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Abstract

EasyGrapher is a graphical display and statistical validation program designed for the decision
support system for agro-technology transfer (DSSAT) suite of models. EasyGrapher can expedite
validation of DSSAT output, which normally requires considerable time and effort to export output
data into external statistical packages. It allows users to create validation graphs, displaying simulated
data against ground-truth data and calculate validation statistics such as root mean square error,mean
error, forecasting efficiency and pairedt-tests. It operates under Microsoft Windows, is free of charge,
and is available as part of a distribution toolkit with DSSAT v4.0.
Crown Copyright © 2004 Published by Elsevier B.V. All rights reserved.
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1. Introduction

Simulation models are widely used in crop production studies, environmental assessment
projects, and soil and landscape evaluation exercises. However, interpretation and visual-
ization of the diverse range of agricultural model outputs is time-consuming. In addition,
comparison of simulated and measured data usually requires the use of an external software
program to calculatestatistics (Garrison et al., 1999; Greenwood et al., 1996; Yang et al.,
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2000). This can be a daunting task when up to a thousand output data files need to be graphed
and compared. EasyGrapher is designed to facilitate data visualization and statistical com-
parison, and to present simulation model output, especially for the DSSAT (Hoogenboom
et al., 2004) suite of models. The aim of this paper is to: (i) introduce EasyGrapher; (ii)
show how EasyGrapher presents DSSAT output; and (iii) discuss validation statistics and
explain their power.

2. Program design

EasyGrapher is written using Microsoft Visual Basic1 (v6) and has been tested for Win-
dows 95/98/2000/NT/XP and for Microsoft Excel1 97/2000/2002. It functions through a
group of data handling routines, which automatically call a Microsoft Excel application to
perform the data graphing tasks. DSSAT output is read by a read-data routine, the program
opens an Excel application and the data are placed in the Excel sheet. A measured-data
file is then opened and the data are read to the spreadsheet. A statistical routine is invoked
to compare the simulated data with the measured data and to calculate statistics. When
the statistical calculations are finished, graphing routines are called sequentially to draw
different types of graphs according to variables selected in the “select variable” dialog (see
below). As a final step, validation statistics are read to Excel, and graphs are reformatted
and copied to new sheets for viewing and printing (see below for details).

User interface dialogs are available to open files, select graph variables and view output.
The main dialog is “select variable” and it allows users to selectX- andY-axis variables
and specify simulation runs (Fig. 1). Warnings appear on screen when necessary and a
help menu can be invoked via a menu item or by pressing “F1” on the keyboard. The help
menu and system support files can be automatically installed from the EasyGrapher set up
program.

3. Data standards

3.1. Data input

EasyGrapher is designed to use DSSAT data standards. When the program runs, three
types of files from the DSSAT model are used as input files for EasyGrapher: (1) the DSSAT
output file, (2) a measured data file, and (3) a file that associates data header labels with
output variable names (DATA.CDE). For example, LWAD is a header label for “leaf weight
(kg dm/ha)”. For DSSAT data format and data standards see (Tsuji et al., 1994). If the
DATA.CDE has not been created or is not found, data-file header labels are used as graph
labels.

EasyGrapher keys in on four pieces of information to graph DSSAT data files.
The four keywords are underlined in the following excerpt from DSSAT v4 output.

1 The use of trade names does not constitute endorsement.
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Fig. 1. The “Select Variable” dialog of EasyGrapher.Y-axis variables that can be selected are a function of RUN
numbers, with a maximum of 12 variables. TheX-axis can be set to any output variable, and the default time is in
yyddd format. There is no limit on the selection of RUNs.

EasyGrapher first searches for a run number (e.g. ‘*RUN 1’), then for a measured data
file name (e.g. ‘UFGA7801 SB’), and then for an @ symbol. The @ symbol is the first
character of the data-headers line in DSSAT, and EasyGrapher assumes that the following
terms in this line are headers and that each header ends with one or more spaces. The search
routine then assumes that lines following the header line contain the data.

In order to match DSSAT v4 data standards and to account for variations in DSSAT
output and measured data formats, the following protocols apply:

3.1.1. Open file
When EasyGrapher begins, available DSSAT crop folders are shown as defaults in

a dialogue box. These are used to select the ‘CROP’ sub-folder and the related out-
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put files (*.out). Measured data files must reside in the same directory as the output
files.

3.1.2. Selecting variables for graphing
EasyGrapher displays all runs and output variables (headers) in the ‘select variable’

interface (Fig. 1), and any output variable can be used for theX- andY-axis in the graph.
For each run of EasyGrapher, only one variable can be selected for theX-axis (the default is
time), while up to 12 variables can be selected for theY-axis (in this case, 12 graphs drawn).
There is no limitation on the selection of runs.

3.1.3. Date records and missing values
When reading data, EasyGrapher interprets data headers in the selected run as the names

ofY-variables. After reading the header line, the program reads each data line, and sets each
value to its correspondingY-variable from left to right. There is no limitation on the number
of data rows/records, but the maximum number of header/data columns is set at 100 in the
current version. The program assumes that “.”, “−99.0”, “−999”, “****”, “*****.**” are
all missing values. When a missing value is encountered, it is set to a null string.

