hift+F4
Tile wertically Shift+F4
#tkach ko Frame Chrl+-Shift+1
et Ctrl4+F&
Previous Chrl+Shift+Fa
Graphics Alt+0

w 1 Oubput
2 Inpuk Log
5 Event Log

4 Ci\Documents and Settings!,. .. \cmbutl

wWindows, .

Fig. 2.3h Choosing the calculate dialoque

To calculate a new column, choose Spread = Calculate = Column as shown in Fig. 2.3h.

Sy Graphics Staks Tools  ‘Window  Help

Mew 3 J ﬂ EI _El- % @ 5 E;}

Column dER IR E R

Fackar 4

Calculate » Fil... F3

Delete ¥ Lisk Fill. .. Chrl+F11

Insert 4 Fill by Groups. ., Ckrl45hift+G

Select » Date Fill... Chrl+alk+F11

Restrict/Filker 3

ot - w
. Factor... Chrl+alt+F

Manipulate [

szst : Standardize Chrl+5hift+F3

Add N Randarn Sample..,  Shift+F11

Randaor Subset...  CtrHAk+S
Export 4
Lpdate * Summary Stats... F1l

Set as Ackive Sheet

Fig. 2.3i _Giving the formula

Fig. 2.3] The results

e -
Calculate Fow | total | raindays | meanperday +
|t0ta|x’rainda}ls 1 1330 120 11.0833 -
Available Data . 2 2094 161 13.0062
S - R O A T T I
M 2D o e s a| 1470 12| 10.3521
rT - - - .
- o [elfall> el e e s| 1557 152 10.2434
I Maticss e N S 6| 1932 155 12.4645
I~ Tables Functions... 7| 1184 126 9.39683
Save Result [n: |meanperda_l,l [ Print in Output 8| 2432 183 13.3989
v al 1347 132 10.2045
v Dizplay In S dzheeat: -
1zplay In 2 preadsneed |[cmtut1.Hst]Sheet1 J 10 1792 167 10.7305
E J ﬁ Cancel | Options. .. | Defaults | 11 1188 149 5 98658 -
7] 4 [ v
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= Complete the box as shown in Fig. 2.3i. The calculation can either be typed into the top box,
or you can use the mouse to click on the operator buttons and double click on the variates as
required.

Type the name of the new column into the bottom box labelled Save Result In, Fig. 2.3i. Then click
[Run]. Click [Cancel] after this to remove the dialogue box.

There is now a new variate, called meanperday, added to the spreadsheet, as shown in Fig. 2.3j,
which holds the 11 values of the mean rain per rain day. The name is part shaded (in yellow on a
colour screen) to indicate that the column meanperday is a calculated column.

= To illustrate the difference between an ordinary and a calculated column, try to change a value
in the meanperday column. GenStat gives a warning, see Fig. 2.3k.

Fig. 2.3k Showing that the column was calculated

neanperday
11.0833
5

raindays
120
161

GenStat

Column meanperday containg calculated values

Are pou zure you want to change this cell's values’?

ez bo All Cancel |

T e -..-.'..-..-v..-l I I

Thus GenStat's spreadsheet is a little like an ordinary spreadsheet in that it records the
calculation, rather than just doing the transformation. If you change a value in the
original column, the derived values do not, however, change automatically. You could
then use Spread = Calculate = Recalculate, to update the derived values.

Fig.2.3] Commands keep arecord of your work

B Output

40 CALCULATE meanperday=total/raindays
41 FSPREADSHEET [3SHEET=222383896; METHOD=replace] meanperday

You may have noticed that commands have been appearing in the Input Log as you
work. This is a record of what you have done, written in the GenStat command language.
You can re-run any of these commands with the Run menu, or copy them into a new
window to make a program. There are already some examples on page 20. More
information can be found in Chapter 16. To understand for instance what has happened
within GenStat, when you did the last calculations, we have shown the output window in
the figure above. There you see, in line 40, that the spreadsheet generated a command
font command, that was executed by the GenStat Server. Line 41 shows that the results
were then passed back to the spreadsheet. (Ignore the large number there, 22238896,
which may well be different when you run the commands. It is an internal reference
number so GenStat knows which spreadsheet contains the new column.)
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Calculations will normally be done in a spreadsheet as above. Once you become
experienced in using GenStat, you could alternatively do calculations only in the GenStat
server, using the Data = Calculations menu, rather than the Spread = Calculate =
Column route that you used above. The result is the same to the GenStat Server, but
you would not automatically see the calculated column in a spreadsheet.

In the spreadsheet, each value of meanperday is displayed to four decimal places.

=

You can change this with Spread = Column = Attributes/Format, Fig. 2.3m. Make sure
that you select meanperday in the column box. A faster way is to right-click in the meanperday
column and to choose the Column Attributes option. The same Column Attributes Dialogue
Window will appear.

Type ‘1’ in the Decimals box Fig. 2.3n, and check that Fixed is now the numeric format. You
may also wish to enter a concise explanation of the contents of the column in the Description
box. Now, whenever meanperday is printed in the output, it will be displayed with 1 decimal
place by default. Click [OK] to effect the change.

Fig. 2.3m Choosing the Format dialoque

Fig. 2.3n_Give the column one decimal place

Graphics Stats  Tools Window  Help

Column Attributes/Format for meanperday

MNew 3 = o
r'—-l m 5] 4 EG ﬁ & I@' ﬁ Calurmn: |meanperday j Type:
Factar » Rename... MG AltshiferR MName: |meanperday Wariate Cancel
Calculate ¥ Conwert... Shift+F3 o
Delete » c " Description | Apply
opY

Insert ' Cut Chrl4F2 Decimals: 1 width: " Help
Select 3
ReestrickFilt: 3
Soerst tickFilter s Copy Names Py Sheet...
Manipulate R ;aste.N:mes Ale+5hift+M , Calculation: |t0tal.-"ra|ndays Convert.
Shest 4 EserP |0|.15 Finimnum: * I awimuirn: * f
Book ,|  Promate First row 4 - - Fill... |

Identifying information uzed in output:
add ¥ Duplicate... Chrl+Al+E2 Wi P |Defaut = Date Type...
Export 4 Jugtification Mumeric Format
Update ¥ Reorder... Chrl+alk+0 (& Default  Gemeral
Set as Active Sheet HidejShaw, .. “ Left © Scienti

= cientific
" Right + Fized
™ Centred " Date
Column created: 26-5ep-2008 1:49:18.44 pm

Assume that these data values came from 11 years in order. It would be useful to have this
information entered too.

=

Click in the first column (total) of the spreadsheet.

Choose Spread = Insert = Column

before Current Column. This gives a dialogue box called Create a new column as shown

in Fig. 2.30.

Fig. 2.30 Spread = Insert = Column

Create a new column

Fig. 2.3p Right-click and choose Fill

preadshee & |
Colurnn Tppe Mame: ’—
year
& Varate _— Row | year | total | raindays | neanperda +
« Faotor e Coneel 1 ] 1330 120 TE
© Text Decimal places shown, ® Help " ‘—— P 13
" Lang Text ’— 2 2 Copy —
(30 chers ] 3 1 cut 12
a * 1 Paste 10
: « Paste Special... E
Delete, .. —
6 o1 12
S m 9
Rename... —
g 2 cConwert... E
9 1 10
10 EE Corrvert bo Factor 10
" Convert to Text —
i L v |10 -
?’p‘i IiroFect Colurmn |:‘|—
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= Type year in the name box and click on [OK]. A new column will appear in the spreadsheet
filled with missing values (denoted by *), Fig. 2.3p. You could now type in the numbers 1 to
11, or the real years, if they are known, but there is a quicker way to fill in regular sequences.

= Right click in the Spreadsheet and choose Fill from the popup menu as shown in Fig. 2.3p or
choose Spread = Calculate = Fill. In the Fill dialogue, shown in Fig. 2.3q, make sure that
year is in the top box. Clicking [OK] will fill year with the numbers 1 to 11. Fill can also be
used to make patterned sequences.

= Details of the use of this, or any other dialogue, can be found by clicking the [Help] button in
the dialogue box. An example is given in Fig. 2.3r.

Fig. 2.3g Complete dialogue Fig.2.3r Try the Help button
Fill Column year with a Numerical Sequence ? E| E? GenStat Help EEX
Preview i & &
‘5‘55' ﬂ Ok | ] Show  Previous  Nest it Options
Starting Value: & 2 fa
pply :
3 Spreadsheet Column Fill
Ending ¥ alue: 11 1
Cancel 5 Select menu: Spread | Calculate | Fill
Increment: 1 g See Also
Help 7
Number of Repeats: 1 a This dialog can be used to automatically generate a pattem or sequence of numbers to
[~ Copy Down existing values aver missing q fill within a column. Patterns can he generated by providing a starting and ending value
10 along with an incremental walue. Mumbers can also be repeated within the pattem. By
r 1 default the pattern starts in the first cell of a column and iz repeated as necessary to
r r fill the column. However, the starting and ending positions for the generated pattermn
N can be specified using the relevant options.
Fill from cll Fill to
&+ Top " Curent & Baottom ¢ End of List The list at the top of the dialog contains a list of the columns within the current

spreadshest. Select the column name that is to be filled with the numerical sequence.

—

Starting Value
First walue in the sequence,

Ending Value ~

= Try plotting the mean per day against the year as a line graph. Use Graphics = 2D Line Plot
= SingleXY type with meanperday as the Y and year as the X.

Now investigate the graph. What is the year with the lowest mean? Is there any obvious pattern?

= Remember to close the graph with File = Exit at the top of the graph.

2.4 Factor Columns

2.4.1 Introducing factors

So far, all the information entered into GenStat has been numerical. It is possible to include textual
information as well. One structure that accepts this kind of information is a factor. This is a special
column used to indicate groups in the data.

Four years in this data set were El Nino years, the second, third, eighth and tenth. The remainder

were ordinary years. So we will make the factor with two groups or levels, and here, one is labelled E

and the other O.

= Click in the first column of the spreadsheet (year) and choose Spread = Insert = Column
after Current Column. Type the name type into the Name box, and click to select Factor
under Column Type in Fig. 2.4a. The dialogue will change.

Fig. 2.4a Spread = Insert = Column

Create a new column

!

Colurn Type rT—— |
' vee oK
" Wariate il Ve -
+ Factor MHEYSLE: l— Cancel
T Tent Decimal places shown: w 1 e
" Long Test
Murnber of Levels: 2
[»30 chars | Lewvels
Labels
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= Specify that the factor has 2 levels and then click on the [Labels] button. The dialogue shown
in Fig. 2.4b appears. Type 'E' and press the [Enter] key. The next level (2) will become
selected. Type 'O', press [Enter] and then click [OK] to make the changes take effect.

= Click [OK] in the Create a new column dialogue, as shown in Fig. 2.4a to make the new
column, which contains empty cells.

Fig.2.4b _Add labels to the factor Fig. 2.4c_Entry of data
Edit Factor Labels X] —— . heet1!A2:812)* - [0
|E Row | ¥ear b ype g ey (L aY +
Factor Labels: [Select to Edit] 1 110 11 "
-
— 2l 2¢F " 30
- 3lE ++ Add Mew Label ++ 23
4 410 0.4
g 5|0 0.2
& 6|0 2.5
7 70 9.4
g 8|E 34
Presz Enter to Update Label ? 90 0.2
. 10 10|E 0.7
Clipboard: Paste | Copy | 11 110 ’Tl Cancel | 0.0
Entries: Add | Delete | |~
? v 4 IC
QK. | Cancel | Help |

= Now type the following values into the new column, as shown in Fig. 2.4c.

OEEOOOOEOEDO

If you make a mistake by typing lower case 'e' instead of an upper case 'E', GenStat will
turn it into an upper case 'E'; if you type the wrong letter, GenStat will give you a
message and ask you to retype your entry. Double clicking gives a pop-up menu, as
shown above, which lists the allowable levels.

= The factor column can be used to label a graph. Choose Graphics = 2D Scatter Plot. Fill in
the boxes as in Fig. 2.4d, and click [Finish] to produce the graph shown in Fig. 2.4e. If you
first click [Next], you can add titles to the graph and the axes.

Fig. 2.4d Graphics = 2D Scatter Plot

2D Scatter Plot - Data E|

Tepe of plat: | Single =Y -

Select the data to be plotted [or enter name and press return)

Select v Select = Select Grouping Factor:
tatal ﬂ | vear ﬂ ﬂ

Drata curently selected for plotting
¥ Data: » Data: Groups:

-

JJ J J Cancel Ne:-:t > Finizh
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Fig. 2.4e Resulting graph
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By using the Edit = Edit Graph once you have the graph, or right clicking in the graph, you can
choose to edit the Axes key or other commands. They can be used to modify the layout of the graph
until it is ready for reporting or publishing. Graphs can be saved in different formats by choosing File

= Save as see Fig. 2.4f. You leave the GenStat Graphics Window by choosing File = Exit from the
menu bar.

Fig. 2.4f File = Save As, choosing and emf type

Save as type: Windows Enhanced Meta Files [7.emf] A

GenStat Meta Filesz [*.gmf] =

Encapsulated PostScrpt [ eps

YWindows Enhanced Meta Files [* emf]
JPEG Files [*jpg) k
TIFF Files [*.tif)

Fortable Metwork Graphics Files [*.png)
Bitmap Files [*.brp]

GenStat Command Files [*.gen]

Back in the spreadsheet, the column called type can be modified to display longer labels.

= Select the type column in the spreadsheet. Right click and choose Column Attributes. Click
the [Labels] button, and edit the labels (to be El Nino and Other), making sure that you press
[Enter] after typing each new label. Click two [OK] buttons when you have finished, and the
labels in the variety column should now be modified.

Alternatively, the full labels could have been entered when the factor was first created. You would still
have been able to enter the values into the column by typing E or O only, the first letter of the labels.

Earlier, you used Stats = Summary Statistics = Summarise Contents of Variates to give some
summaries of the data. Now, with the data in two groups, it is useful to give the summaries for each
group individually. The dialogue used earlier can be used for this, but a more general alternative is:

= Stats = Summary Statistics = Summaries of Groups (Tabulation), Fig. 2.4g.
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Fig. 2.4g Stats = Summary = Tabulation

Summary by Groups

Available Data:

[ SetMargin

[ Totals

¥ Means

[~ Varances

[ Display table as percentage of margit

Type of Summary

¥ Mo, of Observations

[ Standard Deviation

® =/ x| 2

Wariate: Groups:

tatal type J
> |

Weights:

[ tedians

Fig. 2.4h Results

|~

132 TABULATE [PRINT=nohs,means,quantile; CLASSIFICATION=type: A

Mean

2047
14735

[~ Minima
[ Maxima
[~ Quantiles
Mare... Multiple-F esponse Tables ¥ > |
Run | Cancel | Defaults | Stare... |

= Complete the dialogue as shown and press [Run]. The results are shown in Fig. 2.3h in the

Output Window.

2.4.2 Saving data

Before continuing, save the spreadsheet.

= Choose File = Save as. By default, a Window appears suggesting you save the data as a
GenStat spreadsheet (*.gsh). A wide range of other file formats is also available.

Fig. 2.4i File = Save As, then change to Excel

File narme: |c:mtut'| il

Save az type: || SEEENEIENE

File "erzion: |E;.;.;el 2007

| Set az \Working Direchary o to Yworking Directany

YWorking Directonies: |I::'xdata

Cancel

gai

In Section 2.2 we showed how data could be imported from an Excel worksheet or could be entered
directly in GenStat using the Spread menu. We had imported the file cmtutl.xls from Excel and have
modified it. If you change the format in the figure above, and specify an Excel file then, when you try

to save, you get a warning message.

Sawve Spreadsheet [cmtut].xlsx] (Sheet1!A2:B12)* As

A\

Fig. 2.4{ GenStat warning that the original file will be replaced

CA\Documents and Settingstsns07appiiy Documentsidatalomtukl sy already exists,

Do wou want to replace it?
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2.4.3 Deleting data

In this section we will delete the column, called meanperday, that has been generated. We also show

the difference between deleting a whole column and deleting its contents.

= First select the column meanperday. Then click in the name field (or press <ALT><CtrI>C, or
use Spread = Select = Current Column). Clicking again will deselect the column. Practice

selecting and deselecting columns. Finishing with the meanperday column selected.
= Once selected, you might think that the <Delete> key should delete the column.

<Delete> key. This deletes (as expected), but just the data. The column remains! Use Edit
= Undo to get the column back.

= What you need to do is to delete the whole column. The column should still be selected. Use
Spread = Delete = Current Column. You may wish to practice this. If so, use Edit = Undo
and try again. You can also select one, or more, rows and delete them in the same way.

2.4.4 Available variables

= You can check which variables are currently available to the GenStat server using Data =

Display or pressing the F5 key, see Fig. 2.4k and Fig. 2.4l.

Fig.2.4k Display Dialogue

Spread Graphics Stats  Tools  Windov

5 Load
| Save..
Clear all Data

Calculations. ..
Transformations. ..

Unik Conversions. ..
Matrix Calculations.

Set Calculations. ..
Probahility Calculations. ..

Generate Random Sample. ..
Random Permutations. .,
Ranks...

Form Groups (Factars)...

Form Multiple-Response Factors. ..
Form Similarity Matrix. ..

Append. ..

Subset...

m.«m

Chrl+D

4

Fig. 2.4l Information about the current variables

This lists the names of the structures and their types. All structures used so far are
variates (meanperday, raindays, total and year) and factors (type), but later on you will
use other types of columns too. This is also a useful dialogue box from which you can
delete columns when they are no longer needed.
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2.5 Understanding how GenStat works

2.5.1 Afirstintroduction to the GenStat command language

Although in Chapter 2.1, we mentioned that GenStat is basically a standard Windows application, the
truth is a bit more complex. Before the Windows version you could use GenStat as long as you knew
the "language". You simply typed commands, which you submitted to GenStat.

