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NITRATEPOLLUTION RISK ASSESSMENT:
FROM THE MODEL TO THE INDICATOR

A. LACROIX !, F. LAURENT?, D. RUELLAND?, E. SAuBOUA*

ABSTRACT

The diffuse nature of nitrate pollution makes it difficult to evaluate existing or planned
measures to reduce it. Tools have therefore been developed to assess this pollution, ranging
from ssimple indicators to complex models. The aim of this paper is to compare indicators and
models by analysing results obtained from their individual application to the same area. The
pros and cons of each approach are evaluated in terms of both the conditions of their
implementation and the results obtained. This comparison helps to guide the choice of a
methodology. Rules governing that choice are set in relation to the nature of the diagnosis to

perform and the characteristics of the area under study.

INTRODUCTION

Nitrate pollution is a threat to many of Europe’s water resources, particularly in north-western
France. Some sources of drinking water have been abandoned as they no longer meet the
required standards. It is common knowledge that agriculture is the cause of most of this
pollution. However, due to the diffuse nature of the pollution, emissions cannot be imputed
with any precision, neither in space nor in time. This makes it difficult to evaluate current or
planned measures to reduce them. Tools representing emission and nitrate transfer processes,

ranging from simple indicators to more complex models, have therefore been devel oped.

Agri- hydrological simulation models allow precise understanding and representation of nitrate
pollution processes resulting from agricultural activity. The realism of this type of analysis

can, moreover, be validated by comparison with field measurements. However, these models,
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usually necessitating a large amount of data and expertise, cannot be implemented by
decision makers. Indicators have therefore been developed to aleviate these difficulties and
to introduce decision support tools. They are based on a simplified formalism and easily
accessible data. Their reliability is nevertheless debatable since it is difficult to validate them

by pollution measurement.

The aim of this paper is to compare models and indicators by analysing results obtained from
their individual application to the same area. More precisely, it is to evaluate the pros and
cons of each approach in terms of both the conditions of their implementation and the results
obtained, and to compare the effects of the spatio-tempora resolution of the data and the
choice of formalism inherent in each tool. Section 1 examines the conception of different
indicators and models as given in the literature. Section 2 presents the model and the indicator
selected here, as well as the case to which they are applied. Section 3 concerns the results

obtained, and Section 4 considers the conditions of use of each of these tools.

INDICATORSAND MODELSIN THELITERATURE

Although smulation models have been and still are widely published, interest in indicators is
more recent, dating only from the mid-nineties. In fact, their development is an outcome of
the issue of sustainable agriculture. In this perspective, policy-makers (the State,
environmental agencies, professional actors, etc.) have to choose between different pollution
abatement measures and must therefore be able to assess their mid- and long-term effects.
Indicators should enable them to perform diagnoses on wide areas by mobilising commonly-
known data, and to check the extent to which the new objectives assigned to agriculture are

being achieved.

Indicators

With the perspective of identifying the means by which States are able to define and
implement policies for sustainable agriculture at the least cost, the OECD has undertaken the
development of indicators covering 13 fields on the agricultural-environmental interface: use
of nutrients, pesticides and water, land use, quality of the soil and water, biodiversity, etc.
(OECD 1997, 1999, 2001; Parris, 1998; Piorr, 2003). This initiative illustrates how important
indicators have become to decision making onenvironmental issues.

Indicators can be used to present a simple quantitative or qualitative description of complex

phenomena or systems. They may be based on agricultural practices (means-based or efforts-



based) or on the effects of these practices on the environment (effects-based). Moreover, they
may be calculated according to different spatio-tempora scales. on the scale of a field or
catchment area, or that of aday or year.

