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Abstract – A tool has been designed to calculate the leaching potential of pesticide on a catchment scale using the one-dimensional pesticide
leaching model MACRO. The tool is able to collect the input data of the study area in a grid with homogeneous cells and prepare spatially
distributed data required by MACRO. Successively, the tool can run multiple MACRO simulations for each cell of the grid and organise output
reports following the user’s preference, as well as generate output files compatible with GIS and other environmental software applications.
The tool was tested to simulate the behaviour in the unsaturated zone of water and pesticide isoproturon used on winter wheat at 1.75 kg ha–1

of active ingredient in a German study area for 10 years of meteorological data and for different crop-soil combinations. Maps of isoproturon
concentration in the liquid phase were created using the spatialised output data from the tool.
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1. INTRODUCTION

Potential groundwater contamination may be defined as the
possibility that a given fraction of pesticide application reaches
the water table, the effective contamination depending on the
meteorological conditions following the application data. The
measurement of pesticide concentrations in groundwater is
laborious and costly (Cohen et al., 1984; Weber and Miller,
1989); this is why in recent years a number of Pesticide Fate
Models (PFMs) have been developed to predict the fate of pes-
ticides in soil and water (FOCUS, 1995). These models have
been standardised as regards the registration procedures of new
chemicals, the screening tests for pesticide selection in differ-
ent pedo-climatic conditions and the implementation of Geo-
graphic Information Systems. Groundwater vulnerability to
contamination depends on the various physical, chemical and
biological processes that determine the environmental fate of
pesticide. The rate and importance of each of these processes
are strongly affected by various space- and time-dependent
environmental factors (soil, weather and crop) and the proper-
ties of the pesticide itself. For this reason spatialisation of

1D models is needed in order to simulate the behaviour of pes-
ticide on a regional scale, taking into account the spatial vari-
ability of some parameters. Some experiments on this issue are
reported in the literature (Tiktak et al., 2002). In the European
Project PEGASE (Pesticides in European Groundwaters:
detailed study of representative Aquifers and Simulation of
possible Evolution scenarios) a strategy to simulate contami-
nants’ fate in the unsaturated and saturated zones is under devel-
opment (Mouvet et al., 2001). In this area our group is mainly
involved in the development of tools dedicated to the modelling
of pesticide fate from the topsoil compartment up to and into
the aquifer.

The paper refers to the realisation of a computerized tool
which allows the simulation of pesticide fate in the unsaturated
zone on a catchment scale. To obtain this, the spatialisation of
the 1D unsaturated zone model MACRO was carried out, and
the final product should be able to simulate the spatial-variable
movement of pesticides in the unsaturated zone. This tool was
used to simulate the behaviour of water and the pesticide iso-
proturon in a German catchment.
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2. MATERIALS AND METHODS

2.1. Model

MACRO is a physically-based preferential flow model that
can be used to describe water and solute transport in a variety
of soil types. The total soil porosity is divided into two flow
domains (macropores and micropores), each characterised by
a flow rate and solute concentration (Jarvis, 1994). Crop devel-
opment is based on a simple model which uses dates for emer-
gence, maximum leaf area and harvest. Pesticide degradation
is modelled using first-order kinetics. Degradation half-lives
need to be specified for the solid and liquid phases of the macro-
pores and micropores, and may be adjusted for temperature and
moisture effects. Sorption is assumed to be at instantaneous
equilibrium and to be described by a Freundlich isotherm.
MACRO was selected because of its wide diffusion as a vali-
dated model useful for pesticide fate simulation in the unsatu-
rated zone (Jarvis et al., 1995; Besien et al., 1997; Larsson et al.,
1999) and is one of the four models selected by the EU for
pesticide registration procedures (FOCUS, 1995). MACRO
Version 4.3 was used for the current paper.

2.2. Tool

A tool was created using the data sheet MS Excel with the
programming language Visual Basic for Application. It is
structured in a series of MS Excel sheets in which the user can
easily input the scenario data required by MACRO. Each sce-
nario can contain at the most 65 500 cells. 