GenStat 11" Edition is indeed a Windows application, but the menus are based on an underlying
command language. You can still use GenStat by typing commands in the Input Window as we show
now. At the same time, we show how GenStat may be used as a calculator.

= Restart GenStat. Use File = New and choose the Text Window, Fig 2.5a. This gives you an
Input Window. In this window, type Print 3+4 as shown in Fig. 2.5b.

Fig.2.5a File = New Fig. 2.5b Complete the text window

- t 3+4
General l iz SpreadshBEE] o

-2 =

WNEET  Spreadsheet

=

= Now select the Run menu as shown in Fig. 2.5c. You can choose either Submit Line (if the
cursor is still on the line you typed) or Submit Window. Choose one of these.

Fig.2.5c_The Run menu Fig. 2.5d Results
Data Spread  Graphics  Staks  Toals B Output H|E| %
M ~
Submit bo Current Dine Cerl4+Shifk-+E GenStat Eleventh Edition
Submit Fram Current Line  Crrl+Shift+M Gen3tat Procedure Library
Submit wWindow Chrl+in 1 %CD 'C:/data’
Recydle Window Chrl4-ShifE+y 2 print 3+4
Submit File, .. ChkrHE 344
Submit R Script. .. 7.000
Submit BLUGS Script... . 5 ~
Submit Clipboard ChrlH-E
Restart Session
Restart Server
Flush Server

You have now submitted your "program” of commands to the GenStat server. The results are put in
the Output Window, see Fig. 2.5d.

You can go to the output window in various ways, e.g. by using the Windows menu. There you see
that GenStat normally "echoes" the command and shows you that 3+4=7.
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An alternative to typing the command is to use the Data menu Data = Calculations, see Fig. 2.5e.
This gives the dialogue shown in Fig. 2.5f.

Fig. 2.5e Choose the dialogue Fig. 2.5f Another way of calculating
5N Spread  Graphics  Stats Tools  window
Laad 3
Save...
Clear all Data CtrH+D ™ calculate
R [ -
Transformations. ., P
Available Data
] . + ! and
Linit Cnnvlersl,lons. " [ Vaiiates i i i i
Matrix Calculations. ..
™ Factars L
Set Calculations. .. ™ Tests J J J J J J
| <= > | 3=
Probability Calculations. .. ™ Golars
. ==| /=| in| ni izht
Generate Random Sample. . I Matrices J J J
Random Permutations. . . [ Tables Functions...
Rarks...
Save Result In: | ¥ Pririt iry O utput
Form Groups (Factors)... [ Display In Spreadshest: | J
Form Multiple-Response Fackars, .,
Form Similarity Matrix, .. E ﬂ ﬁ Cancel | Options... | Drefaults
Append. ..
Subset..,
Display... F5

Then type 3 + 4 as the function, click on Print in Output and then on [OK]. If you look in the Output
window, you see that 3 + 4 still equals 7!

Fig. 2.50 3 + 4 is still 7!

& Qutput

Fig.2.5h The Input log

B Input Log

3CD 'Crfdata’

1 %CD
Z pri

7.

3  PRINT 3+4

7.

Genitat Eleventh Edition
Genitat FProcedure Likrary

'C:fdata’
nt i+4

3+4
ooo

3+4
aoo

print 344
PRINT 3+4

=  The Input Log Window is also useful.

It keeps a record of all the commands you have

submitted. Access it by Window = Input Log. You see that the use of the Calculation menu
has resulted in GenStat preparing the commands PRINT 3+4 for you and has submitted them
to the GenStat server.

So, that is how GenStat works. You prepare commands, which are submitted to the GenStat server.
The Windows version has simply given you a variety of ways to prepare the commands for GenStat.
GenStat obeys the commands and puts the results in the Output Window. It keeps a record in the

Log Window.

If the commands produce graphs, then GenStat puts the graphs in a Graphics Window. If you make
a mistake in the command, it prints an error message in the Fault Window (and in the Output

Window).

26



Analysing climatic data using GenStat for Windows 2 — GenStat Basics

The example above (3 + 4 = 7) indicates that GenStat may be used as a simple calculator. This is
worth a little practice. It is useful to have a scientific calculator. Also it is sometimes useful to
transform data.

= For example, if you want to calculate the difference between 4.35 and 2.37 expressed as a
percentage of 4.35, open the calculator with Data = Calculations, check that Print in
Output, is still ticked and type the following calculation in the top box:

100 * (4.35 -2.37) / 4.35
= Click [OK]. This will give the following in the output window:
(100*(4.35- 2.37))/ 4.35
45_.52

i.e. the difference is 45.52% of 4.35.

It is important that the brackets () are included where appropriate to make sure that the calculation
you are trying to do has only one meaning.

The symbols +, -, *, / are used for the operations of addition, subtraction, multiplication and division
respectively and ** is used for powers. There are also various mathematical functions available. One
is for calculating the square root of a number. The function is SQRT(), where the number whose
square root is required is given in the parenthesis, for example SQRT(12.37). Fig. 2.5i gives an
overview of how to perform some calculations by using the Input Window. More information can be
found in the GenStat Help file under ‘List of functions for expressions’.

= Try more calculations to see how all this works, using both an Input window and the Data =
Calculations dialogue box. Some examples are given below.

Fig. 2.5i Some basic calculations using the Input Window

Symbol Operation Example Result
+ addition PRINT 3+4 7.000
- subtraction PRINT 3-4 - 1.000
* product PRINT 3*4 12.00
/ division PRINT 3/4 0.7500
** exponentiation PRINT 3**4 81.00
Function Operation Example Result
SQRT(x) Square root PRINT SQRT(4) 2.00
EXP(x) Exponential function PRINT EXP(1) 2.718
LOG(x) natural logarithm of x, for x > 0 PRINT LOG(2.718) 0.9999
LOG10(x) logarithm to base 10 of x, for x> 0. | PRINT LOG10(10) 1.000
ROUND(x) rounds the values of x to the | PRINT ROUND(1.2345678) 1.000
nearest integer.
Other examples
PRINT (1/2) 0.5000
PRINT (100%(4.35 -2.37))/4.35 45.52

2.5.2 Server sessions

=  After the above calculations, the Input and Output Windows look a mess. All the data can be
cleared out of the GenStat server with Data = Clear All Data or Run = Restart Session.
Less drastically, you can ‘clean up’ the output window by clicking the ‘Clear Output’ button

( ) in the toolbar.
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3.

Simple statistical inference

In the analysis so far, we have just considered descriptive statistics. Thus we have
summarised the data numerically and drawn graphs. In this example, we introduce ideas
of simple statistical inference. We take an example from Mead, Curnow and Hasted,
(2003) pages 33-34 and 38-39. This compares wheat yields for 6 farmers where there
was a new system of giving agroclimatic advice, compared to 10 farmers, who used
standard information. The yields, in tons per hectare, were as follows:

new: 25 21 24 20 26 2.2

standard: 221918 21 21 1.7 23 2 1.7 2.2

The use of boxplots

Because these columns are of different lengths, they are entered into two separate
spreadsheets. For the first set, use Spread = New = Create as shown earlier in Chapter

2.2.1 Set it to have 1 column of 6 rows, enter the data as shown in Fig.3.1la and give the
column the name new.

Save the spreadsheet, giving it the name cmtut2.gsh (see Chapter 2.3.4) if you need
instructions on saving). Then use Spread = New = Create again. Change the number of
rows to 10 and enter the second set of data into this other spreadsheet, naming the column as
standard, see Fig. 3.1b. Save the spreadsheet, giving it the name cmtut3.gsh.

Fig. 3.1a 1st sample Fig. 3.1b _2nd sample Fig. 3.1c _Graphics = Boxplot

e -

Rowr | new + Fow | standa + How are the data crganized?

2.5 - E - {+ List of variates " Single variate with groups

2.1

1.9 Select the data to be plotted [ar enter name and press return)

24

Select Data:
1.8

|stanu:|aru:|

2

2.1 o

2.6

2.1 4

= T (R T (Y OO TV ) S

1.7

2.2
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<]
F
-

23 [rata currently selected for platting

Drata:

| [~

Labels:

22| I2 | 3]
AEE )
EJE Cancel ‘ | Mest > |

L Y o I (ESS I IO (. Y S P T S I

1.7 standard

—
=

One way to present the data is to use a boxplot. Use Graphics = Boxplot, complete the
dialogue as shown in Fig. 3.1c and click [Finish]. This gives the display shown in Fig. 3.1d.
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Fig. 3.1d Resulting graph Fig. 3.1e Changed

256 B =

L Fow |standa| |+
2.2 -
1.9
1.8
2.1
2.1
1.7
2.3
X
1.7
2.2

7] 4 y

1 1
naw standard

244

2.2 ‘

W 1

LYm I - T s N (= Y Y Y S L Y o I )

=
=

1.8

One use of boxplots is to show outliers.

= Go back to the spreadsheet and insert a value of 2.9 instead of 2.0 for the 8" value in the
Standard group. The general shape of the graph is the same, but the odd value is indicated as
deserving close scrutiny.

= There are two ways of displaying the boxplot. Use Graphics = Boxplot and click [Next]. You
can now choose between two types: Box and Whisker, Fig. 3.1f and Schematic, Fig. 3.1g. Try
both, as shown below. The advantage of a schematic boxplot is that you can easily discover
outliers.

Fig. 3.1f Box and Whisker plot

2.8 4

maximum value — |
26 >

\ 4

third quartile
2.4 4
median

\ 4

2.2 4

first quartile

\ 4
v

2.0 4

minimum value

1 1
naw standard
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F

Fig. 3.1g Schematic boxplot

% ¢———1 outlier
2.8

2.6

2.4 4 .
upper inner fence

third quartile

22

A

median
2.0 4

<
«

— |

T 1
naw standard

first quartile

lower inner fence

In a Box and Whisker boxplot, the ends of the whiskers mark the minimum and maximum
values of the data set, in a schematic boxplot they mark the ‘upper and lower inner
fences’. The upper inner fence is defined as the upper quartile plus 1.5 times the
interquartile range, or the maximum value if that is smaller. The lower fence is defined
similarly.

Extreme values between 1.5 and 3 times the interquartile range (plus the upper or minus
the lower quartile) are by default marked as green crosses. More extreme values (more
than 3 times the above mentioned range) are marked as red crosses.

If you made this change, then set the edited value back to 2.0, in the spreadsheet before
continuing.

Comparisons of means

Simple comparisons of the means of two different samples can be made with Stats =
Statistical Tests = One and two sample t-tests. Complete the dialogues as shown in Fig.
3.2a and 3.2b. Use the Options button in Fig. 3.2a to give the dialogue in Fig. 3.2b.

ig. 3.2a Stats = Tests = One and Two Sample Fig. 3.2b Options sub-dialogue

30

N T Tests =X Ti-Test Options

Axvailable Data: Test:

new | Twin-zample [unpaired) D IS|:I|E|_|,'

v Confidence |nterval
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[+ Surmmary
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Data Set 1: |new
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E stimate of variance

Confidence Limit [%): [ Random permutation test

—

Drata Arrangement
% Two Sets

" One set with Groups

® -|x/a)
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Cancel | Defaults |

f* Automatic
" Pooled
" Separate

=
—




Analysing climatic data using GenStat for Windows 3 — Simple statistical inference

The output window shows the results, see Fig. 3.2c.

Fig. 3.2c_Output from the t-test dialoque

Two—sawnp le t-test

Variates: new, standard.

Test for equality of sample wvariances

Test statistic F = 1.20 on 5 and 9 d.£.

Probability (under null hypothesis of equal wariances) = 0.76

Standard Ftandard error

Sample SFize HMean Variance dewviacion of mean
new & 2.300 0.05600 0.2366 0.09661
standard 10 2.000 0.04667 0.z2160 0.06831
Difference of means: o.300

Ftandard error of difference: 0.115

95% confidence interwval for difference in means: (0.05234, 0.5477)

Test of null hypothesis that mean of new iz equal to mean of standard

Test statistic t = 2.60 on 14 d.f.

FProbahility = 0.0Z21

3.2.1 Some more data manipulation: appending spreadsheets

In the 2-sample example that was used for the t-test, the data were put into separate
spreadsheets. Data often need reorganizing before analysis and here this step is
illustrated by joining the data together for the two sets. Fig. 3.2f shows what we are
aiming for.
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Fig. 3.2d 1st set

Fig. 3.2e 2nd set

Fig. 3.2f Stacked data

- |[O] = pread m
Fow | new Row |standa| |+ Rot| yiela |! e ||+
1 25 = 1 7| 1 mlnew -
2| 21 2 1.9 2 2.1|new
3] 24 3 1.8 3 24 new
2 2 4 2.1 4 Z(new
5| 26 5 2.1 5 2.6|new
= I; = 2.2 - hd ] 1.7 6 2.2 new
. 7 2.3 7 2.2 |standard
8 2 g 1.9|standard
3 1.7 ] 1.8|standard
10 2.2 = 10 2.1|standard
2|l 4 b 11 2.1|standard
1z 1.7 |standard
13 2.3 |standard
14 2|standard
15 1.7 |standard
16 2.2 |standard | [
2[4 [ »

What we wish to do is to append the data from the two columns and add a further
column that specifies from which set each observation has come.

If the spreadsheets are no longer in GenStat then they will have to be opened. They were

saved earlier with the names cmtut2.gsh and cmtut3.gsh, see Fig. 3.2d and 3.2e.

Click in the shorter spreadsheet cmtut2.gsh, so it is the active window. Use Spread =

Manipulate = Append and complete the dialogue as shown in Fig. 3.2g. This appends
cmtut3.gsh to the data in cmtut2.gsh and adds the information for a factor that distinguishes
between the two groups. Press [OK].

Fig. 3.29 Spread = Manipulate = Append (with cmtut2.gsh as the active window)

Append Data to Sheet: Spreadsheet [cmiut2.gsh] @
K.

Data Source 0
" File " Clipboard (+ Sheet " OCDBC
Cancel
Sheet:
Spreadsheet [cmiut3.gzh] j
Help

Fecord Source in Factor: b atch Columnz by
type j f* Pasition " Mame
Factor Label for added data: |standard
Factor Label for Original data: |new
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The layout of the data shown in Fig. 3.2f is more common and is used in most of the
remainder of this guide.

U

Rename the column new in the long spreadsheet to yield.
Use File = Save As to save the spreadsheet, giving it the name cmtut4.gsh.

U

3.3 References

Mead, R., Curnow, R. N. and Hasted, A. M. (2003) Statistical Methods in Agriculture and
Experimental Biology, 3rd edn. Boca Raton: Chapman & Hall/CRC Press.
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4.

Simple regression

4.1 Setting up the data

We now introduce some key elements of data analysis, by means of simple regression.
This example is taken from pages 178 - 181 of Mead, Curnow and Hasted (2003). We
will return in Chapter 11 to the more general use of GenStat for regression.

Use Run = Restart Session to start a new job. Accept the option [Yes] to proceed.

Fig. 4.1a Restart again Fig. 4.1b Accept the warning

Data Spread  Graphics  Stats  Te

GenStat X
Submit: Ling Chrl+L

Restarting the session will clear the Oukpuk and Input Log,
L] close all other windows and clear all data.
Do you wank restarty

Yes Mo

Submit File. .. Ckrl+B
Subrmit R Serip..,.
Subrit BUGS Script.. .

=

34

Restart Session k

Restart Server
Flush Server

Use Spread = New = Create and make a spreadsheet with 2 columns and 17 rows as
shown in Fig. 4.1d.

Fig. 4.1c Create a new sheet Fig. 4.1d Sheet with 17 rows and 2 columns

Sk Graphics  Stats  Tools  Window  Help ™ 5ize of New Spreadsheet

ﬁ Spreadsheet l

Data in Genstat, .

Eﬂ: & Rows: |17
ODBC Data Query.,
DDE Link... Fram Clipboard ~ From Ewcel  ODBC Guen Calumnz: |2

Excel Import Wizarc

i

Stored ODEC DDE Server Wectar

Retrieval Link [ Set as Active Sheet
manm] B
1z
Scalar Table b atriv Create in Book
-
3 e - | Mews Book

]9 | Cancel |

Enter the data and name the two columns as shown in Fig. 4.1e: (See page 7 for instructions
on naming columns, if necessary.) Save the data giving the file the name cmtut5.gsh. Click
outside the spreadsheet to transfer the data to the GenStat server. This gives some summary
statistics for each of the two columns.
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= Choose Stats = Summary Statistics = Summarize Contents of Variates and specify
some summary statistics as described in Section 2.3.1.

Fig. 4.1e Regression data Fig. 4.1f Produce some descriptive statistics

L = EE

Row | conc |wptake Surnrary Skakiskics
Skatistical Tests

! 75| T Diskributions
= 100] 065 Regression Analysis
3 100  0.50 Design
4  100] 040 Analysis of Yariance
5[ 1200 1.00 Mized Maodels (REML)
6 130 0.95 Multivariate Analysis
7 130 1.30
8 160 1.80
9 160 1.80

10 160  2.10

11 190 2.80

1z 200  2.50

13 2000 2.90

14| 200 245

15 2000  3.05

16 240|  4.30

17 250  4.50|,

2w 4 3

Tools  indow  Help

L . . A A T

Surnmarize Contents of Yariates. ..

ummatrize Circular Data. .,
Diversity. ..

Tally...
Frequency Tables, ..
Surnmaries of Groups (Tabulation)., .

Correlations...

= Choose Graphics = 2D Scatter plot... and complete the dialogue as shown in Fig. 4.1g to

give the scatterplot.