Most authors propose indicators for nitrate pollution management that are based on the
difference between nitrogen inputs and outputs in the soil system, calculated on an annual
basis. The nitrogen balance (Simon and le Corre, 1992) is calculated on a field scale and
guides the farmer in the use of fertilisers. At farm level, it can be calculated with the
BASCULE method Balance Azotée Spatialisée des systémes de CULture de I'Exploitation
i.e. spatial nitrogen balance of farm crops) (Benoit, 1992). The nitrogen surpluses method
used by the European Environmental Agency is based on simplifying hypotheses and easily
accessible data, and is therefore applicable on a variety of scales. field, farm (Chambres
d Agriculture et al., 1998), municipal or catchment area (Crouzet et al., 1999), region
(Auckenthaler et al., 1999; Hansen, 2000) or country (Pau Val and Vidal, 1999). The
adaptability of this method explains its successful use.

The calculation of nitrogen surplus is useful in the analysis of agricultural systems but
provides no information on their environmental impacts or on transfers of the surplus towards
water sources. The nitrogen index of the AGRO*ECO method (Girardin et al., 1999 and the
Merlin index (AimonMarie et a., 2001) attempt to compensate by measuring nitrogen
leaching below the root zone. These indexes were designed for diagnoses on a field or farm
scale. They are difficult to transpose onto the scale of catchment areas, due to the lack of data
or their acquisition costs (e.g. concerning the measurement of nitrogen residues for each of

the fields concerned) for sucha large geographical area.

Elsewhere, qualitative indicators have been used. They do not yield flow values but can grade
the risk of pollutant transfer by means of scores derived from multicriteria analysis. This
method is suitable for locating problem areas. It has been extensively used to analyse the
vulnerability of groundwater (Aller et a., 1987; Burkart et al., 1999 ; Landreau et a. 1999;
Vrba and Zoporozec, 1994) and to evaluate nitrogen pollution risks (Berka et al., 2001,
Mattikalli and Richards, 1996). It was boosted by the devel opment of Geographic Information
Systems (GIS) which have facilitated spatialised multicriteria analysis (Malczewski, 1999).

Van der Werf and Petit (2002) have demonstrated that effects-based indicators are preferable
to means-based indicators because they provide information as to which measures will best
control pollution. On the other hand, they demand more information than means-based

indicators. These authors also note that quantitative indicators are preferable to quelitative



indicators since i) the scores do not have units of dimension, which makes them difficult to
compare with field observations, and ii) the thresholds and weights attributed to each
dimension analysed cannot be scientifically defined and are, consequently, somewhat

arbitrary.

Finally, Schroder et d. (2004) draw attention to the effects of the various spatio-temporal
scales for which the indicators are calculated. In fact, the choice of scale is decisive, for when
the basic unit increases, compensation effects may appear between highly polluted areas and
those far less polluted, or between peak pollution periods and those of low flow or of pollutant
dilution. This statement on the conditions of indicator use also applies to the implementation

of smulation models.

Simulation models

The dividing line between indicators and models is not entirely clear. Indicators are models,
to a certain extent, in so far as they are smplified representations of a part of the real world.
Yet simulation models have a particular characteristic: they take into account the time
dynamics of processes by representing both the temporal variability and the sequence of
events. A simulation model therefore implies a time-step: the values taken by variables at any

given point in time depend on the values at the preceding points in time.

The literature presents different types of hydrologic models. It is possible to distinguish
between lumped and distributed models, depending on whether they refer to a homogenous
area or take into account the spatial variability of certain data. Within the range of temporal
simulation models, modelling per event (e.g. the effect of heavy rainfall) differs from long-
term continuous modelling. Finally, empirical modelling differs from physical modelling in
that it features only outputs and does not attempt to represent the phenomena by means of

physical laws.

Empirical modelling

Empirical models sometimes yield very good results in the area for which they were designed.
The relationships between inputs and outputs within the system are established solely to
reproduce measured outputs. A type of model frequently applied in the field of nonpoint
pollution consists of the “exportation coefficients’ of nutrients. These coefficients make it

possible to link factors such as different types of crop and/or soil, the efficient rainfall depth,



to the outputs of the catchment area in terms of pollutant flow (Vervier et al., 1999; Wickham
et a., 2000; Worrall and Burt,1999).