The tool is able to do the following: divide the study area
into a grid with homogeneous cells, prepare spatially distributed
data required by MACRO, and prepare MACRO input data
files for each cell of the grid. Successively, the tool can run mul-
tiple MACRO simulations for each cell of the grid and organise
output reports following the user’s preference as well as

generate output files compatible with GIS and other environ-
mental software applications.

2.3. Site

The Zwischenscholle test area is a 25-km2 field located in
Jülich, North Rhine – Westfalia (Germany). The area is char-
acterised by forest and agricultural land use. A grid was estab-
lished over the field using cells 200 m × 200 m, with a total of
14 columns and 36 rows. The soil consists of a variable horizon
of Pseudogley followed by alternate layers of gravel and sand.
A schematic subdivision of areas into four types of soil was
done for simulation purposes. The spatial distribution of the
four soils is shown in Figure 1, while in Table I the main prop-
erties of the four soil horizons are reported.

The main crop is sugar beet with an annual turning of winter
wheat, winter barley and winter rye. An estimated fraction of

Figure 1. Spatial distribution and horizon depth of the four representative soil profiles.

Table I. Main properties of the four soil horizons considered in the
study.

soil horizon sand clay C org. Ks

cm % % % mm h1

Forest 0–6 9.5 12 4.24 3.08

6–100 43.5 19 0.20 7.00

Agr1 0–22.5 10.5 11 1.70 3.33

22.5–50 11.5 10 0.80 1.33

50–185 12.5 21 0.10 0.71

Agr2 0–20 8.5 13 2.30 2.04

20–120 43.5 19 0.20 4.58

Agr3 0–25 60 14 1.20 57.33

25–35 66.5 10 0.20 37.13
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crop distribution was used for the calculation of the random
spatial distribution. This distribution was used for the model-
ling procedure, creating a map of distribution for each year of
the simulation. 

2.4. Modelling exercise

The modelling exercise was conducted for the unsaturated
zone. The tool linked with the MACRO model was used to sim-
ulate the behaviour of water and the pesticide isoproturon used
on winter wheat at 1.75 kg ha–1 of active ingredient in the
Zwischenscholle site for 10 years of meteorological data and
for each crop-soil combination. Simulations were performed
for the first 2 m of the soil profile. Three representative cells
of the grid (one point for each soil type) were identified to test
the water and pesticide simulations. 

3. RESULT AND DISCUSSION

The spatial schematisation approach used is a modification
of the “unique combination” technique described by Tiktak et al.
(1996). During the first step, the simulated area was divided
into a grid of homogeneous cells (raster representation). Then
the scenario parameters were divided into an adequate number
of classes to represent the variability of the entire area. The
classes refer mainly to soil physical properties, soil profiles,
land use and crop rotation. Therefore, the appropriate class
number was attributed to every cell reproducing a series of map
layers. Moreover, a series of map layers was produced for each
year of simulation to consider crop rotation, since MACRO can
simulate one crop at a time. At the end, a combination of classes
for every cell is obtained, overlapping the different map layers,
and all the cells identified by the same combination are “unique
combination”. The spatialising tool uses a series of MS Excel
sheets in which all the data for the simulations have to be stored
to form a database.

The tool starts to work with a series of thematic sheets to be
filled with the data requested by MACRO. The first step is
the definition of the dimension of the scenario, specifying the
number of cells and the name of the scenario. Afterwards, the
program defines the unique identification (ID cells) for each
cell and inserts these data in each successive sheet. The second
thematic sheet includes data for georeferencing the cells: for
each cell latitude, longitude and altitude a.s.l. need to be spe-
cified. The following sheets request the input for MACRO,
starting with SWITCHES which represent the user options,
specifying what to include or not in the simulation (i.e. irriga-
tion, drains etc.). Switches are divided into two categories:
fixed (i.e. not modifiable) and modifiable. The program then
presents a series of Excel sheets where the input parameters
requested by MACRO have to be inserted. When all input
parameters have been inserted, and the worksheets saved with
specific names, the program comes back to the initial sheet and
the option “Create MACRO input files” is selected, which cre-
ates MACRO input files. This operation is automatically per-
formed by the program. Each file refers to a single cell of the
grid and each has a specific name corresponding to the ID of
the cell. 