Fig. 4.1g Graphics = 2D scatter plot

Fig. 4.1h Results

2D Scatter Plot - Data

Type of plat; |Single = j

Select the data to be plotted [ar enter name and pi
Select v Select =

uptake - | [cond) -

D ata currently zelected for plotting
Y Data:; # Data:

uptake

75

100 125 150 175 200 225 250
conc

L
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4.2 Correlation and regression

= Choose Stats = Summary Statistics = Correlations and complete the dialogue as shown
in Fig. 4.2a to give the correlation between uptake and conc. You should find a value of 0.984.

Fig. 4.2a Stats = Summary = Correlations

™ Correlations ['._||E|rg|
Awailable D ata: Drata:
COonc cone J
uptake
|
“WWieights: |
Digplay
[v Corelations [ Partial Comrelations
[ Test corelations against 0
-
-
+
Fiun | D efaultz |
IEI X Cancel | |

= Choose Stats = Regression Analysis = Linear models, Fig. 4.2b, and complete the
dialogue as shown in Fig. 4.2c.

Fig. 4.2b Regression dialogue Fig. 4.2c Specify the x and y
Tools  window  Help

LM Graphics Stats Tools  Window Help

Summary Skatistics L3 - o ™
o q. HeED Y M
Diskributions , Datain Genstat, ..
Regression Analysis L4 W
Design ¥ Generalized Lineai¥iodels... 1 QDEC Data Query...
Analysis aof Yariance 3 Logistic Reqressian, .. DDE Link...
Mixed Models (REMLY 4 Log-linear Models. .. Excel Import Wizard. .,
Multivariate Analysis 4 Probit Analysis. ..
Six Sigma » Multinomial Regression, ..
Survey Analysis 3 Ordinal Regression. .
Time Series 4 All-subsets Regression 4
Spatial Analysis 4 Screening Tesks 4
Survival Analysis » Split-line Regression. ..
Repeated Measurements  #

. Skandard Curves...
Meka Analysis 4 )
Micraarrays , Monlinear Models. ..
Sample Size ' Mixed Models b

Regression Trees...

The results are in the output window and are given in full in the regression section of this guide. They
show the fitted equation is:

uptake =-2.043 + 0.02494 * conc

= Return to the regression dialogue to give a plot of the fitted line. Click on [Further Output]
then [Fitted Model], to give the plot shown in Fig. 4.2e.
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Fig. 4.2d _Further output sub-dialogue

Linear Regression Further Output

Dizplay
[ Model
[ Summary
=

[ Correlations

Graphics
todel Checking...

Fig. 4.2e Fitted model

3
I Estimates

=

[~ Fitted Walues

[ Accumulated

I wald Tests

Fitted Madel |

Power Calculations... |

Permutation Test... |

R

Run Cancel |

uptake

75

100 125 150 175 200

= Repeat the steps to get the [Further Output] dialogue again and select [Model Checking].
Accept all the defaults by pressing [OK]. In the Graphics Window, 4 plots will be shown as in
Fig. 4.2f.
Fig. 4.2f Model checking
uptake uptake
w154 .
g Es
= 1.0 4 Lo :
@ 054
E and| — b3 xx o
N -
N 05
B 404 :
] . *
2 s
8
o 2.0 i
T T T T T
-2 -1 a 1 2 0 1 2 3 4
Standardized residuals Fitted values
uptake uptake
B 154 . 8 -
o x o 2.00 .
3 0 o5 3 175+ )
x
3 = i :
N .05 . N 1.00
=l T o0 x
g 107 “ & X% X
B s B os0q .
% and = g 0254 ..
- T T T T T T T 000 T T T T T T T T
-1.5-1.0-0500 05 1.0 15 0.000.250.500.751.001.251.501.752.00
Normal plot Half-Normal plot

This example should have shown it is easy to “do statistics” once you have become familiar with the
use of dialogues in GenStat. This allows training courses to concentrate on statistical concepts. The

computing has become easy.

4.3 A GenStat tutorial

GenStat includes its own tutorials as part of the software. Use Help = Tutorial and try the one

called Linear Regression. If you find it helpful then try some of the other tutorials.
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5. Review of Chapters 2-4

Here we review some of the tasks you have undertaken in the tutorial. Could you?

Task Hint
1 Open a set of data you entered into Excel, for example the | See page 12
file cmtut1.xls?
2 Enter a new set of data that has 3 columns and 6 rows? See page 6
3 Save the data in a GenStat spreadsheet to a disc? See page 9
4 Import a named range from an Excel worksheet. See page 12
5 Derive a new column containing the square of the values | See page 18
in an existing column?
6 Find the names and lengths of all the columns of data. See page 24
7 Summarise data in two columns by giving a boxplot? See page 28
8 Explain why a boxplot is often a useful summary of a set | See plot on page 30, look in a

of data and also to compare different sets?

statistics book, or ask
someone.’

9 Give a line plot? See dialogue on page 15 You
did not do a line plot but it is
another option on the graphics
menu.

10 Summarise a column of data? See page 14 and page 22

® This tutorial is to teach GenStat, rather than statistics.
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Task Hint
11 Explain the use of the Input Log Window? See page 26
12 Explain how GenStat “works”? See page 26
13 Explain what is meant by a factor column using the | See page 20
example in the third spreadsheet on page 32
14 Make an existing column into a factor column? See the pop-up menu on page
20
15 Organise the Windows to show just the spreadsheet | See page 8
and output windows horizontally.
16 Leave GenStat? If not, then keep practicing!
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6.

40

Challenge 1 — Easy use of GenStat

Open the file called cmtut1.gsh again. Mark the columns giving the rain days, the total,
and the type of year, in that order. Now right-click on the mouse to give the popup menu
shown in Fig. 6.1a.

Fig. 6.1a Quick analysis

i Spreadsheet [emtut1.gsh]* E@@

l | (] ! N 11-1 FY
2 13.0
3 12.3
4 10.4
Delete, ..
g 10.2
s s ™ 12.5
Rename...
7 [j O Converk, .. 94
g ] E Convert ko Yariate 13.4
a 1 0 10.2
Converk bo Text
10 1008 Fiker , 10.7
11 1kl O Protect Calumn 10.0
Sork...
Facktor 4
Analysis »

e s,
2D Line Plak

Column Attributes. .
clHmn ATErBUEES 30 Seatter Plat

Properties... ]
) Histogran
Set as Ackive Sheet
M Sheet Boxplak
oVE STEE. - Bar Chart
Toggle Bookmark, Scatker Plok Makrix
Bookmark Mote. . Image Plok

When you use the menu to give a 2D scatter plot you will probably get the dialogue for
the 2D scatter plot, so all you have to do is to press Finish.

Try more of the Analysis and Graph options on the Quick analysis menu in Fig. 6.1a.
For example what do you get with the same column still marked if you use Analysis =
Tally?
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7. Before starting the analysis

In this chapter we look first at the way the data are set-up for the analysis. In most
studies the time-consuming tasks are primarily concerned with data manipulation, rather
than analysis. Hence we describe the facilities for manipulation in this chapter.

We will use a simple example of monthly data, but the concepts apply equally to daily
records, synoptic data, upper air, and so on.

7.1 Examining the data

In this chapter we mainly use an example of monthly data. They are the monthly rainfall totals for 33
years, from 1950 to 1983 (omitting 1956 and 1957) at Galle, in Sri Lanka. We assume that the initial
calculations to produce these monthly summaries were done elsewhere. In Chapter 9, we show that
GenStat can be used to produce these summaries.

Use File = Open and open the file called genrain.xls. Part of the data is shown in Fig. 7.1a.

Fig. 7.1a Monthly rainfall data (with bookmarks)

preann == HE d = L]

Year Jar Feh | March | April | May June Julsr FIRELS +
1950 91.7] 41.9) 100.3] 260.4| 198.6] 111 200.9] 208.8(|«]
1951H 197.8| 216.7| 3503 370.3] 3708 207] 734
1952 181.9| 182.6] 118.1] 176] 299 1504 34| 772
1953 88.1] 198.4] 188.5] 287.5|[0MI8| 146.6|[0ARM| 635
1954] 227.8] 100.7] 169.2| 248.7] 575.3] 121.2] 93.7] 1305
1955| 141.5|J08I| 170.9 160.3] 259.3| 319.8] 210.6] 442
1958] 68.3) 161.3] 149.1| 217.9] 349.3] 236.5] 775 1608
1959 663 126.2] 48[ 348.5] 326.6[GHM| 145.8] 2819
1960 103.1] 17070 11| 176.5]  115] 3805] 1318
1961 91.4| 643 120 316| 4221 89.7] 205.7] 2913
11] 1962 120.7] 119 97.5] 2139 361.7] 131.8] 1702

12| 1963 167.1] 118.3] 31.5] 194.8] 477.3] 1935] 3797 249.1E
13| 1964 12| 96.3| 161.5] 117.8] 237] 155.9) 466.1] 1016
14| 1965 20.6] 74.2| 46.7| 2206| 4334 s9.9] 74.9] 2803
15| 1966| 74.9] 953 256.8] 49| 155.7 85.8] 165.6
18] 1967 89.4] 81| 112] 1549 174.2| 292.4] 2527

[

IR

fon]
=]
=]

W || [ e |

=
=

»

Climatologists emphasise the importance of data scrutiny and the data above are in colour for the
maximum and minimum value each month. We see, for example, that there were 47 mm in the driest
May, and 590 mm in the wettest. To produce bookmarks, such as those shown above, use Edit =
Bookmark = By Value. Then select all the months and use the option, shown in Fig. 7.1c, to mark
the minimum and maximum. A variety of other criteria are also possible.
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Fig. 7.1b Bookmarks dialogues Fig. 7.1c Add bookmarks
el Yiew Run Data Spread Graphics Stats  Tools  Window  Hell L
: ; :j P F Search columns and set Bookmarks rX|
i Resize Win, Chrl+Z —_—
e s ' #R I mm Select Columns to Search:
Bl 2 8 2 & # | Bookmark Values that are
Cut Chrl+x
il i —
Copy ChreC | Etremes [min.max] ﬂ
Paste Chrl+y E xtremnes [mir,max]
Paste Special... Chrl+Shift+y Less than [<] issing
Copy Special 3 Equalto [==]
Column N Greater than (2] Eerizal
Less than/egual [<=]
—  |Mot equal to (<>
pete curoel Greatgr than}e Lal [2=] bt FmeiE
Select Al Chrl+a |
v
Find... ChHF — Help Clear All Bookmarks |
Find Mext Chrl+T
Replace. .. Chrl+R
GoTo... Chrl+G
Go Back Shift+F5
Bookmark Toggle Alt+a
Change T AlE+B
ANge Lase. - e Previous AlE+Shift+5
Delete Current Row  Crl+Shift+D Clear all
Repeat Current Row  Ckrl4-Shift+R Display... Alk+Shift-+8
Add Mote. .. Ctrl+Shift+a
Display Mote.., Ctri+Shift+B

Delete Mote Ale+shift+Dr

Sometimes it is useful to reorganise the data into a single long column. This can be done using
Spread = Manipulate = Stack. Complete the dialogue as shown in Fig. 7.1e. You wish to stack
12 columns, i.e. all months. Mark the 12 columns in the ‘Available Data’ field, i.e. everything except
the Year and move them into the ‘Stack Columns’ field. Do the same with the ‘Year’, but move it
into the ‘Repeat Column’ field. Say you want the resulting factor column to be called ‘Month’ and
that you want to use the names from the columns to label the month factor. Finally rename the
stacked column to be ‘Rain’.

Fig. 7.1d Stacking data Fig. 7.1e Stacking 12 columns
Sl=E M Graphics  Stats  Tools  Window  Help

Stack Columns in Sheet: genrain.gsh

Tew 3
Mumber of Columns to stack together: 12
Column 4 Record column source in Factor: Manth
Factor 4 .
Avallable Data: Stack Columns: Repeat Columns:
Calculate ]
Delete b <Empty Cells> 1. Jan Year
1. Feb
Insert » Jan * 1: March
Select » Feb 1: &pril
. . March 1: May
RestrictfFilker 3 A < |11 dune
Sart... Cerl+F9 E'Iay 1: iuly
aninilabe une - aug Stacked Colurnn Marnes:
Manipulate » Append, .. July 1: Sept [Drouble click to edit)
Sheet 4 Cornvert.., Aug 1: Oct e
Book 3 Cuplicate Sent 1:Nov Fian
R Oct 1. Dec
Add » M
Export [ Stack... Dec
Update ] nstack. .. [w Create Unique Colurmn names
Set as Active Sheet Transpose ¥ Use names fram First stacked column for Factar Labels
Splitf3ubset. .. Add ta Book [ Stack Calumn Order interleaved
Randomize Raows. .. Mew Book j [~ Set 3 Active Sheet
Expand...
Ok | Cancel | Clear | Help |

The resulting spreadsheet, Fig. 7.1f, is the new ‘shape’, but is not quite as we would like. We first
move the year column to be the first in the new spreadsheet. This is simply done by positioning the
cursor so it becomes a hand, as shown in Fig. 7.1f. Then the mouse can be used to slide the column
as you wish. An alternative is to use Spread = Column = Reorder. Following this step, either
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right-click to give the pop-up menu or use Spread = Sort, or <Ctrl> <F9> and sort on the year
column. This gives the data, in time-series order, as shown in Fig 7.19.

Fig. 7.1f Moving

preadshee L]
Row |Bonth Tee[Thl |Rain +
1|Jan 1]Var|:ate: YeaLl
2|Jan 1]Min 1950 I:ﬂean it
3|Jan 1952| 181.9
4|Jan 1953| 88.1
5|Jan 1954 227.8
&|Jan 1955 141.5
7|Jan 1958| 68.3
g|Jan 1959 66.3
glJan 1960 103.1
10|Jan 1961 914
11|Jan 1962 120.7
1z|Jan 1963| 167.1
13|Jan 1964 112
14|Jan 1965 20.6
15|Jan 1966 74.9
1a|Jan 1967 894
17|Jan 1968 78.2
1&|Jan 1969 58.9
19|Jan 1970| 100.6{ .
? [l 4 [»

Fig. 7.1g Sorting

pread L]

Row | Year 1 !Month Rain ||+
il [EE)van 91.7]~
z 1950 |Feb 1.9
] 1950|March | 100.3
4 1950 | April | 260.4
5 1950|May | 198.6
[ 1950 | June 111
7 1950 | July | 200.9
g 1950|Aug | 208.8
9 1950|Sept | 266.9

10 1950|Oct 541.8
11 1950|Nov | 3439
1z 1950|Dec | 189.7
13 1951|Jan 355.1
14 1951|Feb 197.8
15 1951 |March | 216.7
16 1951 |April | 350.3
17 1951|May | 370.3
18 1951 |June | 370.6
19 1951 |July 207
? | 4 [»

We now continue our examination of the data. Use Graphics = Boxplot to give the dialogue shown
in Fig. 7.1h. At the top of this dialogue we see the question ‘How are the data organized?’ The first
alternative, called ‘List of variates’ corresponds to the way we had the data originally, while the
second corresponds to the single long column we have just produced.

Fig. 7.1h Graphics = Boxplot

Boxplot - Data E|

How are the data organized?

" List of varates * Single vanate with groups

Select a single data zet to be plotted [or enter name and press retumn)

Select Data:

|F|ain
Moy A
Oct
Sept b

Data currently selected for plotting

Data: Groups:

Rain |M0nth j
Labels:

i | x| @] cancel |

| Newt > | Finish |

Fig. 7.1i Schematic boxplots
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Complete the dialogue as shown in Fig. 7.1h and click ‘Finish’. The results are given in Fig. 7.1i. If
you do not get the same type of picture, then return to the dialogue, click ‘Next’ and then use the
option for a ‘Schematic’, rather than a ‘Box and Whisker’ plot.

The main features of the resulting graphs are that there is rain throughout the year, but
The data are

the main seasons, in April/May and October/November are clear.

reasonably symmetrical, but there are 9 values that are marked separately as being out
of the ordinary. For example the 712 mm in July 1953 is particularly high, given that
most of the years have less than a third of this value.
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A rugplot is an alternative to the boxplot. This is shown in Fig. 7.1j and also gives the same options
for the layout of the data. The resulting plot is in Fig. 7.1k.

Fig. 7.1] Graphics = Rugplot Fig. 7.1k Resulting graph
Rug Plot - Data E|
How are the data arganized? _ _

™ List of vanates {* Single varate with groups

Select a single data zet to be plotted [or enter name and prezs retumn) 600 - - -~
Select Data: - =
|F|ain B _ E
Oct A = = T z

400
Sept 'L _ _

“ear b

[ata currently selected for plotting

Data: Groups: 200 -
R ain 4 arith -

Labelz: E

- o
EJE Cancel | | Mext > | Finish |

Jan Feb MWarctpril May Juns July Aug Sept Oct Nov Dec

These graphs are called ‘exploratory’, because they are intended to support the scientist in examining
the data. The alternative is presentation graphics, intended for readers of reports.

7.2 Repeated measures

In the next two sections we compare the two alternative layouts of the data that were
mentioned above. The first we call ‘repeated measure’ and the second ‘time series’ for
reasons that we explain below.

The two layouts of the monthly data, used in Section 7.1, are shown in Figs. 7.2a and 7.2b.