The main drawback with these models is that they too often operate as “black boxes’ since
the parameters have little or no measurable redlity. The determination of parameters can be
undertaken only after calibration in relation to the zone under study and for a given
meteorological and land use situation. It is therefore difficult to transpose empirical models
onto unmeasured areas. Moreover, the use of such models to test the impact of changes in
agricultural practices on the quality of the water has proved to be unsatisfactory. Their use in
a dtuation that contrasts sharply with the one on which they were calibrated (e.g. due to
change of climate or farming practices) would require the evaluation of a new set of

parameters.

Physically-based models

The authors of physically-based models aim at representing the processes in question
according to physically established laws. This type of model can therefore be used to
predetermine parameters by means of measurements of the area under study. After calibration
with the spaces measured, the effects of evolving land use and consequently of altered
agricultural practices can be simulated. Coupled with GIS (Geographic Information System)
at different levels of integration (Loague and Corwin, 1998; Pullar and Springer, 2000;
Ruelland, 2004), these models allow the spatialisation of pollutant emission and transfer
phenomena. It is thus possible to classify the areas according to their vulnerability or their
priority for action.

Physically-based models nevertheless have several limits:

- precision of input data: the quality of results depends on the representation of the spatial
variability of the parameters (Merot and Durand, 1997). The large number of calibration
variables in many of these models make them sensitive to the propagation of errors since the
evaluation errors of each variable build up in the calculations (Beven, 1993; Bierkens et al.,
2000). They are therefore difficult to apply to large surfaces for which few measurements are

available.

- representation of connections between the different entities of the landscape: they do not
adequately take into consideration the effect of areas of retention of pollutants (e.g. humid

areas that reduce nitrogen flows).



- sengitivity to the calibrationprocess. these models have to be calibrated on the basis of long
series of measurements of pollution flowing out of catchment areas, including drought years
and high rainfal years so that a sufficiently realistic range of senstivity is included
(Carrubba, 2000).

Some physically-based models nevertheless offer interesting results on the scale of large
catchment areas, because they have been either specifically designed or adapted. Refsgaard et
d. (1999), for example, adapted the MikeShe model to two catchment areas of 500knt and
obtained well-validated results. The NPSM (Nonpoint Source Pollution Model) has been
applied to 1,000 and 2,000kn? catchment areas in the United States with irregular results
(Carruba, 2000). SWAT is another example of the adaptation of these models to large aress.

Indicator / model comparison

Comparison of indicators and models is rarely found in the literature. Haag and
Kaupenjohann (2001) are two of the very few authors to focus on the subject. They criticise
models by showing that they could never faithfully render the variability or heterogeneity of
processes. These authors recommend switching from impact-oriented to risk-oriented
approaches for identifying critical areas. In this respect, methods based on balances and
leaching potentia provide indicators of (un)sustainable management on the landscape scale.
Thus, the integration of simple physical factors (soil, topography and climate) alows the
grading of site-specific risks. This approach is oriented not towards the evaluation of
environmental impacts but rather towards the prevention of imbalances long before they have
been measured.

Rapion and Bordenave (2001) are critical of the use of indicators. They carried out a
comparative test on an indicator and a model applied to three small catchment areas in
Brittany (France). The indicator in this case is the nitrogen balance and he modd is a
hydrologic model derived from GLEAMS. The results of the nitrogen balance method do not
seem to correlate with output flow records, even though the model produces far more
satisfactory results. This can be explained in different ways: i) nitrogen flows below the root
zone are determined by the annual surplus as well as by the mineralisation of the organic
nitrogen pool and the effects of input from previous years; ii) the amount of nitrogen leaching
under a field depends strictly on the amount of mineral nitrogen present in the soil at the
beginning of the drainage season and on the volume of drained water; iii) denitrification is an

important process in this altered basement complex region In the subsurface layers of



cultivated land, denitrification is sufficient to explain the greater part of the difference found

between the mineral nitrogen balance and nitrogen flows in streams.