4. Graph examples

EasyGrapher can graph measured data and simulated data in one time-course graph. Un-
der this type of application, EasyGrapher searches for measured data and sorts it according
to the headers for the simulated data. This type of graph is widely used in model validation
processes, as it provides a means of visualizing the goodness of fit between simulated and
measured data over time. Outliers (unusual data) can be identified easily from the graph.
Leaf area index and grain weight of soybean from a 1981 experiment are displayed inFig. 2a
and b.

EasyGrapher can graph measured data against simulated data, known as a validation-
graph orXY-graph (Fig. 3). Validation graphs are useful to illustrate the goodness of fit
between simulated and measured data in general. Validation graphs between the measured
and simulated leaf area index and grain weight of soybean from a 1981 experiment are
displayed inFig. 3a and b.

Robust testing and validation of simulation models requires the calculation of a variety
of test statistics. Preparing data for statistical packages and running those analyses can
often be time consuming. Validation statistics are an important feature of EasyGrapher,
and are designed to perform a variety of calculations that are used frequently by modelers.
Generally, when graphing simulated data against measured data, an overall validation-graph
is created for each variable, a 1:1 line is added and a regression line, a paired-t and several
difference statistics are calculated.

Difference statistics have been developed to testdi= yi– xi , (wheredi is the difference
betweenyi andxi, the measured and simulated values for theith measurement) directly
without considering data assumptions and transformations. A detailed discussion of dif-
ference statistics can be found elsewhere (e.g.,Yang et al., 2000); here we focus on six of
them: root of mean squared error (RMSE), mean error(E or ME), mean of absolute error
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Fig. 2. Time-course graphs with measured and simulated data for (a) leaf area index (LAI) and (b) grain weight (GRAIN WT).
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Fig. 3. Validation-graphs and statistics for (a) leaf area index (LAI) and (b) grain weight (GRAIN WT).

(MAE), forecasting efficiency (EF), modified forecasting efficiency (EF1), and coefficient
of error (C). These statistics, calculated by EasyGrapher, are defined as:

RMSE =
√∑

(yi − xi)2

n
(1)

E =
∑

(yi − xi)

n
(2)

MAE =
∑ |yi − xi|

n
(3)

EF = 1 −
∑

(yi − xi)2∑
(yi − ȳ)2

(4)

EF1 = 1 −
∑ |yi − xi|∑ |yi − ȳ| (5)

C =
∑ |yi − xi|

n/ȳ
= MAE

ȳ
(6)

Each of these statistics has particular uses and limitations.RMSE(also referred to as root
mean square of deviation) has been used to validate simulation models, including DSSAT
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(Kobayashi and Salam, 2000; Hoogenboom et al., 1999). Mean error (also termed mean
difference) (Garrison et al., 1999) is used to identify whether model predictions tend to over
or under-estimate results compared to measured data. Since positive and negative errors
can negate each other in the mean error, the mean of absolute error (MAE) is often used
as an alternative (e.g.Willmott et al., 1985). RMSE, E,andMAE are used as measures of
accuracy for simulated outputs.EF is a relative measure of error used by many researchers
(e.g.Loague and Green, 1991; Loague and Freeze, 1985). Yang et al. (2000)compared a
group of statistics for model validation, and defined another function,EF1, as an alternative
to EF because the sum of squares inEF tends to enlarge the real differences, where|EF1|
≤ |EF|. C is another relative average measure of absolute difference which is expressed as
a proportion of the mean of the measured variable (Klepper and Rouse, 1991). Fig. 3shows
XY-graphs of experimental results with five validation statistics.

5. General discussion

EasyGrapher v1.0 is designed to graph time-series outputs or data structures simi-
lar to time-series outputs, but not summary outputs such as DSSAT’s summary.out or
overview.out, and it cannot be used to draw bar graphs or surface contour graphs. However,
EasyGrapher can be used for graphical and statistical validation of DSSAT output within
minutes and can graph simulated data without measured data. In the latter case, it can show
differences in state-variables. It provides DSSAT users with a handy tool for model valida-
tion and statistical analysis. For these reasons it has been accepted as a tool of the DSSAT
v4.0 program and will be distributed with DSSAT v4.0 free of charge. The program has also
been tested satisfactorily on output from DSSAT v3.5. It will be available in the near future
for downloading from the ‘Tool Kit’ of ICASA’s website at:http://www.icasa.net/dssat/.

EasyGrapher can also be used to graph output data from other models, if the model
source code can be accessed in order to modify output data files (or the output files can
be post-processed). EasyGrapher was used successfully to graph output from a Canadian
Agricultural Nitrogen Budget (CANB) model (Yang et al., 2003) and from a plant nitrogen
balance simulation model in Germany (Kersebaum and Beblik, 2001). Theoretically, Easy-
Grapher can be used to graph any dataset from field or lab experiments as long as the data
are edited or formatted as DSSAT output. Detailed instructions on this topic can be found
in the help menu, which accompanies the program. In addition, the program has been suc-
cessfully tested in a number of languages that Windows and MS Excel support. Currently, it
can be obtained by e-mail from the corresponding author, and it is recommended that users
update EasyGrapher regularly.
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