Fig. 7.2a Repeated measures layout Fig. 7.2b_Time series:layout
preadsheet [genrain.g - preadshee O
Row | Year | Jan Feb | March | April + Fow | ¥Year 1 |#onth | pain ||+
1 1950] 91.7] 41.9] 100.3] 260.4]~] | mEfsan [ 917+
2 1951H 197.8] 216.7| 350.3 z| 1950|Feb | 419
3| 1952 1819 1826 118.1] 176 3| 1950|March | 100.3
a| 1953 88.1] 198.4] 188.5] 287.5] a|l  1950|April |260.4
s| 1954 227.8] 100.7] 169.2] 248.7 s|  1950|May | 1986
6| 1955 1415|0000 170.9] 160.3]] 6|  1950[June | 111
7| 1958] 68.3) 161.3] 129.1] 217.9 7| 1950[July | 2009
s| 1950 66.3) 126.2] 48] 3485 8| 1950Aug |208.3
a| 1960] 103.1] 170.7 [N 111 a|  1950|Sept |266.9
10| 1961] 914 643] 1204 316 10] 1950]0ct  [5418
11| 1962] 1207] 11.9] 975] 2139 11| 1950[Nov [ 3439
12| 1963] 167.1] 118.3] 31.5] 194.8 12| 1950]Dec | 189.7
13| 1964]  112] 96.3] 1615 117.8[] 13| 1951)Jan [ 355

7] 4] | > 2L C

To relate to statistics books and other areas of application, we consider the general issues that can
guide the user on which layout might be appropriate for a given analysis. The first issue is the ‘unit’
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that is used. In the first layout, Fig. 7.2a, the ‘unit’ is a year, and we have made 12 measurements in
each year. These are sometimes called ‘repeated-measures’, because we are measuring the same
unit repeatedly in time.

Repeated measures occur in many areas of application of statistics. For example, in a health study,
we may weigh the same person on repeated occasions. In forestry, we measure the girth of a tree
each time. In a livestock study we measure milk yield repeatedly on each animal.

In the ‘time-series’ layout, shown in Fig. 7.2b, the ‘unit’ is a month, and we just have a single
measurement each month. This is the same layout as we would have if the data were a monthly
economic index, for which we wish to do a time-series analysis.

In climatology, both layouts are useful, depending on the objectives of the study. We now consider
the use of the ‘repeated measure’ layout in more detail. Having the year as the unit, is also useful if
we interpret the value for a given month as one ‘index’ of the year. Then we have a total of 12
indices and more can be calculated and then analysed.

As examples, we calculate the seasonal and annual totals from the data. An example of the calculate
dialogue is in Fig. 7.2c and the results are in Fig. 7.2d. We have here defined Winter to be the three
month period from January to March, and so on.

Fig. 7.2c_Spread = Calculate = Column Fig. 7.2d Quarterly and annual values
preadsheet [genrain.g m

|.Jan+Fe|:u+March Fow | Year | Tinter [ 3pring | Summer | Autumnn | Annuaal +

_ 1| 1950 233.9] 570 676.6| 1075.4| 2555.9(<]
fvalable Data fug A 2| 1951) 769.6] 10912 6083 3843] 28534
WV Vaiates Feb 3| 1952| 482.6] 625.4| 266.6] 802.9) 21775
[ Factors :I'E'I” a| 1953]  475] 4813 8808 ssa7| 27218

[ Texts e s| 1954 506.7] 945.2] 3933 7415 2586.7[—
| Scalars i 6| 1955 669.5) 739.4| s604| 7707 2740
[ Matrices Nnﬂ » 7| 1958 378.7| 803.7| 4344| 7233| 234041
[ Tables g| 1959 240.5) 11425 7485 728| 2859.5
ol 1960 298.2] 402.5| 6522 3808 17337

Save Result In: MWinter

1961 2758 827.8| 8744 744.2) 27222

=
=

[V Display In Spreadsheet: | [genain gshlgerrain 11| 1962| 230.1] 707.4| 670.1] 6205 2228.1
12| 1963 316.9 865.6( 1238.9) 1448.8( 3870.2| .
1 K 2[4 | »

This layout also makes it easy to give simple time-series graphs, as shown in Fig. 7.2f. We will see,
in the regression chapter, Chapter 11, that it is equally easy to fit a trend line to the data.
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Fig. 7.2e Graphics = Line plot Fig. 7.2f Time-series graph

D Line Plot - Data

Type of plat: |Single = ﬂ

3500 |
Select the data to be plotted [or enter name and ¢

Select v

Anral -

3000

Data currently zelected for plotting
Y Data: ¥ Data:

Annual

2500 +

2000 4

1500
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E b ance
JJ EJ Year

Sometimes care must be taken, because of the circular nature of the data. In this example the year
goes round in a circle, while for synoptic data the day may be the circle. For example when
calculating the seasonal summary, how would you calculate the winter rainfall, if November to
February is defined as the winter season? In terms of the calculations in Fig. 7.2g, it is not quite

Winter = Jan + Feb + Nov + Dec

This is because you usually need the January and February values that follow December, while this
calculation will give you the preceding ones.

Fig. 7.2g Using the SHIFT function Fig. 7.2h _Sub-dialogue for the functions
™ calculate Calculate Functions | E
|5H|FT[J an+Feb:-1)+Mow+Dec Available Data: Function Class: |Transf0rmations j
Available D ata Aug Y Functior: |Shifl values -
- Autumni
d Vet | fsen
[ Factors Feb gine b o
we | o] Smoathing spling
[ Tents jj[:. J Sort values
[ Scalars Jure 2 ||[ 4 ?gﬁale {Dot -
. March g
[ Matices May w ﬂﬂﬂﬂ eor isnt
[ Tables
S |Jan+Feb
Save Result I 'Winter2 Mumber of places to shift: |-1
v Display In Spreadsheet: | [genrain. gsh]genrain ﬂ Ok | Cancel ‘
B o« X Run |

The calculation is not difficult, once the complication is recognised, because GenStat, like Excel, has
a wide variety of functions that can be used in calculations. In the Spread = Calculation = Column
dialogue, in Fig. 7.2g, you either have to know that the ‘Shift' function exists, or click on the
‘Functions’ button, and use the sub-dialogue given in Fig. 7.2h.

In Fig. 7.2g we have given the calculation as
Winter2 = shift(Jan+Feb;-1) + Nov + Dec

It could equally be given as
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The full "program" is in Fig. 16.3a. Do not type it yet. We will produce it in stages.

Fig. 16.3a A simple program in GenStat

B C:\GenStat\Climatic Guide ¥ersion 11\VGenClimDatal\cmprogl.gen..g... E|[E|E|

Job
read new
Z2.5 2.1 2.4 2.2 2 2.6 2.2

read standard
Z2.2 1.9 1.8 2.1
Z.1 1.7 2.3 2.0
1.7 2.2

ttest new; standard
append [newvector=all ; group=type] new , standard
TTEZT [GROUPZ = twype; ciprob = 0.95 ] all

Before starting, press
open a new input window. This is where you will type the commands.

Type the first three lines, as shown in Fig. 16.3b.

Fig. 16.3b First commands to type

to clear the Output Window. Then use File = New = Text window to

Fig. 16.3c_Second group to add

S[(=/3

B Input Window;1*

job
read new
2.5 2.1 2.4 2.2 2 2.6 2.2

Do not forget to type the colon (:) on the last line. Then press
submit these commands to GenStat.
commands again.

or use Run = Submit Window to
If this gave any errors, then correct them and run the

Now add the second group, as shown in Fig. 16.3c.

pressing

Run the whole set of commands so far, by

. This clears the output Window before running the commands, so you can see the

results clearly. Correct any errors if you made them.

Of course GenStat can only detect errors in the "syntax". So, if you typed RAED instead
of READ, then it will be an error. It cannot detect if a number was typed incorrectly. This
must be checked against the original data. GenStat does try to help by printing summary
values in the Output Window.

175



16 — Moving from menus to commands Analysing climatic data using GenStat for Windows

You have probably typed at least one value in error, because we have given 2.9 to type above, for the
8" value in the second group, when it should have been 2.0. Correct this mistake and run again. It
remains to type the last two lines of the "program". Type just the first of these lines, i.e.

append [newvector=all ; group=type] new , standard

With the cursor still on the line, use Run = Submit line. Correct if there were mistakes. Notice that
this is a command that does not produce results in the output window. It will tell you, however, if you
have made a mistake.

Instead of typing the last line directly we will practice using GenStat's dialogue to give the structure.
Use Stats = Statistical Tests = One and two-sample t-tests. Complete the dialogue as shown
and click on Run.

Fig. 16.3d Using a dialoqgue to generate the commands

Awallable D ata: Test:
Two-zample [unpaired) j
Data Set; |a||
Groups: |t_l,l|:ue
Confidence Limit [%): k5
D ata Arrangement Type of Test
" Twio Sets (" One-zided w1 < y2)
* One zet with Groups " One-=sided [v1 > y2)
* Two-sided
Run | Options... |
il > Cancel | Defaults |

Now go to the input log. The last line is shown in Fig. 16.3e.

Fig. 16.3e_ Command generated by t-test dialoque

TTEST [PRINT=summary,test,confidence,variance; METHOD=twosided;\
GROUPS=type; CIPROB=0.95; VMETHOD=automatic; NTIMES=4999; SEED=0] Yi1=all

As already mentioned, using the GenStat menus generates much longer commands in the Input
Window than is usually needed. Copy this line into your input window. Edit it so it reads

TTEST [GROUPS = type; ciprob = 0.95 ] all

With the cursor still on the line, use Run = Submit line. Correct if there were mistakes. Save the
program file. Call it cmprogl.gen.

Previously we saved files with the extension .gsh because they were in GenStat's spreadsheet
format. Here we use the extension .gen because they contain GenStat commands. You should now
have a "program" where each section has been tested.

It is time to test the whole program. Restart GenStat using Run = Restart Session.

Then load the file called cmprogl.gen and run the whole program by selecting Run = Submit
Window

It now just remains to see how GenStat responds when you make mistakes. If you have already
made, and corrected many mistakes, that is fine. Otherwise now is the time to make some. These can
be spelling mistakes, or grammatical errors, like swapping a comma and a semi-colon.
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Make just one mistake at a time, because GenStat does not always behave sensibly after the first
mistake.

To conclude this section we review the concepts that have been introduced.

You prepared the program in a special input window. You can also type commands into
the output window, for example the input log. But this confuses the function of these
windows and we suggest that you normally use a special input window, as here.

The program was prepared and tested in small parts. We think that this is a useful
routine. Even if you write, or are given, a long program, unless it works first time, split it
into small sections, to check that each part runs successfully, before running the whole
program. GenStat has the facilities to encourage this, with its Run = Submit Selection
menu. If there are mistakes in one section, then do not proceed to the next section until
they are corrected. GenStat often ignores further commands after a mistake has been
detected.

The program began with the JOB command. This is the equivalent of the Data = Clear
All Data menu option and ensures that a complete run of the program starts without
columns in GenStat's memory.

16.4 The syntax of GenStat's commands

All GenStat's commands, also called statements, have the same "syntax". That is, they
obey the same grammatical rules. In this section we explain these rules. This
explanation should enable you to read any GenStat program and also to make full use of
GenStat's Help facilities.

It is important for everyone to realize that you need to understand the “grammar” of a
language, if you are to use the language effectively. This applies to ordinary languages,
like English or Swahili and also to computer languages. One difference is that people
are forgiving of those who make mistakes when starting to use the language, but the
computer is not. So any error, such as a comma, where a semi-colon was expected, will
not work.

Those who are “skimming” can proceed to Chapter 16.5.

We begin with some familiar examples of GenStat's commands

TTEST [ciprob = 0.95] new; standard
TTEST [groups = type; ciprob = 0.95] data
PRINT structures = block, treat, yield; dec = 0, 0, 2

There are three components to explain: the name, the options and the parameters.
1. The name of the command.

In the examples above, these are TTEST and PRINT and they tell GenStat what sort of action is
required. These names can be given in capital or lower case letters.

2. The option list associated with a command.

This is in square brackets; for example, the first TTEST command includes one option, namely
[ciprob = 0.95]. The second TTEST example includes two options, namely [groups =
type; ciprob = 0.95]. If there are no options then you can omit the square brackets
completely.
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3. The parameter list associated with a command.

For example, the PRINT command

PRINT structures = block, treat, yield; dec = 0, 0, 2

above has 2 parameters, the first specifies the structures upon which operations are to be
performed, i.e. what to print. The second parameter gives information for each structure, i.e.
how many decimals to use for each column printed. We will see below that this command can
be given in a simpler form as

PRINT block, treat, yield; dec = 0, 0, 2

(Note that the word PRINT shows that GenStat started in the era when all results were
automatically sent to a printer. Now a better name for the command would be DISPLAY,
because the results are normally displayed in the output window.)

It is important to know when to use a comma and a semi-colon in a command. When any option or
parameter has more than one item, a comma separates the items in the list. So, in the PRINT
command above, where we refer to 3 columns, the command is given as:

PRINT block, treat, yield i.e.
PRINT block [comma] treat [comma] yield

When a command (or directive) includes more than one option or more than one parameter, then a
semi-colon is used to separate them. For example:

PRINT structures = block, treat, yield; dec = 0, 0, 2 ie.

PRINT structures = block, treat, yield [semi-colon]dec = 0, 0, 2

normally shortened to

PRINT block, treat, yield; dec = 0, 0, 2

Each command or procedure has a list of allowed option and parameter names. You can see what
they are by looking at the Help associated with the command, see Fig. 16.1i for the HEATUNITS
procedure. There are various ways to get Help and here we look for the help on DESCRIBE. One
method is as follows. Type DESCRIBE at the beginning of a line in any window. Then press the [F1]
key. This should take you straight to the Help on DESCRIBE. An alternative is : Help = Reference
Manual = Procedure Library. A PDF will open in a new window. Details of the DESCRIBE
procedure can be found on page 250. Alternatively, go to the corresponding dialogue, which is Stats

4
= Summary Statistics = Summarise Contents of Variates. Click on the (Help) button.

From the Help for DESCRIBE you will see that it has 3 possible options, namely PRINT, SELECTION
and GROUPS and it also has two possible parameters, namely DATA and SUMMARIES.

The DESCRIBE command was used (from the menus) in the introductory tutorial, see Section 2.3.1.
If you use the default selections, as shown in Fig. 16.4a...

Fig. 16.4a Describe dialogue with default output
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"™ Summarize Contents of Variates

Available D ata: Wanates: By Groups:

all tatal |

meanperday raindays

.

ztandard

total

year

Options

[ Mo. of Yalues v Mirirnumm [ Range [max-min]
[v Mo of Noremissing Yalues W Maimum [ Lower Quartile
v Mo. of Missing Yalues [ “ariance v Upper Quartile
[¥ Aithretic Mean [ Standard Deviation [ Sum of Values
' Median More statistics. ..
Graphics

[ Histogram [ Bowsplat [ Stem and Leaf
[ Mormal Plat

ﬁ ﬂ ﬁ Run | Cancel Defaults

...it is equivalent to typing the command:

| DESCRIBE data = total, raindays

If you specify a selection of descriptive statistics, then it might result in the command.

DESCRIBE [selection = mean, median] total, raindays

Now we describe how to give options or parameters. The general rules apply consistently to any
option or any parameter for any command. The normal format is name = list of things, for example
with the DESCRIBE command we used data = total, raindays. There is also selection = mean,
median. We use selection = mean, median to explain the structure further.

The name, i.e. selection, is one of the permitted option words - see the Help for DESCRIBE. It can
be written in upper or lower case and can be abbreviated as long as it is unambiguous. So it could be
written as sel = orevens =

After the = sign we give the list of summary statistics that are recognised by the command. For the
DESCRIBE command there are 22 possible summaries, of which mean and median are two. These
words can again be shortened, as long as GenStat can work out what they are. So sel = mea, med is
acceptable. If you give a word that GenStat does not recognise, then an error is generated. For
example DESCRIBE [sel = mean, standev] cluster, fruit would be an error, because the GenStat
word for the standard deviation is sd, not standev.

Now look at the parameter for the DESCRIBE command, i.e. DESCRIBE data = cluster, fruit. The
name of the parameter, data can be abbreviated, and as it is the first parameter that is permitted for
this command, it can even be omitted completely. So the command could be given simply as

DESCRIBE total, raindays

For the data parameter, the permissible list for data is the set of columns that are available. These
names cannot be abbreviated.

In giving commands, extra spaces can be inserted to help make a command readable. If
you need to use more than one line for the same command, then use the continuation
character \ at the end of each line to be continued.

For example type and run the commands shown in Fig. 16.4b.
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Fig. 16.4b Commands to input and display a matrix

B Input Window;6*

MATRIX [rows = 3; col = 4; walues = 0, -1, 1, 0,4
1: 1: 1: _S:I"l
, 01 M

|
o
-
[y
-
[y

PRINT M

Finally we explain the difference between options and parameters. The first parameter is special.
Take the PRINT command below. The first parameter says what structures will be displayed. The
decimal parameter then says how many decimals will be displayed for each of the 3 columns. So the
decimals list of 0,0,2 is "in parallel” to the list of column names, i.e. block, treat, yield. For example

| PRINT block, treat, yield ; dec = 0,0,2,4,1,2,1,0

would not be sensible. GenStat would give a warning, and would then ignore all the decimal settings
after the third.

Options, on the other hand, always apply to the command as a whole.

|DESCRIBE [selection = mean, median] cluster, fruit

So the option to give the mean and median applies to both columns. If you wished to give the mean
for the first column and the median for the second, you would have to give the command twice, i.e.

DESCRIBE [sel=mean] cluster
DESCRIBE [sel=median] fruit

16.5 Examples of GenStat programs

You have already seen a simple “complete” program in Fig. 16.3a. In Chapter 16.5.1
and 16.5.2 we describe a more useful program. We calculate the dates of the start of
the rains, repeating the work we did in Section 9.5, where we had to use a whole
sequence of menus.