Accordingly, when expressed, opinions on the use of indicators or models are contradictory.
We therefore consider it useful to compare the advantages and disadvantages of each of these
two tools. For this purpose we have chosen to apply them to a catchment area in the north-
west of France.

METHODSAND DATA

The SWAT moded

SWAT was developed at the USDA Agricultural Research Service (Arnold et al., 1993, 1998,
2000). It was designed to be applied to catchment areas ranging from a few hundred to several
thousand square kilometres. This model is semi-distributed: some parameters are distributed
whereas others are considered globally. It belongs to the group of agri-hydrologic models
since it is intended for the study of agricultural honpoint source pollution and serves to finely
analyse processes linked to soil and vegetation. It serves to estimate flows of nutriments,
pesticides and sediments in the soil, groundwater and surface water, as well as water flow.
The model allows the calculation of input and output flows. These values are used, in turn, for
the calibration and the validation of the model by comparison with measurements. The basic
unit for calculation is the HRU (Hydrologic Response Unit) which represents the result of the
combination of a type of soil, a type of soil use, and a type of sub-catchment area. Any
identical combination of these three features is supposed to produce similar agro- hydrologic
behaviour.

SWAT cannot be considered to be an entirely physical model. Despite the modelling of
certain phenomena on the basis of acknowledged laws (as in the case of the module for water
and nitrogen transfer and dorage in the soil, based on the EPIC model), SWAT is to some
degree empirical, especially concerning the representation of run-off (curve number method)
or groundwater discharge, simplified by empirical parameters such as the base flow

coefficient.

This model takes environmental factors into account (soil type, above all) as well as
agricultural practices (fertilisers, tillage, irrigation, drainage, etc.) It yields satisfactory
validations for numerous catchment areas worldwide (Santhi et al., 2001; Srinivasan et al.,
1998; Vache et al., 2002) and its validity has been checked for catchment areas of different



sizes in diverse geological contexts. Access to variables and parameters is facilitated by
combining the model with a GIS. This model allows the follow-up of flows and storage at
each stage of the water-cycle. It is possible to analyse both the impact on water resources and
the factors determining transfers on different scales (Tripathi et a., 2003). Some outputs of
this model, such as pollutant emission, can be spatialised. Moreover, the sensitivity of SWAT
in tracing agricultural practice has been verified, particularly by Vacheet al. (2002) who have
modelled the effects of nonpoint pollution reduction scenarios (optimisation of fertiliser use,
strips of vegetation along streams, no-till) on the quality of the water in two catchment areas

inlowa

The map layers of the soil as well as land use relate to databases with descriptive parameters
which can be adapted as necessary. For example, the database for crops gives information on
agronomic parameters such as temperatures for plant growth, the heat-units needed to reach
maturity, root depth, proportion of dry matter, harvest index, etc. The soil database has
measured elements such as texture, depth or hydrologic properties, including hydraulic
conductivity, porosity, Available Water Content (AWC) etc. The agricultural practices
associated with crops and fields describe dates for sowing, harvesting, grazing, different sorts

of nutriment inputs, tillage, residue management, and rotations.

The first step in the implementation of SWAT, like any other hydrologic model, is the
adjustment of certain parameters. Their values are adapted to fit the model outputs to the real
observations, according to efficiency index statistics (Nash and Suttcliffe, 1970). The results
are then validated over another period without any parameter change. Calibration and
validation of the parameters primarily concern hydrology (water flow in streams), then
agronomic variables (yields) and, finaly, nitrogen flows observed in streams and nitrogen

storage in the soil.

Polluting Emission I ndicator

As noted above, the nitrogen balance method displays many possibilities. It can be
implemented on a wide variety of scales, notably for large areas. But it is also very limited,
for it fails to take into account local soil and climatic conditions. Studies have shown that the
amounts of nitrogen leached are very loosely linked to excessive nitrogen inputs. Experiments
carried out on livestock breeding systems in Europe show that the amount of |eached nitrogen
accounts for 30% to 40% of the surplus in coarse and well-drained soils. This amount is only
from 10% to 20% in loamy-clayey and poorly drained soils (Le Gall et al., 2000).