Successively, the tool manages the class attribution, the
unique-combination computation and the preparation of parame-
ter files (*.PAR) for the model. After the input file compilation
MACRO executes all the simulations in batch mode. To start
simulations the option “RUN MACRO” in the initial sheet must
be selected. The program will manage the MACRO runs for
each cell of the grid. After all the simulations have been com-
pleted, the option “Extract output data” in the initial sheet must
be selected, which can extract from different output files. This
operation activates a routine which extracts data from the out-
put files of each cell of the grid. The extracted data refer to:
(i) total water content (micropore and macropore); (ii) water
flow rate out of layer from macropores; (iii) water flow rate out
of layer from micropores; (iv) total water storage in micropores
in the whole profile (mm); (v) total water storage in macropores
in the whole profile (mm); (vi) total accumulated percolation
(mm); (vii) solute flow rate out of layer (micropores – mass ×
m2/h); (viii) solute flow rate out of layer (macropores – mass ×
m2/h); (ix) accumulated solute leaching (total for macro- and
micropores) (mass/m2), and (x) accumulated amount of solute
lost in runoff (mass/m2).

At this point the tool assigns the results to every cell, storing
the results in a series of binary files (*.BIN), and creates a plot
file (MACRO Translator) useful for generating plot maps and/
or supplying input to 3D saturated-zone models. The flow dia-
gram of the spatialising tool is described in Figure 2. The tool
described here was used to perform a simulation exercise in the
Zwischenscholle site.

In Figure 3 hydrological balances for three representative
points of the grid for the ten years of simulation are reported
for the cropped soil profile. As can be seen, data are similar for
the three soil types. Actual Evapo-Transpiration (AET) was
4205 mm in Agr1, 4235 mm in Agr2 and 4153 mm in Agr3,
while leaching below 5 m depth was 3084 mm in Agr1, 2588
in Agr 2 and 3027 in Agr 3.

Figure 2. Flow diagram of spatialising tool.
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The time series of isoproturon at 0.5 m depth for three points
of the map is shown in Figure 4. As can be seen, peaks of
concentration are strictly near the date of treatment and the
movement was more pronounced in soil 3, where gravel is
present under 30 cm depth and pesticide and water can move
easily and rapidly.

Maps of isoproturon concentration (µg L–1) in the liquid
phase at 1 m depth after 1 and 5 years are reported in Figure 5.
The maps of concentration obtained show that only a small pro-
portion of the pesticide applied reaches 1 m depth and suggest
that the actual hazard for groundwater contamination is very
small in the case studied. However, depending on soil profile
depth and composition, the movement of pesticide shows
noticeable differences in different points of the map.

In conclusion, in this preliminary work the tool created
showed a good reliability in spatialising data and in managing
input/output data. This aspect is important to handle data flux
between MACRO and 3D aquifer models and it allows one to
perform simulations in the unsaturated/saturated zone on a
regional scale.

Acknowledgement: This research was funded by the EU project PEGASE
(Pesticides in European Groundwaters: detailed study of representative Aqui-
fers and Simulation of possible Evolution scenarios); Contract number: EVK1-
CT1999-00028.

Figure 3. Hydrological balances for three representative points of the
grid for the ten years of simulation. AET = Actual Evapo-Transpira-
tion.

Figure 4. Time series of isoproturon concentration at 0.5 m depth for
three representative cells of the grid. 

Figure 5. Concentration maps of isoproturon (µg L–1) at 1 m depth
in the entire area considered at 1 and 5 years of simulation.
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