In Chapter 16.5.3 we generalize the commands by adding a “loop”. This will then
process the data for 4 different definitions of the start, in one go. This enables us to
automate repetitive analyses. For example we could similarly analyse the data for
different stations.

Putting commands together in this way could be called a “program”. We describe the
next stage in Chapter 16.5.4, and that is to turn the command into a “procedure”. You
have already seen procedures in this chapter when, in Fig. 16.1e you chose an example
to illustrate the DAYLENGTH procedure. Once a procedure has been written it can be
used just like any other command in GenStat. With a procedure, you add an extra word
that GenStat understands, and we explain why this is useful.

Finally, in Chapter 16.5.5 we demonstrate how to make procedures visual by creating
menus and dialogues for them. We provide two examples of a user procedure and show
how to create a custom dialogue for each one.

Those of you who are just “skimming” should still read 16.5.1. There we emphasise that

it is easy to use a program that someone else has written, and this is itself very powerful.
Then proceed to the next chapter.
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16.5.1 Using a program

In Fig. 16.5a we show a set of commands that we have written. There we open a data file containing
daily rainfall data, and calculate the date of the start of the rains, for the same definition that we used
in Chapter 9.5. This is the first occasion after 1% October that the 3-day rainfall total exceeds 20mm.

These commands have been saved in a file called start.gen. In other chapters we have saved data
files, such as the Zimbabwe data and given them names like zimdata.gsh. Here the file contains
commands, rather than data, so we use a different extension.

Fig. 16.5a Commands to calculate the dates of the start of the rains

B 5:\Genstat_resources\GenstatClimaticGuideldatasets\start.gen

"Comnands  to calculate the date of the start of the season
The definition used is the first ocoasion after lst Ootober
that the 3-day rainfall total exceeds Z0mm"

Joh
import 'zimdata.gsh'

cale rainsumi=FRain+shift (Rain;1l)+shift (Rain-2)

"This is the sawe as calculate rainsuw3=rtotal (Rain;2:01"

calc YearfromSept=year (Date)+ [(Month(Date) >3)

group [redefine=ves] Yearfrom3ept "this makes the column into a factor™

"This will change fromw 1951 to 1952 on 1st Zeptemwmber 1952, ete
Hence the analysis allows for stations when the start does not ocour
until the next calender ykar"

cale DayfromZept=ndayinyear (Date:9)
calc success=(ralinsumi=Z0) cand. (Dayfrom3ept>30)

restrict Date, Vearfromlept,rainsums ;success
"Then find the minimwn success date each year
— that is the starting date™
tabulate [class=Yearfrom3ept]Date;min=start
vtakhle startistartdate;: 'p(yr)
variate [modify=yes]startdate;drep=1
restrict Date, VearfrowSept, rainswund

cale startday=ndayinyear (startdate;9)
print vr,startdate,startday

describe startday

tally [graph=%cwmn] startday

fepread yr,startdate,startday

In order to run the commands, save the data file “zimdata.gsh” into the same directory that you are
using for your current GenStat work. Then use Run = Submit File as shown in Fig. 16.5b. This
opens the dialogue shown in Fig. 16.5c, into which you type your input file name.
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Fig. 16.5b Submitting the file

Data Spread Graphics  Skats  Tools
Submit Line Chrl4+L

Submit ko Current Line Chrl+3hifEHE
Submit: From Current Ling  Chrl+3hift+r

Subrmit YWindow Chrlw
Recycle Window Zkrl+3hif e+
Subrmik: File. .. Ckrl+B
Submit R Script...

Submit BUGS Script. ..

Submit Clipboard

Chrl+E

Restart Session
Restatt Server
Flush Server

Fig. 16.5¢c The Submit File dialogue

"™ Submit File

Batch Directary: |S:"~I3 enstat_rezourcesiGenstatClimaticG J

Input File: |start.gen J

Output File: | J
Options

COutput file farmat;
Pricrity:

T e m— |

| Plair test j

[v Dpen Dutput File on Completion

| Liow ﬂ

Yiew Command Line... |

& =/ x/g| z

Cancel |

Click on Run to execute the commands. One output is a graph, shown in Fig. 16.5d, which indicates,
for example, that the median starting date was after about 60 days. The year is assumed to start on
1% September, so this is the beginning of November. The season always started by the end of
November as 100% of start days occurred before day 90.

Fig. 16.5d Part of the results from the file of commands

108

Cumulative % for startday

VR

a0

7O o

G0

Cumulative %
EY

47 4

a0 J

20 o

B0

G Fo E0 ag
startday

This method of running a file of commands is particularly useful if you want to call GenStat from
another piece of software. You could then use GenStat for the analysis, and return to your software
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with the results. If you need further information then look at the help for GenBatch, for which the first
few lines are shown in Fig. 16.5e.

Fig. 16.5e Help information about using GenStat in batch mode

E? GenStat Help

= =
Showw Back Print  Optionz

.S
GenBatch Program
The GenBatch program is designed for running GenStat batch jobs, taking input from
a program file and generating output to a text file. It is similar in function to the Submit
File menu, but does not require the GenStat Windows interface to be running. Instead,
it is designed to be used from the command line in a DOS box (Command Prompt)
and is also suitable for invocation from other programs. See the notes below regarding
setting up your environment so that you can access GenBatch.
Command Line Parameters
In addition to the Windows-specific parameters described below, all the command line
parameters familiar to users of the DOS version of GenStat can be used with w

Here we are within GenStat, and so there are simpler ways of running the commands in Fig. 16.5a.
Use File = Open and open the file called start.gen. Then use the option Run = Submit Window to
process the data.

Once you have opened the file, you could change the commands if you wished. In this section we do
not assume that you will write this sort of program, or even understand every command. But still you
could probably change it. For example, the definition was the first occasion that 20mm was
exceeded. Could you find the line where this is specified, and change it to 15mm or 25mm, if that
were more appropriate?

Or the line that specifies the data file is as follows:
import "zimdata.gsh®
To analyse the data from another station, the name of the file is all that need be changed.

We claim that it is usually quite easy to follow roughly what a program is doing, and to change it
slightly. This is already a powerful skill.

This skill indicates how much the use of statistics packages has changed, with the Windows-style
interface. Earlier you had to learn how to write commands, before you could start analyzing your
data. Now we have reached Chapter 16, before we need to consider commands in any detail. And
you can still proceed, by learning how to read, and edit, before you learn to write.

Those who are skimming, can now proceed to the next Chapter.

16.5.2 Writing your own programs

We now assume that you would like to understand the program shown in Fig. 16.5a sufficiently that
you could then write some programs of your own. It is at this point that you may suddenly experience
some pain. This will remind you that GenStat used to have a reputation for being difficult to learn.

You can get some guidance from GenStat Help. Go to Help = Contents and Index and expand
GenStat Command Language. In particular, look at the topics under Commands by
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language, such as Input and output (as shown in Fig 16.5f), Data structures and Calculation
and manipulation.

Fig. 16.5f GenStat guide on the command language: Information on Input and Output

E? GenStat Help g@@

+ L e 2 B
Hide  Previouz  Mest Back | = Frint  Options
LContents l|ﬂdBH ] §earch] Favor_ites] i
2] Intraduction A InpUt and OUtPUt
[+ @ GenStat Windows Help
=@ G;jngifa;rsioezmand Lenpsage Data can be read into GenStat data structures using the READ directive or the
= FILEREAD procedure:
[E] Syntax
% Eigsosf;yommands READ reads data from an input file, an
El Commands only in GenStat for Win unformatted file or a text :
5] List of directives EILEREAD reads data from a file, assumed to be in
5] List of procedures a rectangular array
=] Authars of procedures : ; : 5
(=] List of functions for expressions Files can be connected to input, output or other chan_nels_ during execution of a
(=] List of functions for formulae GenStat program. Channels can also be closed, terminating the connection, so
=] Release 11: rew features that they can be attached to other files.
=] Release 10: new features
=] Release 3: new features OFPEH opens files and connects them to
5] Rielease 5 new features GenStat inputfoutput channels
=] Graphics colour table CLOSE closes files, freging the channels to
[Z] GenStat fauls which they were attached
a GenStat copyright
=] GenStat citation The channel fram which input statements are taken can be changed, as can the
= (] Commands by area channel to which output is sent. It is also possible to send a transcript (or copy)
[£] Data structures of input and/or output to output files, to skip sections of input or output files, and
[£] Pragram cantral to obtain information about the files connected to each channel.
Input and output
2] Caloulations and manipulation IHPUT specifies the channel from which
[£] Graphics subsequent statements should be read
[£] Basic statistics RETUEN returns to the previous input channel
2] Exact tests - QUTEUT specifies the channel to which future
< =F » output should be sent
COPY renests a transcrint of subseouent ¥

It is usually the organization of the data and results that is more difficult than the analyses, and there
are already plenty of examples on different analyses. You may also find further information on the
GenStat web site, which is at http://www.vsni.co.uk/software/GenStat/.

There is a payoff. The pain is not just to make you suffer, but is related to the power of the system.
We look briefly at some examples from the program in Fig. 16.5a, and we start by avoiding the pain.
The last 5 lines are as follows:

CALC startday=ndayinyear(startdate;9)
PRINT yr, startdate, startday
DESCRIBE startday

TALLY [graph=%cum] startday

FSPREAD yr, startdate, startday

These lines are fairly self-explanatory, except perhaps the last. This is to transfer these data from the
GenStat server into a new spreadsheet. It is the command equivalent of Spread = New = Data in
GenStat. For more information on any of the other lines, you could either go straight to the Help
system, for example just type the command and press F1, or look for the equivalent dialogue.

Before that we had the 2 lines:

CALC success=(rainsum3>20) .and. (DayfromSept>30)
RESTRICT Date, YearfromSept, rainsum3; success
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The first is a ‘logical’ calculation, which returns the value 1, for true, or O for false. Then we used the
command equivalent of the Spread = Restrict/Filter dialogue to look at just the days when planting
was possible.

So where is the pain? Well what is the point of the group command in the following two lines?
CALC YearfromSept=year(Date)+(Month(Date)>8)
GROUP [redefine=yes] YearfromSept

and what on earth does the second line do in the following part of the code?
TABULATE [class=YearfromSept] Date; min=start
VTABLE start; startdate;!p(yr)

In particular what does !'p(yr) mean in that line?

The first two lines can give a clue to the problem. Having calculated the column called
YearfromSept, we need to change it into a factor column, so we can use it later to get the summary
for each year. This is easy in the spreadsheet, just right-click and change to a factor. The GROUP
command is a way of doing the same thing.

More generally GenStat recognizes different “data types” including variates, factors, matrices, tables
and pointers. They are all described in Chapter 2 of the syntax and data management guide, see
Help = GenStat Guides. Understanding the role of these structures is needed to be able to write
most programs. So you will need to check in that chapter, and hopefully have explanations from
some more simple examples®.

16.5.3 Repeating sets of commands

We now start the real payoff from using commands. It is easy to repeat sets of
commands, possibly for different stations or different criteria. This is much simpler than
having to go through the menus repeatedly. One way is to change the program given in
Fig. 16.5a. Here we show how we can repeat sets of commands within a single run of
the program.

In this section we generalize the program to look at four different earliest dates that the season could
start. We have set them at 30, 40, 50 and 60 days after the initial date of 1% September, but the user
could change these. The new file containing the commands is called start2.gen and is shown in Fig.
16.5g. When this file is run, the spreadsheet, shown in Fig 16.5f, is created. The first column gives
summary statistics when the earliest possible starting date was 1% October. Then for example Q1,
the first quartile, shows that planting was possible in 25% of the years by day 50. September 1* was
taken as day 1, so this is 19" October.

Fig. 16.5f Summary statistics for starting dates

S—— AEE

Romr Eummaries a[30] | =40] | s[90] | =[&0] +
1|/MIN 33 42 51 612
2O 50 52 61 66
3|MEDIAN 63| 635 68 m
4| Q3 72 72 m 111 .
5[ MAX 87 87 93 100( -

2l J IC

2 you need to know a little about tables and pointers to follow the two lines of code, starting tabulate
and vtable. In the tabulate command the days of the start are automatically stored in a table
structure. This is useful, because the table automatically stores the year numbers as well as the
starting dates. Then the vtable line is used to change this table into columns, and we chose the
names Startdate for the dates, and yr, for the corresponding year number.
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Fig. 16.59 Adding a loop to the commands

B 5:\Genstat_resources\GenstatClimaticGuide\datasets\start2.gen®

"UIzing & loop to calculate dates of the start of the season”

Job

import 'zimdata.gsh'

cale rainsumi=Rain+shift (Rain; 1) +shifr (Rain:2)

"Thiz i= the same as calculate rainsumi=rtotal (Rain:2:0)"

cale YearfromZSep=vear (Date)+(Monthi(Date) >8]

groups YearfromSep; Yearfrom3ept "put the data into a factor column®
"This will change from 12951 to 1952 on 1st September 1952, etco

Hence the analysis allows for stations when the start does not ooour
until the next calender wyear™

cale DayfromSept=ndayinyear (Date:d)

for earliestdate=30,40,50,60;1=1,2,3,4
cale success=(rainsuw3>20) cand. (DayfromIeptrearliestcdate)
restrict Date, Yearfrom3ept,rainsumld  Success
tabulate [class=YearfromZept]lDate;min=start
vtahle start:;startdate[i]: 'p(vr)
variate [modifwv=ves]startdate[i] ;drep=1
restrict Date, Yearfrom3ept,rainsumsd

cale startday[i]=ndayinyear (startdate[i] ;9)
"How look at the results and swmraries individually™
print yr,startdate[i] ,startday[i]
describe startday[i]
tally startday[i]
endfor
"Mow look at a summwary of the results together™
"They giwve the earliest date, the quartiles, the median and the latest,
with day 1 as 1st September™
describe [prin=+*:;select=min,ql,wed, 3 ,max] startday([] ;swumaries=s[30,40, 50, 60]
print =[]
Mow look at the results in a spreadshest™
fepread s[]

In the command file, shown in Fig.16.5g, the key lines are those with FOR and then ENDFOR.
These are described in Chapter 5.2.1 in the GenStat Syntax and data Management guide, which is
accessed through the help system. Other controls described in that chapter are
IF...ELSIF...ELSE...ENDIF and CASE...OR...ELSE...ENDCASE.

For example in the program in Fig. 16.5g we might want to analyse the data only if there are more
than 5 years of data or if there are not too many missing values. To do this we could add lines such
as
CALC check=nobs(Rain)/366
IF check > 5

“Do all the commands™

ELSE
PRINT “At least 5 years of data are needed for this analysis’

ENDIF

This example indicates that it is quite easy to generalize a simple program, such as the one we
started with in Chapter 16.5.1

16.5.4 Making a program into a procedure

We have emphasized that part of the value of writing commands is that the user can easily make
changes to tailor the analysis to their requirements. For example in Fig. 16.5a the name of the station
could be changed from zimdata.gsh and the earliest date could be changed from 1% October, by
changing the value of 30 in the code.

One problem with the programming in Fig. 16.5a is that it forces the user to dig into the code to make
these changes. It is not good programming practice to “hardwire” the station name, or 1% October in
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the code. This is not a serious problem with such short programs, but can be awkward in general as
this can lead to mistakes.

A simple improvement is to put all the components that the user might change at the start of the
program. So we could have:

TEXT [n=1]StationName; value = “zimdata.gsh’
SCALAR Earliestdate; value=30

Then we would use these names in the code, for example
IMPORT StationName instead of IMPORT “zimdata.gsh’

Even better would be to take anything like this out of the code altogether. This is the process of
writing a procedure, as described in Chapter 5.3 and 5.4 of the GenStat Syntax and Data
Management guide.

Many procedures have been written for GenStat. To see the code you can use Help = Procedure
Source, and then select a procedure. Local or special interest groups can also add their own
libraries of procedures, using Tools = Procedure Libraries = Attach. The help associated with
attaching these libraries is shown in Fig. 16.5h. This opens the possibility of adding a library to
include further facilities for the analysis of climatic data.

Fig. 16.5h Attaching a procedure library

E? GenStat Help Q@E|

LR =,
Show  Previous  Mest Back Print  Dptions
L
Procedure Libraries
See Also
This menu allows you to attach additional procedure libraries. These provide extra facilities beyond
those supplied with GenStat. You can use this menu to attach libraries you have written yourself or
for those obtained from other users. The WSHM website includes details of libraries written by
GenStat users and supplied for general use.
GenStat procedures consist of a selfcontained piece of program code along with options and
parameters that provide control over the procedure and allow data to be passed in and out. A
procedure library is a file containing one or more GenStat procedures. Attaching a library makes
the procedures within it available as additional commands that you can use by submitting
programs to the server via the Run menu. Usually, the libraries specified here are automatically
attached each time you start GenStat.
b

We sometimes find that staff who are comfortable at computing, though not programmers, assume
that it will be impossible for them to write procedures. This is not the case.

We therefore give two small challenges. They demonstrate that you can start with procedures as you
might start writing commands, namely by changing one that exists, rather than writing your own. The
first task is as follows. If you were to run the commands that we showed in Fig. 16.5g, you would see
that the results are not quite as we show in Fig. 16.5f. The results are given in a different order, and
we changed the order in the spreadsheet to display the summaries in a more logical order. They are
given by the DESCRIBE procedure, which is also what is run automatically when you use the Stats
= Summary Statistics = Summarise Contents of Variates menu. Could you change the code in
the DESCRIBE procedure, so the results are given in the same order as shown in Fig. 16.5f?

Use Help = Procedure Source to get the exiting code for DESCRIBE and you may be surprised
how easy it is to make the change. So much so, that we suggest a second task. Suppose you were
also asked to get the 10% and 90% points of the starting dates, as well as the quartiles. Currently the
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procedure permits any of 22 summary statistics, but not those. Could you make the 22 into 24, by
adding the option to give these percentiles?