Experiments performed on a small catchment areain Picardy (aregion in the north of France)
highlight the decisive role of the water recharge in the soil (Mary et al., 1996). Experiments
carried out on two small catchment areas in Brittany (France), with different proportions of
grass and corn, demonstrate the importance of the length of the intercrop period. Although the
nitrogen balances are identical, the nitrate outlet concentration is far less for the catchment
area with more grassland (Bordenave et d.,1999).

In other words, in order to establish a relationship between the nitrogen balance and leaching,
it is necessary to identify environmental characteristics (soil type, climate conditions) and to
take the land use into account. The indicator proposed here, the Polluting Emission Indicator
(PEI), includes these factors. It begins with the calculation of the nitrogen surplus and water
balance over one year. These annual balances of water and nitrogen are then used to evaluate
the risk of nitrogen leaching and the nitrate concentration of the drained water below the root

Zone.

The nitrogen surplus (i.e. difference between the inputs of organic and minera nitrogen and
the crop requirements) is calculated over one year for the ‘commune (municipal area),
according to the model developed by the SCEES, the statistical service of French Agriculture
Ministry (Vidal, 1995). Calculation is easy as it is based on: i) variables from simple and
easlly available positioning data, such as those from the Agricultural Census (land use, size
and type of livestock) or from agricultural statistics (yields); ii) parameters describing the crop
nitrogen needs, dietary requirements of herbivorous livestock, and nitrogen values of
livestock excrement; iii) simplifying hypotheses. It is posited that the net balance between
gaseous exchanges is negligible. In other words, atmospheric inputs such as symbiotic
nitrogen fixing by leguminous plants, non-symbiotic nitrogen-fixing by soil micro-organisms,
atmospheric deposits and atmospheric outputs such as denitrification and volatisation nearly
offset one another. The minera nitrogen/organic nitrogen transformations in the soil

(mineralisation, organisation) are also considered to be balanced.

Drainage is considered to be equal to the annual cumulative surplus of water as calculated by
Réménieras method (1960). The soil water capacity is considered to be at a maximum on
1 January. Monthly calculations of water balances are used to re-evaluate soil water content at

the beginning of the following month.

Leaching below the root zone is estimated by means of a function based on the results of

experiments in different soils, climates and agricultural conditions. Here the leaching is



related to the nitrogen surplus, the duration of the intercrop period and the water renewal rate

in the soil (ratio of annual drainage to water stored at the field noisture capacity).

Note that the PEI has a number of limits inherent in its design. First, it concerns only the soil-
plant interface, and fails to inform on water and nitrogen flows beyond the root zone. Second,
it evaluates the long-term pollution risk, in that it counts the total nitrogen in the system and
not only the leachable mineral nitrogen. Finally, it can assess only steady systems:. for
example, on the assumption that the soil exchanges are balanced, grassland ploughing cannot

be taken into account.

Case Study

The 385 knt catchment area of the Moine, devoted mainly to cattle farming, is situated in the
north-west of France around the town of Cholet. Geomorphologically, the area consists of a
plateau incised by a network of streams with an elevation varying from 180 metres in the
north-east to 15 metres in the west.

Geologically, Precambrian and Paleozoic metamorphic rocks have been affected by the
Hercynian tectonics and injected with granite intrusions. The mean annual rainfall at Cholet is
751mm and the mean temperature is 11.4°C (between 1966 and 1999). This oceanic climate is
characterised by fairly regular rainfall throughout the year (maximum in December, with a
mean of 80mm, minimum in July, with a mean of 44mm) and moderate temperatures
(morthly mean of 4.9°C in January and 18.8°C in July). The soil map, on the scale of
1/50,000 (Euriat and Tritz, 2002; Laurent and Rossignol, 2004) shows the dominance of
loamy, hydromorphic soils on the plateau, of sandy loam soil on the dopes, and of

hydromorphic loamy clay in the bottom of the valleys.