Understanding how easy it is to write procedures is important, even if you have little intention of
becoming a programmer. Perhaps you will suggest some tasks for others, or commission a
programmer. Then knowing just a little about writing procedures will greatly help you to define exactly
what would be useful for you, or for your organization.

16.5.5 Making procedures visual

Apart from this chapter you have been using GenStat mainly through menus and dialogues. In this
section we have now seen that it is possible to add your own procedures to those that are currently
available in GenStat. In this final section we look at how we can give these additions their own
menus and dialogues.

Although it is possible to create menus and dialogues for existing procedures, we provide two
examples of a user procedure and then demonstrate how to create a custom dialogue for each one.
This is because we wish to emphasise the fact that the ability to create custom procedures and
dialogues enhances the value of GenStat’s link to R and WinBugs. A user can now write a procedure
to access the facilities in R, for example, and then create a dialogue in order to make the process
user friendly. For more information on the link to R, see “An Evaluation of GenStat’s Link to R using
Extreme Value Analysis”, which is the SSC’s guide for those who wish to evaluate the potential of the
link.

Example 1. Comparing nested GLMs using the Deviance Statistic

The first user procedure, shown in Fig 16.5i, calculates a deviance statistic and the associated p-
value, given the residual deviance of two nested generalized linear models (GLMs). The procedure
assumes that the scale parameter is known.

Fig. 16.5i Code for the user procedure DEVSTAT

PROCEDURE [WORDLENGTH=short] °DEVSTAT®
OPTION "PHI®"; " 1: scale parameter "'\

MODE=p; DEFAULT=1; DECLARED=yes; TYPE="scalar®”; PRESENT=yes; LIST=no
PARAMETER NAME=\

"D1", " I: residual deviance under model M1'\
*DO*", "™ I1: residual deviance under model MO, where MO is nested in M1 "\
K" ; " 1: number of extra parameters in M1 "\

MODE=p; SET=yes; DECLARED=yes; TYPE="scalar®; PRESENT=yes
CALC DevianceStat = (D0O-D1)/PHI

CALC p = CUCHISQUARE(DevianceStat;K)
PRINT DevianceStat, p

ENDPROCEDURE

The commands can be entered in a new Input Window and then saved as a procedure input file,
using the extension gpi. The code shown in Fig 16.5i can be found in the file DEVSTAT.gpi. It must
be saved in the GenStat add-ins folder, which is called Addins and can be found in the GenStat
version 11 program file folder (Genlled), for example C:\Program Files\Genlled\AddIns.

Run the code using Run = Submit Window. Now open the Build Procedure Library using Tools =
Procedure Libraries = Build.

Any procedures submitted during the current session will be stored in the folder User, under
Available procedures. Expand the folder and move DEVSTAT to the box under Procedures in
library. Ensure that the Create new library radio button is selected. Enter a name for your new
library in the box labeled File. Here, we have used MyLibrary. Finally, click on Browse to find the
GenStat add-ins folder and then click on Build Library. The completed dialogue is shown in Fig.
15.5j.
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Fig. 15.5{ completed Build Procedure Library dialogue

Build Procedure Library

Available procedures: Procedures in library:
(2 Pracedures DEYSTAT
=[] User

DEVSTAT

ﬁ
ﬂ

* Create new library

File: |C:'|,F‘rc:gram Filestizen1 1ed\addInsiMyLibrary. gl

" Madify existing library

| =
ﬂ Build Library | Cancel |

The DEVSTAT procedure can now be used, as normal, by running it from an Input Window. For
example, try

DEVSTAT [PHI = 1] D1=54; D0=60; K=2

which gives the following output:

DevianceStat p
6.000 0.04979

Here, we are comparing the residual deviance of model MO with that of model M1, where MO is
nested in M1. The residual deviance of model M1 is labeled D1 and is equal to 54. The residual
deviance of model MO is labeled DO and is equal to 60. M1 has K=2 extra parameters. The results
show that the reduction in residual deviance corresponding to the two extra parameters is 6.
Comparing this with the chi-squared distribution on 2 degrees of freedom, this reduction is significant
at the 5% level.

Custom Dialogues

The layout and contents of custom dialogues can be created using the ‘GenStat resource language’'.
The basic structure of the language is as follows:

DIALOG id, width, height

CAPTION text

PROCEDURE text

BEGIN

::: Dialogue Controls (layout and contents instructions) ...

END
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DIALOG statement

The DIALOG statement defines the id of the dialogue and its size. The statement requires two or
three parameters depending on how the size of the dialogue is specified.

Parameter 1: id - a unique id for the dialog.
Parameter 2: size - the size of the dialog (SMALL, MEDIUM or LARGE).
or

Parameters 2 & 3: width - the width of the dialog.
height - the height of the dialog.

CAPTION statement

This has one parameter that specifies the title that will appear on the dialogue title. The text should be
in double quotes, e.g. "My Dialog Title".

PROCEDURE statement

This has one parameter that specifies the name of the procedure that will be called when the dialogue
is run. The name of the procedure should be supplied in double quotes. The procedure name can be
up to 32 characters where the first character must be a letter and the second to the 32nd can be
either letters or digits.

BEGIN and END statement

These statements have no parameters and are used to indicate the start and end of the controls that
are to be added to the dialog.
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Dialog Controls

The dialogue controls are the objects that the user interacts with
dialogue and the procedure. The following controls are available:

. They make the link between the

Statement

Dialog
Control

Description

Example

PUSHBUTTON

Push button

Creates a button that tells
GenStat to carry out an
action, such as Run to submit
the dialogue, Cancel to close
the dialogue, or Help to open
a help file.

IMAGEBUTTO
N

Image button

Creates buttons that allow the
dialogue to remain open when
activated, a clear button to
reset the dialogue and/or a
help button.

& x 3

CHECKBOX

Check box

A box that can be clicked on
and off or used to represent a
set of options that returns a
list of strings.

[w Mean

TOGGLEBOX

Check box

A box that can be clicked on
and off or used to return a
string for a true or false result.

[w Mean

RADIOBUTTON

Radio Button

Creates a radio button control.
Should be displayed in groups
where only one button can be
selected at a time.

& Dne-sided
" Two-zided

LTEXT

Static text

Allows you to place read-only
text into the dialog.

by string

GROUPBOX

Group box

Draws a rectangle around a
group of controls and inserts a
user specified title in the top
border.

Options

EDITTEXT

Edit control

Creates an input box which
can be typed into or can
accept data from an available
data list.

COMBOBOX

Combination
box

Creates a drop-down box
containing a list of options.

|Mean ﬂ

Yarance
Standard error

LISTBOX

List box

Creates a box containing a list
from which the user can select
one or more items.

c:alziurm
rnortaliby

Further information on the dialogue controls can be found in Help under GenStat resource
language. It explains the options available and how to write the code.

Fig. 16.51 shows an example of the resource language that creates a dialogue for the DEVSTAT
procedure. The dialogue produced by this example is shown in Fig. 16.5k.
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Fig 16.5k The custom Deviance Statistic dialogue
Deviance Statistic E|

[model MO nested in model k1]

Reszidual Deviance

M0: |7 M1: |7

Murnber of extra parameters in t1:
Scale Parameter. |1

Fiun | Cancel |

Fig. 16.51 Code to create the custom dialogue for the DEVSTAT user procedure

DIALOG dialogl, 160, 128
CAPTION "Deviance Statistic”
PROCEDURE ''DEVSTAT"
BEGIN
PUSHBUTTON *‘Run’*, IDRUN, 24, 110, 54, 14, BS_RUN
PUSHBUTTON *Cancel', IDCANCEL, 84, 110, 54, 14, BS_CANCEL
GROUPBOX "Residual Deviance', IDSTATIC, 4, 21, 135, 30
LTEXT "(model MO nested in model M1)'™, IDSETUP, 4, 5, 105, 9
LTEXT **MO:-"*, IDMO, 8, 35, 15, 9
EDITTEXT DO, 25, 33, 40, 14, GW_PARAM | EC_SET
LTEXT **M1:"", IDMI, 75, 35, 15, 9
EDITTEXT D1, 92, 33, 40, 14, GW_PARAM | EC_SET
LTEXT *Number of extra parameters in M1:', IDK, 4, 65, 110, 9
EDITTEXT K, 117, 63, 35, 14, GW_PARAM | EC_SET
LTEXT *"Scale Parameter:', IDPHI, 4, 85, 60, 9
EDITTEXT "1, PHI, 67, 83, 20, 14, GW_OPT | EC_SET

END

Explanations of the code

DIALOG:

The dialogue ID is dialogl and it has a width of 160 and a height of 128 units.
CAPTION:

The title of the dialogue is Deviance Statistic.

PROCEDURE:

The DEVSTAT procedure will be activated using the inputs entered by the user.

Dialogue Controls
PUSHBUTTON:

The text on the first pushbutton is Run. The GenStat name (user defined id) for this button is IDRUN.
The top left hand corner of the button is positioned at co-ordinates (24,110). The width of the button is
54 and height is 14. BS_RUN creates a Run button that activates the attached procedure and closes
the dialogue.
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The text on the second pushbutton is Cancel. The id for this button is IDCANCEL. The top left hand
corner of the button is positioned at co-ordinates (84,110). The width of the button is 54 and height is
14. BS_CANCEL creates a cancel button that closes the dialogue without saving any changes.

GROUPBOX:

Wraps around and provides the title Residual Deviance for the model deviance input boxes. The id
for the group box is IDSTATIC. The top left hand corner of the box is positioned at co-ordinates
(4,21). The box has a width of 135 and a height of 30.

LTEXT:

The first line of text informs the user that the calculation assumes that model MO is nested in model
M1.

The text MO: informs the user that the residual deviance for model MO must be entered in the
adjacent box.

EDITTEXT:

Creates an input box for the DEVSTAT procedure parameter D0O. The id DO informs GenStat that the
value entered in this box is the corresponding DEVSTAT procedure parameter DO. The id must be the
same name as the procedure parameter (or option) that the input is for. The top left hand corner of
the input box is positioned at co-ordinates (25,33). GW_PARAM specifies that the input box is for a
parameter in the attached procedure. EC_SET checks that text has been entered into the input box
when the attached procedure is run. If no text has been entered an error prompt appears.

The last EDITTEXT control creates an input box for the DEVSTAT procedure option PHI. The ""1"
creates a default entry of 1 that is displayed in the input box when the dialogue is opened. This entry
can be changed by the user.

The code must be entered into an Input Window and then saved with the extension .grc, for example
devstat.grc. Save the file in the GenStat add-ins folder, which is called Addins and can be found in
the GenStat version 11 program file folder (Genlled), for example C:\Program
Files\Genlled\AddIns. Note that you must type the ‘.grc’ extension rather than by selecting it from a
drop-down menu.

To attach the custom dialogue menu to GenStat, an add-in file must be created. The layout of the file
is as follows:

[AddInX]

Type = DIALOG

ProgID = my dialogue id
MenuTitle = name in menu
ResourceFile = dialogue code.grc

) The text in bold is fixed (it must appear in the file) and the underlined text in italics is user
dependent. For [AddInX], X must be a number i.e. AddIn1, AddIn2 etc.

o For ProgID, my dialogue id must be the same name that was assigned to the dialogue id
under DIALOG. Here, we used dialog1.

. For MenuTitle, name in menu is the name that you wish to see in the menu. In our
example, we will use the title Deviance Statistic. All custom dialogues appear under the
User menu, which means that our dialogue can be accessed through User = Deviance
Statistic, as below.

Skats Tools  Window  Help
ﬂ‘ Devllance Statlsltlc E

. For ResourceFile, dialogue code.grc must be the name of the file containing the code to
create the custom dialogue, which is devstat.grc in our example.

The code for the add-in file for our example is shown in Fig 16.5m.
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Fig. 16.5m Code to create the add-in file for the custom dialogue

[AddInl]

Type=DIALOG

ProglD=dialogl
MenuTitle=Deviance Statistic
ResourceFile=devstat.grc

This file must also be saved in the GenStat add-ins folder. It is a GenStat add-in file (GAD file), which
means that it should be saved using the file extension .gad, for example, devstat.gad. The next time
you start GenStat, the custom dialogue should attach automatically and the dialogue can be opened
using User = Deviance Statistic, as shown above.

Now we can generate the same answer as we did when we used the DEVSTAT command
DEVSTAT [PHI = 1] D1=54; D0=60; K=2
by filling in the dialogue as shown in Fig. 16.5n.

Fig. 16.5n Deviance Statistic dialoque
Deviance Statistic g|
[model MO nested in model k1]

Regidual Deviance

b: |EEI M1 |54

Muriber of extra parameters in M1; |2
Scale Parameter. |1

Cancel |

Click on Run to generate the following output:
2 DEVSTAT [PHI=1] D0=60; D1=54; K=2

DevianceStat p
6.000 0.04979

Example 2: Transformations

The second example uses an adapted version of a user procedure called TRNSFRM, which is
introduced in GenStat Help under Custom menus example — transformations. Both procedures
perform a simple transformation on a variate, allowing the results to be saved and displayed in a
spreadsheet. Our version of the procedure, (TRNSFORM) has, in addition, the option to square or
square root the variate and to request the mean of the transformed variate. The code can be found in
the datasets folder in the file TRNSFORM.gpi, and is shown in Fig. 16.50. The dialogue produced by
this example is shown in Fig. 16.5p.
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Fig. 16.50 Code for the user procedure TRNSFORM

DELETE [REDEFINE=yes; PROCEDURE=yes] TRNSFORM
PROCEDURE [WORDLENGTH=long] "TRNSFORM®
OPTION "PRINT", "TRANSFORM®, "SPREADSHEET"; \
MODE=t; LIST=y,n,n;\
VALUES=IT(max,min,mean,none),\
IT(In,log10,exp,pwrl0,sqrt,square, logit),\
IT(yes,no);\
DEFAULT= !T(none),!IT(In),!T(no)
PARAMETER "X", "NEWX";\
TYPE="variate®;\
SET=yes,no;\
DECLARED=yes,no;\
PRESENT=yes, no

ASSIGN [METHOD=preserve] Inx; NEWX

IF TRANSFORM.eqs."In"
CALC NEWX = LOG(X)

ELSIF TRANSFORM.egs.-"logl0*
CALC NEWX = LOG10(X)

ELSIF TRANSFORM.egs. "exp*”
CALC NEWX = EXP(X)

ELSIF TRANSFORM.egs. "pwrl0O*
CALC NEWX = 10**X

ELSIF TRANSFORM.egs. "sqrt*
CALC NEWX = SQRT(X)

ELSIF TRANSFORM.eqs. "square”
CALC NEWX = X*X

ELSE
CALC NEWX = LOGIT(X)

ENDIF

CALC minx = MIN(NEWX)

CALC maxx = MAX(NEWX)

CALC meanx = MEAN(NEWX)

IF "max”_IN_PRINT

PRINT [IPRINT=*] “Maximum of transformed data is",maxx
ENDIF
IF "min” _IN.PRINT

PRINT [IPRINT=*] “Minimum of transformed data is",minx
ENDIF
IF "mean® . IN.PRINT

PRINT [IPRINT=*] "Mean of transformed data is",meanx
ENDIF

IF "yes® _EQS.SPREADSHEET
FSPREADSHEET [SHEET=0] NEWX;

ENDIF

ENDPROCEDURE
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Fig. 16.5p Custom Transformation dialogue

Transformation fg|
Avallable Data: Data:
Time |
Savein;

Trangformation:

|L|:ug [baze g] j

Dizplay

[ Minirnurm
[ Mairmurn
[ Mean

[ Dizplay data in spreadsheet

Run Cancel Help

Follow the steps below to add the custom procedure and dialogue to GenStat:

1.
2.
3.
4.
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Open the file TRNSFORM.gpi and submit the code using Run = Submit Window
Save the file in the GenStat AddIns folder

Open the Build Procedure Library using Tools = Procedure Libraries = Build
Click on the Modify existing library radio button and move TRNSFORM to the
Procedures in library box, as shown in Fig. 16.5q. Click on Build Library.

Fig 16.5q Build Procedure Library dialogue

Build Procedure Library E|
Available procedures; Procedures in libraty:
[_ Procedures DEVSTAT
+-[27] Library - MyLibrary.glb
1-[Z3 User

B} TRINSFORM

j
ﬂ

" Create new library

|

{* Modify existing library
Library: |Library - MyLibrary.glb ﬂ

ﬂ Build Library | Cancel |
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5. Write the code to create a dialogue for the TRNSFORM procedure. This can be found in
the file transform.grc and is shown in Fig. 16.5r. Save the file in the GenStat add-ins
folder.

Fig 16.5r Code to create the custom dialogue for the TRNSFORM user procedure

DIALOG dialog2, 210, 195
CAPTION "Transformation"
PROCEDURE ""TRNSFORM"
BEGIN
PUSHBUTTON "‘Run', IDRUN, 20, 175, 54, 14, BS_RUN
PUSHBUTTON **Cancel', IDCANCEL, 78, 175, 54, 14, BS_CANCEL
PUSHBUTTON *"‘Help', IDHELP, 136, 175, 54, 14, BS HELP, “Transform.html™
LTEXT "Available Data:', ITEXT, 2, 2, 52, 9
LISTBOX IDLIST, 2, 12, 90, 120, GW_AVAILABLE
LTEXT "'Data:'", ISTATIC, 100, 2, 46, 9
EDITTEXT X, 100, 12, 100, 14, GW_AVAILABLE | DT_TYPVAR | GW_PARAM | EC_SET
LTEXT "'Save in:",ISTATIC, 100, 32, 46, 9
EDITTEXT NEWX, 100, 42, 100, 14, GW_AVAILABLE | DT_TYPVAR | GW_PARAM | EC_SET
LTEXT “Transformation:", ISTATIC, 100, 64, 70, 9
COMBOBOX TRANSFORM, 100, 74, 90, 64, CB_DROPLIST | GW_OPT
SLIST TRANSFORM, "Log (base e)', "Log (base 10)", "Exponentiate', "Power of 10",
""Square Root', "Square', "Logit"
RLIST TRANSFORM, *In"™, "loglO™, "exp', "1O0pwr™, "'sqrt', "square™, "logit"
GROUPBOX *Display™, IDSTATIC, 100, 94, 100, 52
CHECKBOX "*Minimum', PRINT, 104, 106, 70, 14, GW_OPT | GW_SEL, "min"
CHECKBOX "Maximum', PRINT, 104, 118, 70, 14, GW_OPT | GW_SEL, "max"
CHECKBOX *"*Mean'', PRINT, 104, 130, 70, 14, GW_OPT | GW_SEL, "mean"
TOGGLEBOX "Display data in spreadsheet'™, SPREADSHEET, 100, 154, 130, 14,GW_OPT,
"yes'", "no"

END

Explanations of new code

PUSHBUTTON

“Help” creates a link to the help file Tansform.html. The help file must be saved in the add-ins folder.
BS HELP creates a Help button and “Tranform.html” is the name of the Help file, which is saved in
the add-ins folder.

LISTBOX

Creates a list of variables from which the user can select one. GW_AVAILABLE specifies that the list
box is a list of available data. This allows the data to be double clicked into a text box or droplist
combo box.

EDITTEXT

The first EDITTEXT command creates a text box to receive the variable selected from the list box. X
(the id) and GW_PARAM (a flag) indicate that the selected variable name is to be returned to the
TRNSFORM procedure as the parameter X. Note that we must use X here because the id must have
the same name as the procedure’s parameter (or option) that the result is for. GW_AVAILABLE
enables the data in an available data list box on the dialog to be double clicked into the text box.
DT_TYPVAR restricts the data displayed in the available data list box to variates when clicking into
this text box. EC_SET checks that text has been entered into the text box when the attached
procedure is run. If not text has been entered an error prompt appears.

COMBOBOX

Creates a drop down box containing a list of available transformations. CB_DROPLIST indicates that
the options cannot be edited by the user i.e. the choices are fixed. GW_OPT specifies that the combo
box is for an OPTION in the attached procedure and the id TRANSFORM specifies the OPTION that

the selection is destined for.

SLIST

Must be used with COMBOBOX in order to specify the list of available transformations. The id, which
is TRANSFORM, must be the same as the id specified for the combo box.
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RLIST must be used with COMBOBOX and SLIST in order to link the names of the available
transformations specified under SLIST with the associated TRNSFORM OPTION. For example, if the
user selects Square Root the procedure is supplied with TRANSFORM=sqrt.

6.

10.
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Create an add-in file (.GAD) to attach the dialogue to GenStat. This can be found in the file
transform.gad and is shown in Fig. 16.5s. Save the file in the GenStat add-ins folder.

Fig. 16.5s Transform add-in (GAD) file

[AddIn2]

Type=DIALOG

ProglD=dialog2
MenuTitle=Transform Data
ResourceFile=transform.grc

Save the help file Transform.html in the AddIns folder.
Restart GenStat.

Open a new spreadsheet and create a new variate called Time by entering the values 1 to
10 in a column, as shown in Fig. 16.5t.

Fig. 16.5t New spreadsheet containing the variate Time

D i H i |

Fow | Time +

1 1 -

z 2

3 3

4 4

5 5

5 [

7 7

3 8

9 9

w @ =
2[4 [ v

Access the custom dialogue using User = Transform Data and complete the dialogue as
shown in Fig. 16.5u

Fig. 16.5u Testing the Transformation dialogue.

Transformation rg|
Available Data: Data:
Tirme |Time
Save in:
|LngTime

Transformation:

|Log [base e] j

Dizplay

[ tdimimum
[w b axirium
[v Mean

v Dizplay data in spreadshest

Run Cancel Help
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11. Click on Run to generate the new column LogTime, as shown in Fig 16.5v.

Fig 16.5v Spreadsheet with the transformed column LogTime
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17. Challenge 5 - Changing a GenStat procedure

In Chapter 16.1 we ran a procedure called DAYLENGTH. In the help on this procedure it states:
“The formula by which the daylengths is calculated is given in Sellers (1965)".

The first task is to find the formula. One way is to find the article, but the second is to look at the
contents of the procedure using Help = Procedure Source. Alternatively you can use the
command LIBSOURCE followed by the procedure name, for example:

LIBSOURCE "DAYLENGTH"®

This is possible for any procedure and the contents of the procedure DAYLENGTH are shown in
Fig.17.1a.

Fig. 17.1a Contents of the DAYLENGTH procedure

B Input Window;1*

PROCEDURE [WORDLENGTH=short] 'DAYLEMNGTH'
"R.J. Reader & K. Phelps, Biometrics Department,Horticulture Research International,
Melleshourne, Warwick. CW35 SEF.

Calculate davlength fromw day of year at given Latitude (default Welleshourne)
from forwula in Sellers W.D.,1965., Physical Climatology.
University of Chicago Press,Chicago Il

hmended 9/1/96 to calculate daylengths in southern hemisphere correctly™

COPTICH MAME=
'LATITUDE'; "(I: Latitude at which davlength iz required in degreessz) ™ 3
MODE=p; DEFAULT=5Z.205; TVYPE='scslar': FRESENT=Y

PARAMETER MNAME="

'DAYNTHMEER' "{I: wvariate of days of the vyear for calculating daylength) ™

'DAYLENGTH' ; "0 variate of daylengths in hours) ™ b

MODE=2 (p); SET=n, v:; TYPE=Z ('wariate'); PRESENT=y, n; DEFAULT=!{1l... 365), ¥
SCALAR Pi

CALC Pi = CON3TAMNTS('PI')

CALC MNwalues = NVALUES (DAYNUMEER)

VARIATE [MNVALUES=Nwvalues; MODIFY=yes] DAYLENGTH

CALC Lat = LATITUDE * Fi / 180

CALC Adelt = 0.4014 * IIN(2 * Pi # [DAYNUMEER - 77 - 182 % (Lat.LT.O)) / 365)

CALC Teml = 1 - (-3IN{Lat) / CO3{Lat] * Adelr) #+% 2

CALC TemZz = (- (SIM{Lat] / COS(Lat)) * (SIM{idelt] / COS(kdelr))
CALC ihou = ARCSIN(SQRT(Teml / (Teml + TemZ * TemZ]))

CALC Ahou = (Pi - Ahou) * (idelt .GT. 0) + ihou * (idelt .LE. O)
CALC DAYLENGTH = 24 * Lhou / Pi

ENDPROCEDURE

Note that to write your own procedures, you start by giving a PROCEDURE statement.

Find the procedure called DAYLENGTH and copy it in an input window, so it can be modified.
= Give the procedure a new name, for example the name of the place where you work.
= Change the default latitude from 52.205 to the latitude that you want.

= Try running your own version of the procedure.

The procedure currently does not print anything. Change it by adding the lines

IF Nvalues < 40
PRINT DAYNUMBER, DAYLENGTH; dec = 0,2
ELSE
PRINT “The results are saved in the variable called, !'p(DAYLENGTH)

ENDIF

This should be inserted just before the ENDPROCEDURE line

Now run it again.

201







Analysing climatic data using GenStat for Windows 18 — Developing a strategy

18. Developing a strategy

18.1 Introduction

In this last chapter we look more generally at three aspects concerned with a strategy for processing
climatic data. They are on data, software and staff. In Chapter 18.2 we consider aspects concerned
with data entry and checking. We look at the access to data from databases using ODBC (Open
Database Connectivity) in Chapter 18.3.

In Chapter 18.4 we examine software issues. We consider where GenStat might fit into your software
strategy: What are some other alternatives and what other software might you use together with
GenStat?

Finally, in Chapter 18.5, we look at people, and include issues of training.

We try to be as general as possible, so we hope the issues will be applicable whether you work in a
Met Service, a University, or elsewhere. We also believe the issues are essentially the same
whatever country you are in.

18.2 Data

A few people collect climatic data, but most users access the data from others, perhaps from a Met
Service. As well as the actual data you will usually have some further details; perhaps the location of
the stations and details of the instruments used to take the measurements. This is called meta-data.
The information is often not usable without some meta-data.

Met Services are sometimes protective about their data, but we see no reason why they should
restrict access to the meta-data. This information is very useful to help anyone specify what data they
need. In many developing countries a database system called CLICOM has been used to store the
climatic data and meta-data. The original CLICOM is now old fashioned, but the term CLICOM is
sometimes used in a more generic way as countries adopt more modern versions of software for
managing their climatic records. One such system, called CLIMSOFT, is being developed largely by
the Zimbabwe Met Service. Another, called CLIDATA (www.clidata.cz) has been developed by the
Czech Met Service.

Climatic data are also stored by many other organizations, including groups concerned with food
security early-warning systems, universities, and so on. We do not wish to enter here into the
quagmire of data access from Met Services, though we would like to encourage them to have a well-
defined policy for data access. And if this policy makes their data expensive, then they must not be
surprised if users ignore their services, and look elsewhere for the data®.

Even when the data are secondary, i.e. you did not collect them, we strongly encourage users to be
critical about the data quality. We illustrate by considering three topics. The first is when you have
the same data from two different sources and need to check whether they are really the same.

We illustrate with the Zimbabwe data, though we had only the single copy. GenStat can help in the
following way. Enter one copy of the data into a GenStat spreadsheet. We used the data in the file
called zimdata.gsh and made 2 changes, to “introduce” errors. We changed 23.7 to 24.7 in the first
row of the data in Fig. 18.2a and deleted the 4™ row of data. Then use Spread = Sheet =
Compare to give the dialogue shown in Fig. 18.2b.

2 Many organisations that try to charge for data, are themselves quite adept at “borrowing”, rather
than paying for software. They should assess whether their potential clients will be willing to pay for
data, or will avoid the supplier. This can marginalize the Met service, often the opposite of what
should be encouraged.
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Fig. 18.2a Sheet with 2 faults

Fig. 18.2b The Spread = Sheet = Compare dialogue

PX

pread data.g m Compare Sheet: Spreadsheet [zimdata.gsh]*
row |Wear |Montt[Day |Maxrer| minted+ Data Source
1| 1951|Jul 11 247 qa  File " Clipboard - {" ODBC
Cancel
20 1951(Jul 2 239 b Filenarne:
3] 1951)Jul 3 244 IE S:h\Genstat hGenztatClimaticGuidehdatazets'zimdat e
. ensta_rezouicesisaenstatlimatcluidesdatazezhimaata
4 1951 (Jul 5 21.8 1 - Help
sl 1951|Jul 6l 199 1 Tolerance on numerical comparisans: Te-d
& 1951|Jul 7| 16.8 g Uil Lianetbass Match Calumns by
2 ||F “| . | e S h [ lgnore Case " Position " MName
[ Match rows uzing 1D [
Ahart comparizan after finding &0 differences

When we make the comparison the result is not very clear. GenStat reports that the number of rows
is not equal. But then it starts by checking the year column, and so reports a mismatch on the column
in line 184, when the data in memory gives 1952, while there is still one more row of 1951 in the file
on the disc.

In comparisons such as this, it is useful if there is a unique identifier for each row, and here this is a
column called Date. So we return to the menu in Fig. 18.2b and tick to match rows using the Date as
the ID column. The results are as follows and correctly identify the discrepancies:
"Comparing Spreadsheets: zimdata.gsh and zimdata.gsh
Unequal number of rows: 18197 vs 18198
Mismatch on Maxtemp at row 1: 24.7 <> 23.7
Row 4 in zimdata.gsh not matched.
Spreadsheets are different. **

A different problem is when the data are on file, but you also have access to a paper copy. In this
case GenStat has an option for you to verify whether the two are the same. Use Spread = Sheet =
Verify to give the dialogue shown in Fig. 18.2c. We chose to check just the column with maximum
temperatures. The original values are no longer visible, as shown in Fig. 18.2d.

Fig. 18.2c Spread = Sheet = Verify dialogue Fig. 18.2d Data ready to verify one column

Verify Columns in Spreadsheet E| preard data -
Colurmn [ ="erify Column] 0K Row |Wear |Montz !D.iy Maxten| Mintemp
N 1| 1951{Jul 237] 9.4| |
DaE Leies] 2| 1951[Jul 2 - 9.7
Mintemp Help 3| 1951|Jul 3 9.6
Rain 40 1951 (Jul 5 7.8
Date 1951|Jul 6 8.4
ng:ﬁm Select Al 2 u :
& 1951 (Jul T 9.4
iy
7| 4] | b
lgnore

We typed the correct value, from the file, and this generated the error, shown in Fig. 18.2e. We now
have the choice between keeping what we just typed, or what was there before, or of now realizing
that we were wrong both times! We can also add a note, and have chosen to do so, see Fig. 18.2e.
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Fig. 18.2e The GenStat dialogue when there is inconsistency

GenS5tat Verify Errorn in Spreadsheet [zimdata.gsh] (Ve... PX|

Yerfy Error in: Mastemp at row: 1 Walue to Use:
¥.eep typed walue of: 237 Tuped
Ilze anginal walue of: 247 Original
ze the new value: | W

v &dd thiz Bookmark Mote to the cell [Ei+Chrled o view)
|Eu:urreu:teu:| from 24.7

After entering 2 values the screen is as shown in Fig. 18.2f, with the coloured cell indicating that there
is a bookmark present. GenStat also prepares a new spreadsheet that keeps a record of all the
changes we have made. This is shown in Fig. 18.2g, and indicates that both the first two rows were
inconsistent.

Fig. 18.2f The spreadsheet after verifying two rows

pread =1s gata.g !-
3

Rowr !Year !ifontl’. '.D&}r Maxtern| Mintenp +
1| 1951(Jul 1 9.4| ||
2| 1951(Jul 2| 239 9.7 |
3| 1951|Jul 3. 9.6
al 1951|Jul 5 7.8
5| 1951|Jul 6| - 8.4
& 1951|Jul 7| — 94|

2 [« | E

Fig. 18.2g A special GenStat sheet with arecord of changes

3
preadsheet [Boo =

Fow Rrcolumn VRO l51:1:;,rinal 'I‘Y'ped 'HEI-I +

' Maxtemp) 1[24.7 237 237 ||*

2|Maxtemp 2(23.9 254 (239
HINK I

In presenting these facilities, we do not suggest that you therefore consider using GenStat for the
data entry and checking phase. But their existence can be useful in discussions with the suppliers of
the data, on what checks were made, when they were entered.

In Part 2 of this guide we described some of the steps that are often needed to get your data into
shape for the analysis. It is important to allow sufficient time for this initial data manipulation stage. If
the data manipulation is to be done on a routine basis for many stations then it will sometimes be
more efficient to use commands, as described in Chapter 16, rather than just the menus and
dialogues.

In Chapter 7 we also illustrated some exploratory graphs that can be used to check the data. This is
different from the data entry checks described above. The data may be transcribed correctly, but still
be an odd value.
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Sometimes we find the large volume of the raw data overwhelms users. So they summarise the data,
or (worse) they only start with the summary data. Checking for oddities should be done at every
stage, so we are happy that summary values are sensible. But when they are not, we need to be able
to return to the raw data to see where the problems have arisen.

It is also useful to consider what can be checked on the raw data directly. It is also important to
consider checks in relation to the specific objectives of the analysis. For example if the study includes
looking at the occurrence of dry spells, their occurrence is particularly sensitive to the recording of
small rainfall amounts. Typically some observers are more conscientious than others in recording
small rainfalls, say those that are less than 1mm. If the analysis is sensitive to this aspect, then this
aspect should be checked.

We illustrate with the Zimbabwe data. As an example, the first step, with the active cell in the rainfall
column, is to use Spread = Calculate = Code to Groups. This gives the dialogue in Fig. 18.2h.
With the limits we have chosen there, we see there were 1503 days with 5mm rainfall or more, and so
on.

Fig. 18.2h Checking the data prior to a dry-spells analysis

™ Code to Groups Column Rain

0K | Cancel | Rezet | =Ranges | = Countz | Help |
Groups Column Mame: |F|aingr|:l |
MNurmber of Groups: [4 |

v Limits are Lower boundaries

Break Points |0 Lewels |0 Labels Counts =
< 0.05 1|Dry 14888
0.05 2(0.05-0.15 793
0.95 3(0.95 -4.95 1014

4.95 4|>=1.95 1503 n

1 [ » -

Now use the Stats = Summary Statistics = Frequency Tables dialogue, as shown in Fig. 18.2i.

Fig. 18.2i Stats = Summary Statistics = Frequency Tables

= Frequency Tables EJ |E|E|

Available Data: Groups:

[ray “Y'ear J

hd anth Raingrp
i

“rear
numday

rumday] Wheights:

Options
[v Digplay table as percentage of |Year j margin
[ SetMargin

[ Save frequencies |

[v Digplay frequencies in spreadshest

Multiple-Rezponsze Tables »» |

IE J ﬂ Run | Cahiel | Defaults |
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This gives the percentages of values in each group for each year, as shown in Fig. 18.2j. The final
column in this table gives the count in each year. We see that there are 365 values, with 366 in leap
years. That is comforting! Overall the bottom line indicates that 82% of the 18198 days were dry, and
4% had rain of less than 1mm. Looking at the individual years does not give any cause for concern.