The data used to apply the PEI and the SWAT model are set out in Table 1. Due to
differences in the design of these two methods the data may differ, especially as regards their

degree of spatio-temporal resolution:

- the basic spatia unit of the PEI calculations is the commune, since this is the smallest unit
for which Agricultural Census data are available. SWAT is based on the HRU (Hydrologic

Response Units) concept, a homogenous unit in terms of soil and land use;

- the time-step of the PEI calculations is the mean year; SWAT simulates the climate and

cultural events on adaily basis.



It is important to establish whether the differences, due to both the design of these two tools
and their spatio-temporal resolution, have an impact on pollution risk assessment in the
catchment area under study. The two series of results calculate risks in an agri-climatic

context representative of that of the Moine catchment area for the period 1997-2001.

RESULTS

On the scale of the entire catchment area

The Polluting Emissions Indicator evaluates the annual mean nitrate concentration of drained
water below the root zone at a rate of 71mg NOs/| for the entire catchment area. The SWAT
model gives an estimate of 36mg NOs/I. This discrepancy is due not to the calculation of the
drained water depth — 300 and 311mm/year for PElI and SWAT, respectively — but rather to
caculations of leaching — 51 and 26kg N/halyear, respectively. The huge difference in these

results can cast serious doubt on the reliability of such evaluations.

Theoretically, the leaching evaluation by SWAT is more reliable than the one by the PEI.
SWAT is based on far more detailed representation of the processes occurring upstream from
the leaching area (atmospheric fallout, volatilisation, organic nitrogen pool dynamics in the
soil, etc.). Moreover, the smulated results are controlled via the calibration phase of the
model: the estimated water and nitrogen outlet flows are calibrated according to those of the
Roussay measurement station. Over the validation period 2000-2001, a mean simulation of
1,276,000 kg N-NO3 is obtained, against 1,267,000 kgN-NO3 for the measurements and a
correlation coefficient of 0.60 (Figure 1). Validation requires SWAT not only to simulate
leaching under the cultivated zones, but aso to take into consideration non-agricultural inputs
(such as urban waste water) and the denitrification process. However, as with any simulation
model, calibration can give realistic results with erroneous parameter values because of the
compensation effect. For example, overestimation of the mineralisation coefficient of organic
matter leading to overestimation of sub-root leaching could be compensated by

overestimation of denitrification

To understand why the PEI shows higher concentration and leaching values than SWAT, we

need to examine their design individually:

- first, the PEI calculation is based on total nitrogen and not only minera nitrogen. It
therefore represents the leaching risk not for the current year but rather in the long term,

through potentially mineralisable nitrogen. On the other hand, enrichment of the soil with



organic matter (via livestock farming effluents, as in the area under study) directly results
in higher PEI values, whereas in redlity this enrichment does not systematically increase
leaching. For situations without livestock farming, discrepancies between the PEI and the
SWAT mode are likely to be far smdler;

- one of the basic PEI assumptions is that gas exchanges are balanced (or amost). In the
case under study, this hypothesis is probably not verifiable due to conditions favouring
denitrification. The SWAT model simulates this denitrification;

- finally, the calculation period is implicitly different. With SWAT the mean nitrogen
flows are usually calculated for a calendar year, from 1 January 2000 to 31 December
2001 and therefore represent a 365-day period. With PEI, leaching under the root zone is
calculated for the period corresponding to both the crop and the intercrop period, a period
that can be longer than 365 days (winter crop followed by spring crop) or shorter (the
opposite).

Risk spatialisation

The Moine catchment area can be divided into 15 sub-catchment areas, whose outlets are
defined by the measurement station or the water treatment station. To compl ete the test on the
Pollution Emitting Indicator and the SWAT model, and to evaluate their efficiency for spatial
differentiation, the pollution risks for each of the tributary catchment areas have been
estimated and the results compared.

SWAT simulates sub-root leaching and concentration values with few differences between the
catchment areas. The variation coefficients are in the order of 10% and the difference between
the maximum and minimum is 10 kgN/ha for leaching and 11mg/l for the concentration. The
PEI aso reveds this relative uniformity: the greatest difference between the sub-catchments is
20kg N/ha for leaching and 8mg/l for the concentration. The comparative anaysis between
Figures 2A and 2B shows some shifts from one class to another. However, the differences
between these classes are very small. Under no circumstances can they be interpreted as
corresponding to weak, medium and strong risks; all three classes correspond to “medium”
risks.

The relative convergence of these spatialised results may seem surprising considering the
differences of spatia resolution between SWAT and the PEI. In fact, the simulations with
SWAT are based on smaller cells (HRU) than those used with the indicator (communes), and

their description is more detailed:



- soils are differentiated according to five parameters and according to their organisation in

layers (PEI only takes the mean AWC into account for each commune);

- land use is understood through crop rotation (and not only through crops and intercrops asin
the case of the PEI). Moreover, SWAT shows that the different types of rotation are the cause
of awide range of pollution risks (cf. Table 2).

The model and the indicator have also been submitted to a test of modified agricultural
practice. In a simulated scenario of the 20% reduction of mineral fertilisation, there was
comparable reduction of leaching and concentration: 10% with PElI and 7% with SWAT.
These results, which indicate that a reduction of fertilisers has only a small impact on the
pollution risk, are convergent with many other studies (Lacroix et d., 2005; Vatn et a., 1999;
Weaver et al., 1996). This impact is particularly weak when fertiliser inputs are close to the

technical optimal quantities.

DISCUSSION

The comparison of results between the SWAT moded and the PEI shows few differences in
estimations of the drained water depth but values that sometimes double in the case of sub-
root leaching. This highlights the fact that water flows correspond to pheromena that are far
less complex to apprehend than those governing nitrogen leaching. Due to the simplifications
introduced by the PEI in calculations of nitrogen flows (particularly the hypothesis of
balanced exchanges in the air and in the soil), the field of application of this indicator is
limited. It is not appropriate for hydromorphic environments with a high level of
denitrification.

We have highlighted the fact that discrepancies between leaching values are above al due to
the fact that the PEI takes into account total nitrogen rather than only mineral nitrogen. This
conceptua difference generates a difference in the temporal validity of the two methods The
PEIl is an indicator of long-term risks. By contrast, owing to its daily time-step, the SWAT
model is suitable for explaining phenomena and series of events that may account for climatic

changes.

If we agree that there is a difference between the indicator and the model as regards the scope
of the diagnosis (and therefore the leaching values), ad that SWAT explains pollution
processes more effectively, the following question arises. Can the PEI be used to classify

situations correctly in relation to pollution risks? The indicator has shown its capacity to



account for a reduction of fertilisation. It has produced leaching and concentration values for
ub-catchment areas of the Moine that correspond to the low level of heterogeneity shown by
SWAT. However, the specificity of the case to which it was applied (high level of
homogeneity between the sub-catchment areas) seems to constitute a limit to the PEI
reliability test for risk spatialisation.

Basicaly, the model and the indicator have the same goal: assessing the pollution risk. Their
main difference lies in the tension between the finesse of the processes described and the

operationality of the tool. These differences can be assessed from three angles:

- data used: the indicator draws on data that are easily accessible and not too numerous; the

model usually requires numerous supplementary data;

- setting up: an indicator can be used by a nonspeciaised public; a model needs scientific

expertise and far more training;

- expected results: an indicator points out arisk from a qualitative standpoint; a model aims at

a quantitative estimation which may be validated or invalidated by measurements.