Fig. 18.2] Percentages of days each year in different rain groups

preadsheet [Boo 5 ahle D L]

Row !Ye.ir Dry| 0.05 - 0.15| 0.95 - 4.95| == 4.95 | Margin +
40 1990 85 4 4 7 365] |~
41 1991 85 4 3 8 365
4z 1992| 86 2 4 7 366
43 1993 81 3 6 8 365
44 1994| 90 4 2 4 365
45 1995 85 3 3 7 365
a6 1996 79 4 8 10 366
47 1997 81 4 3 10 365
45 1998| 84 2 7 365
49 1999 | 84 4 3 365
50 20000 78 4 6 12 366
51 2001 73 2 10 16 120
cz|Margin| 82 4 6 8| 18198 -

Hicd 4 [ v

The next step would be to look in more detail, probably by omitting the dry days, and looking at the
important months in the year. Some of the results could be displayed in graphical form.

These checks do not take long. It takes longer to decide on the appropriate action when there are
problems. But this is nowhere near as long as the time that is wasted if the analysis is done first, and
then some problems are found.

As a second example we show a trellis plot of the maximum and minimum temperatures for the daily
data from Bulawayo (Zimbabwe) in Fig. 18.2k. This is designed more for the screen than the printer.
This can be done using Graphics = Trellis and completing the dialogue as shown in Fig. 18.2I.

Fig 18.2| Graphics = Trellis

Trellis Plot - Data X

kethod for plotting: | Scatter Plot j

Select the data to be platted [or enter hame and press return)

Select v alues: Select Scatter Method:
Minternp j |Line j
Data currently selected faor plotting

W alles: bk ethod: A alues;
M axter Lirue nurndagjan j

Groupsz far Frames:

Groups within Frames:

| =
ﬂ ﬂ ﬁ Cancel | | et > | Finizh |
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Fig. 18.2k Trellis plot of the daily maximum and minimum temperatures

Max and Min Daily Temperatures

Year 1951 Year 1952 Year 1953 Year 1354 Year 19535 Year 1956 Year 1957

WW; R W; T e

Year 1958 Year 1964 Year 1960 Year 1961 Year 1962 Year 1963 Year 1964

% it T TR et e

1 ] H ] 1 H 1 1 ] H 1 1 1 H ] 1 H 1 1 ]

Year 1965 Year 1966 ‘Yaar 1967 Yaar 19368 Year 19609 Yaar 1970 Yaar 1971

W?Wfl il |WWI| |

Year 1972 Year 1973 Year 1974 Year 1975 ear 1976 Year 1977 Year 1978

YWaar 1973 Year 1980 ‘Yoar 1981 Yeoar 1382 Wear 1983 Yoar 1984 Yaar 1385

Year 1986 Year 1087 Year 189838 Year 1984 Year 1990 Mear 1961 Year 1992

e : " : Dl WO e

| 1 1 | . 1 1 B | 1 ud 1 | B 1 1 B | 1 1 ud 1 1 |

Year 1883 Year 1954 Yaar 1995 Year 195G Year 1987 Year 1888 Yoar 1359

If there are particular years or days that need closer inspection, then you can zoom in on parts of the

plot, using the slider: J 1020% which can be found in the top right corner of

the Graphics Viewer. We have zoomed in on the plot for 1967, as shown in Fig. 18.2m.

Fig. 18.2m One year from Fig. 18.2j in more detail

Year 1967
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18.3 ODBC

Climatic data, with the associated meta-data, such as the station name and location, are usually kept
in a database. This is often for many stations and hence each analysis is usually on a subset of the
data in the database.

Most statistics packages, including GenStat, can connect to a database and extract the data that are
needed using ODBC (Open Database Connectivity).

We illustrate using data from an Excel file. The process is similar for data from a database.

You can choose to load the data directly into the GenStat server, or into a GenStat spreadsheet. We
choose a spreadsheet, and therefore started with Spread = New = ODBC Data Query, see Fig
18.3a.

Fig. 18.3a Starting an ODBC data query
Slj=FnM Graphics  Stats  Tools  Window  Help

Mew I Create, .. Chrl+F10
Daka in Genstat. .. Shift+F10
CDBC Dakta Query., .. Alt+CErl+F10
DOE Link. .. Ckrl+Shift+L
Excel Import Wizard. .. Ckrl+Alt+E

The menu is then as shown in Fig. 18.3b (Note: The actual list of data sources that appears depends
on what has been set up or installed on your computer). We ask for Machine Data Source and state
that we will use an Excel file. We then click on OK.

Fig. 18.3b Specifying our data are in an Excel file

Select Data Source

File Data Source  Machine Data Source

Data Source Mame Type Dezcription
dBASE Files |dzer
|dzer
M5 Accezs Databaze zer
Yisual FoxPro D atabaze |dzer
Wizial FoxPro Tables Uzer

Mew...

& Machine Data Source iz specific ta thiz machine, and cannot be shared,
"Uszer" data zources are specific to a user on this machine. "'Spstem” data
zources can be used by all users an this machine, or by a system-wide service.

(] 4 | Cancel Help

If you do not find Excel in the list (Fig. 18.3b) on your machine, select Machine Data Source click
on New (Fig. 18.3b), rather than OK. Select User Data Source and click Next, Fig. 18.3c. Now
select Microsoft Excel Driver (*.xIs). Click Next, then Finish. Then continue with the importing.

We now specify the file, Fig. 18.3c, and choose the monthly data we used in Chapter 7
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Fig. 18.3c Choosing the file

Select Workbook El
[ atabase Mame Directaories:
|genrain.:-:ls zh. Ndatasets

= Cancel
N
[= Genstat_resources Hel
[= GenstatClimaticG Qp

Gwimanol1.xls ) B datasets [ Read Only
Gwimanol 2.xlz
Gwirmano] 3.xlz
GwitMAaN03=LS b

Copy of tutall xls
G abiel <1z

[

Lizt Filez of Type: Dirives:

Excel Files [xk"l | | BEl = \vsrpc200AShan v | Metwork.

Fig 18.3d Specifying the variables to input

ODBC Data Query - Select Data

Select the columnz o nchude in pour query.
Table:
TABLE: GenStat Data$’ |
Ayailable Columnsz: Selected Columing:
M Year ~ Year
N dan T Jan
M: Feb Feb
M Mar tdar
M Apr - &
M bl ay P ap
M dun Jun
Rzl Jul
N: Aug B &g
M: Sep Sep
M Ot b’ MNeit
| SelectAll Clear
Help | Mext > | Cancel |

Itis at this point, Fig. 18.3d that we see the distinction between the importing from Excel that we have
done earlier, and the use of the ODBC facility. We can now choose which of the columns we wish to
import. In this case we choose all of them.
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Fig. 18.3e A subset of the rows (or cases) can be chosen

ODBC Data Query - Filter, Data using Where statement

Filter the data to zpecify which rows toinclude in your quern,.

It yau don't want to filter the data, click Mest.

Only inchude rowves Where:

‘Year »= 1960

Available Caolumms: Available Functions: Operators:
A | | Abzalute valuex) Less than < e
Jan Arccosingx)] Greater than »
Feb Arczine(H) Lesz or equal to
kar M| Arctanx)

Help < Back

| Mest = | Cancel

We are then asked which rows to include, Fig. 18.3e. As an example, we choose to import only those
for years from 1960. Then we have the final query, on whether we wish to continue with the import, or

save the code that we have generated through this query.

Fig. 18.3f The final step

ODBC Data Query - Finish
What do you want bo do next?
" Run the SOL Query
" “iew or Edit the SOL Guery
" Save the SOL Guery, but do not run the Guery
" Yiew and Save the SOL Guery, but do not run the Guery

[ Save the Query when sucoessfully completed in a GDB file

Add to Book

e

|New Book,

[ Setas Active Sheet

Help |

< Back | Finish |

=

Cancel |

In Fig. 18.3f we click on Finish and the data are imported.

18.4 Software

This guide is deliberately called “Analysing Climatic data” with “using GenStat for Windows” as the
afterthought. Our emphasis is on the analysis, rather than the particular software. In this section we
outline the decisions on software that individuals and organizations might make, when analysing climatic
data as a part of their work. We limit ourselves primarily to decisions concerning statistical software.
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The authors of this guide have no commercial interest in GenStat. Our centre uses many statistics
packages. We produce only one package ourselves, and that is called Instat+%*. It is available free to
all individuals. It is currently the only general statistics package that includes a special menu and
guide for the analysis of climatic data.

We still think that many users will wish to continue with Instat+ for some of their statistical analyses of
their climatic data. However, Instat+ is intended as an introductory package, and some users will
need statistical software that is more powerful, for some of their applications.

Before statistics packages were in Windows, they were command driven. So you had to learn the
language to be able to use the software. This was a considerable effort, and hence users often
limited themselves to a single package. The ease of use of modern statistics packages has changed
all that. Cost apart, you no longer need to use a single package, but can consider the best mix for
your work.

Some users are content with a spreadsheet for their statistical work. For most applications, the
analysis of climatic data benefits from the addition of a statistics package. This does not mean that
you have to stop using the spreadsheet. You can add the statistics package to your spreadsheet use.

Another recent development is the ease with which statistics packages read data in different formats,
and also are able to transfer data between different packages. We saw the use of ODBC in the last
section, and all common statistics packages read data from Excel. Most also write back to Excel, so
you can return to a spreadsheet, perhaps to draw some presentation graphs.

Having decided that climatic analyses could benefit from the accessibility of a powerful statistics
package, we describe below the criteria that made us choose GenStat. But there is healthy
competition in the statistics package market. We hope that some readers might disagree with our
choice. Then perhaps they will produce a guide for the analysis of climatic data using an alternative
package. This will help users, and also encourage the suppliers to keep improving their products.

SAS, SPSS, Systat, S-PLUS, R and Stata, see Fig. 18.4a, are among the other statistics packages that
you might consider. For those who currently use a statistics package, the same argument applies as for
Excel users. This need not be a competition between packages. If facilities in this guide would add to
what you do currently, then you could add GenStat to your repertoire. This does not mean that you need
to drop your current package. There are, of course, issues of cost and of support. We comment briefly
on cost below and discuss issues of support for the different packages in Chapter 18.5.

Fig. 18.4a Information on some statistics packages

Package Key features (all include comprehensive statistical methods)

SAS Industry standard. Comprehensive facilities for both data management and
analysis. Provided in modular form, so you need to decide which components

WWW.sas.com .
E— you need. Annual licence.

SPSS The other giant among the statistics packages. Simple to use. Modular.
Popular for processing survey data. Annual licence.

WWW.SPSS.com

Stata New comprehensive graphics and also menus in Version 10. Comprehensive

www.stat.com

language. Many libraries of procedures. Purchased.

Systat

www.systat.com

Excellent graphics. Already currently used by many Met Services for statistics
involved in seasonal forecasting. Purchased.

S-Plus

www.insightful.co
m

Modern object-orientated language based on S. Popular development tool for
modern statistical methods. Excellent graphics. Purchased.

R

WwWWw.r-project.org

Modern language, based on S. Popular development tool for modern methods.
Commands only, but keep checking. Open source software.

* We also produce an Excel add-in called SSC-Stat, which adds to the statistical facilities and
encourages good statistical practice when using Excel.
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Faced with the packages listed in Fig, 18.4a, and others, what criteria did we use to suggest writing
this guide for GenStat? Some of the reasons below reflect our interests in having software that is
available and sustainable in developing countries.

Cost and sustainability. We wanted software that was modestly priced, and also that could be
bought, rather than requiring an annual rental. While the rental is sometimes useful in providing
automatic support and upgrades, it also means that some countries find it hard to sustain using the
software, if external support stops. Some users maintain there are no funds for software. We did not
restrict ourselves to free software, because most users seem to find funds for conferences and
training. Some of the packages above, including GenStat, are no more than a typical air fare, so
having software is more a question of priorities, than funds.

Ease of use. Most of our users are not statisticians, and would use the software only occasionally.
So we felt that the package must include a comprehensive menu system.

Inclusion of required facilities and/or responsive development team. We did not find the
facilities we needed in any of the packages. For example few packages included the statistics of
extremes, see Chapter 15.2 and 15.3, or facilities to process circular data, Chapter 15.4 and 15.5. S-
Plus and R, would have been acceptable if we had not required menus. We were grateful that the
GenStat development team undertook to add the commands for both topics, and include them in the
menu system. When we began our investigation of GenStat we found the menus and graphics for the
multivariate analysis, Chapter 14, left much to be desired. Our first draft of Chapter 14 was sent to
the development team with 17 suggested improvements. Some were added in a previous version,
and were incorporated in the revised chapter.

Promotion of good statistical practice. While no statistics package promotes bad statistical
practice, some are more active than others in actively promoting good statistical practice. For
GenStat this is partly the sense of responsibility felt by the development team, in coming from the
home of R. A. Fisher! In this guide an example of the “good practice” is seen in Chapter 11 on
regression and Chapter 13 on the generalized linear models. One aspect is the consistent use of
factor columns for including categorical data in general regression models. For example we find that
some statistical packages have many routines for stepwise regression models, but they are
commonly misused partly because they only apply if the models do not include factors.

Useful for related applications. In agricultural research, GenStat is an obvious package for the
analysis of experimental data. We would like to encourage more integration between the agricultural
and climatic communities, and using the same software seems a useful aspect.

Powerful language capabilities. It is important that users can add further capabilities to the
statistical software, as described in Section 16.5. We consider that the facility to write procedures
that extend the GenStat language, see Section 16.5.4 is important.

Links to other software. A recent addition to GenStat is the links to R and WinBUGS, as mentioned in
Sections 15.3 and 16.5.5. This means that it is possible to use the facilities that are available in all three
packages, which widens the scope of GenStat, significantly. The fact that it is compatible with other
programs means that GenStat can be used to carry out more types of analyses than other packages.

Custom menus and dialogues. Less experienced users struggle with commands. The facility to add
custom menus and dialogues (see Section 16.5.5) makes custom procedures accessible and easier
to use. In combination with the links to other software, it makes GenStat very flexible and allows the
user to perform virtually any calculation or data analysis that is required.

As mentioned earlier, if anyone feels there is a better package, then we invite them to produce an
equivalent guide. Users will benefit.

Some users have special packages for statistical applications, either in addition, or instead of the
general statistics packages, such as GenStat. For example database packages for storing
hydrological data often include facilities for their subsequent analysis.

Software is also often used for applications where the data could subsequently be processed using a
statistical package. Examples include water balance models, such as CropWat,
(http://www.fao.org/nr/water/infores_databases_cropwat.html) or crop simulation models, like DSSAT
(http://www.icasa.net/dssat/) or APSIM (http://www.apsim.info/apsim/default.asp).
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There are also some specialized statistics packages. For example for modeling extremes there is a
package called Xtremes (http://www.xtremes.de/extremwertanalyse eng.shtml). Alternatively, there is
the R package extRemes, which was mentioned at the end of Section 15.3.

The facilities for analysis in these packages compete for your time with the facilities offered by the
general statistics packages. Until recently part of the case for more specialized packages was a
combination of the non-statistical facilities they offer, like crop modeling, plus the automatic
calculation of results. The first part will remain. We anticipate that more users will start using these
packages in conjunction with a general statistics package to process the output. We will be interested
to follow the situation with specialist software that competes directly with the general statistical
packages. Some will add attractively to the competition. Others may find it hard to provide the
upgrades, new facilities, and availability on new computers that users will demand.

Users should be wary of software, even if free, if it has no upgrade path. Some software that is free
in direct cost may be expensive in demands on your time, perhaps on a training course, if the
package does not add to your software strategy.

18.5 Users

Staff and organizations should have a strategy for statistical software and applications. An example
of a strategy for statistical software is given by the University of Nairobi, on
(http://www.ssc.rdg.ac.uk/bucs/Software Strategy in_an_Agriculture Faculty.pdf). Avoiding a
strategy often results in time being wasted on pointless training, and on practicing applications that
use inappropriate software.

For climatic applications the strategy may be personal, or by an individual Met Service, or a University
department, or by regional support centers.

In suggesting a strategy we do not wish to stifle change: quite the opposite. For example if you
request training, or someone proposes training, linked to new software, then it will be useful to relate
this development to your existing strategy. Then, part of the case is an explanation of how the new
software or skills will enhance the strategy.

In the past there has been regular demand for training in statistics. Sometimes courses that purport
to train in statistics are diverted into teaching users how to master the statistical software. We find
that this phase is largely over. This is because of the improved computing skills of users, combined
with the ease of use of modern statistics packages. Typically we find a course that uses GenStat
requires only a single session to teach the use of the software, rather than the statistics. Later
sessions give more experience in the software, but the main emphasis can be on the statistical ideas.

This development has permitted short in-service courses to be much more effective.

However this ease of use is largely restricted to the use of the menus and dialogues in modern
statistics packages. More time is needed on the software if users are required to master some of the
language. We explained the value of knowing something of the commands in GenStat in Chapter 16.
As part of their strategy, we encourage organizations and individuals to define how staff will acquire
different levels of expertise.

As an example we compare the typical use of database and spreadsheet software in an organization.
Usually just a few people are required to master database software, so they can design the
databases used by the organization. The remaining staff may use these databases, but would not be
expected to be part of the design phase.

In contrast we often find organizations have no strategy in supporting staff in their use of
spreadsheets. They are so easy that their use is a “free-for-all’. This often contributes to staff
wasting time on ineffective use of the spreadsheet software, because there is no one to advise on
efficient use. It would often save time if a few users became “experts” in the use of a spreadsheet,
and were then able to help others, where needed. With Excel this might extend to one or two people
learning some of the “command language”, called VBA, so they can tailor Excel's capabilities to the
precise needs of the organization. This also applies to other commonly used software. For example
more use of styles, templates, outlines and even master documents, might support effective use of
Microsoft Word and PowerPoint.
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