Both the indicator and the model are useful decision making tools but the cost of applying
them (work time and competencies) differs substantially. Thus, the choice of one or the other

depends on the purpose of the evaluation:

- diagnosing areas of differing sizes. The indicator is appropriate for mapping imbalances at
regional level. For more limited spaces, where in-depth knowledge of the soil and the

processes involved is required, the model is more appropriate;

- identification of at-risk areas or practices. Theoretically, the PEI alows the identification of
areas to watch. It can also be used to make assumptions on the origin of risks: the extent of
spring crops, the presence or not of livestock breeding, the depth of the soil, etc. But only the
model can prove that a particular agricultural practice is responsible, via the values simulated

for the suspected cropping system,;

- evaluating polluting emissions or their impact on the resource. The PEI is limited to the
evaluation of nitrogen leaching under the root zone and consequently cannot be used to
diagnose water resources. SWAT models nitrogen emissions in the soil as well as processes
upstream (run-off, percolation, denitrification, etc.). It is therefore suited to the simulation of

water and nitrogen transfers in groundwater and rivers, and can be used to predict isolated



events such as concentration peaks. In this respect SWAT can serve to support water resource

management on an ad hoc basis.

The comparison of the SWAT model and the Polluting Emission Indicator demonstrates that
the choice of a method depends on the user profile — or more exactly, available competencies
(scientific expertise, knowledge of the terrain) — the time and means alocated to the
evauation, the extent of the study area, the time-step and, more generally, the purpose of the

evauation.
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Table 1. Comparison of input datas of the two methods

PEI SWAT
M eteorol ogy Monthly rainfall and potential | Daily rainfall and PET, for the
evapotranspiration (PET) (1997- | 1997-2001 period
2001) Source: Météo-france
Source: Météo-France
Soil characteristics |AWC AWC, hydraulic conductivity,

Source: map 1/50 000 (Euriat and
Tritz, 2002)

depth, organic matter per layer!

Source: map 1/50 000 (Euriat and
Tritz, 2002)

Topography Not taken into account Digital Elevation Model
Source: Alti Data Base (IGN)
Land use -12 crops 10 biennial rotations
Source: Agricultural Census 2000 | Source: Crop rotation 1999-2000
- - from SPOT remote sensing
Intercrop period (Ruelland et al., 2004)°
Source: Fidd®> and Nationa
Surveys (2001, SCEES)
Agricultural -mineral fertilisers Crop management  sequence
characteristics Sources  Fidd? and National (tlllag_e_, sowing dates, types,
guantities and dates of

Surveys (2001, SCEES)

-organic fertilisers calculated from
livestock structure

Source: Agricultural Census 2000

-yields: means of the Maine-et-
L oire department

Source: Annual

Statistics

Agricultura

fertilisation, harvesting dates
Source: Field Survey?

Notes:

1. Thedataconcerning the hydrologic parameters of the soils are derived from the pedotransfer functions applied to textural classes
on the soil map (Laurent and Rossignol, 2004).

2. Survey donein 2001 for 70 farms occupying 70% of the catchment area surface (BéziersLaFosse et al., 2001).

3. For reasons of satellite image availability, the rotations were identified over a cycle of two year repeatability; in redity, the
rotations are often triennial in this sector, with corn— whegt— Italian ray grass being the predominant cycle.
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Figure 1: Nitrate flows (kgN-NO3/day) in the River Moine from 2000 to 2001



Figure 2. Assessment of nitrogen leaching (kgN/hat.an™) for the sub-catchment areas of
the Moinefor 1997-2001 period.
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Table 2. Leaching and sub-root concentration according to crop rotation

(SWAT simulation, 1997-2001)

Types of modelled rotation

Leaching (kgN-NOs/ha/an)

Concentration (mgNOs/1) of
the drained water below the

root zone
Permanent grass 21 32
Temporary grass 22 33
Corn/IRG 23 34
Wheat/wheat 28 31
Wheat/IRG 34 44
Wheat/corn 38 46
Corn/Corn 52 74

Note: RGI = Ray Grass Itdien




