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Abstract

Environmental problems created through the intensive use of fertilisers and pesticides are
very serious all over the world. From the technical perspective solutions exist, but without
specific policies it is difficult to imagine that farmers will adopt them, since those solutions
usually imply higher costs of production. The economic and environmental consequences of
alternative agri-environmental policies will be presented here using a farm-level model.

The first part of the paper presents the concept of environmental risk and the theoretical
difficulties of treating this problem. While concentrating on the different techniques used, it
is argued that an econometric approach is too far from the biological specificity to be used to
evaluate different policies. A bio-economic model is therefore needed to understand more
clearly the biological aspects of water pollution.

An example will then illustrate the tre of groundwater nitrate pollution in Europe.
The results obtained from a research project, named POLEN, that was supported by the
European Community will be used. This research is based on the joint application of a bio-
physical model and a mathematical programming model. Two alternative policies designed to
reduce nitrate pollution are tested. The first one is a contractual approach: production plans
using environment-friendly techniques are proposed to farmers, offering them compensation
for income losses. The alternative is to place a tax on the input. We used the POLEN model
with data from the "Vallees et Terrasses" (South-West France) region.
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1. Introduction

Environmental policies first concentrated on point-so ce industrial pollution.
Attention later shifted to non-point source surface and groundwater pollution where
the agricultural sector was pinpointed as the main polluter of water supply. Hence,
governments are required to counter ecological damage caused by agricultural
practices, and the question immediately arises on the type of policies to be
implemented. Agriculture has its own specificity implying an important influence
on the type of policies to be implemented.

The agricultural sector often receives price support and direct subsidies (the
Common Agricultural Policy in Europe is an example) that has reinforced the
intensification of production. It is difficult to suggest a tax on agricultural products,
subsidised otherwise, without having contradictory effects.

Land is a fixed input, and price subsidies create a spiral in distortions: high
product prices induce intensification, intensification induces a higher price for land
(rent), and high use of chemical inputs creates negative externalitics.

However, pollution created by chemicals inputs cannot be linked in a linear way
to the level of intensification. The relationship between agricultural practices and
pollution is extremely complex: The types of rotations, and the type of crops, have
crossed effects on the level of nitrate pollution. Even more, what is really important
is not the average pollution level, but the pollution level that exceeds accepted
standards, on some climatic conditions. As pollution is a stochastic phenomena, it
is necessary to treat it taking into account the existence of different states of nature.
That is why coupling a biophysical model with a mathematical programming one,
and introducing environmental risk, appears to be an appropriate way to deal with
this question.

In this paper we use the results obtained from a research project, named
POLEN, that was supported by the European Community'. This research is based
on the joint application of a biophysical and a mathematical programming model.
Two alternative policies designed to reduce nitrate pollution are tested. The first one
implies a contractual approach: production plans using environment-friendly
techniques are proposed to farmers offering them compensation for income losses.

' “Impact Analysis of Different Policies in Several European Regions". A European project dealing
with the socio-cconomic and environmental impacts of Common Agricultural Policy Reform. The
Project was realised between 1991 to 1995.
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An important difference concerning environmental risk, compared with
economic risk, is that it has a more "objective" and general meaning than economic
risk. More objective, because the limit we place on an environmental variable is
obtained from some criteria, related to a standard. This can also be done in
economic models, when they are strictly normative. But in models built to make
policy analysis, risk is usually used as a mean of calibration of the model (nobody
really knows the risk aversion of farmers, and even if you know it, there is always
the problem of aggregation). Methods of limited risk, such as Target MOTAD,
appear very suitable for analysing environmental risk, and the interpretation of what
we are limiting and why is, in this case, quite clear.

3. Mathematical programming

Mathematical programming models have a long tradition in the analysis of
agricultural production systems, becausc they show explicitly how resources are
used and the effects of policy constraints. An additional component including
environmental parameters and constraints can easily be added. Besides information
on cropping pattern, cultivation method, labour supply and needs, environmental
criteria for each activity is included in the model. Different constraints on the
environmental effects of agricultural practices can then be added.

3.1. POLEN model

The POLEN model is a farm linear programming model, with special
characteristics:

e |t uses simulated data obtained with the agronomic model, EPIC. Part of the
technical coefficients used have been obtained through simulations done with
the EPIC model. These coefficients are crop yiclds and pollution indicators. The
pollution index used is the summation of all nitrate losses (leaching, sub-surface
flow and run-off).

¢ POLEN is a recursive model. Optimisation is annual, and the results of each year
have an influence on the following year, as well in terms of yields associated
with different rotation schemes as in relation with the availability of capital
goods, financial flows, etc.
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® Risk is treated in the model using a method that combines Freund's approach
with the Target MOTAD method (Tauer, 1983). We consider different "states
of nature" : (a) those determined by climatic conditions that will affect yields
and nitrate pollution; (b) those determined by future price variations; and (c)
those determined by future expectations on subsidies variation. The complete set
that defines the states of nature is built upon a series of climatic inputs obtained
using historical long-term climatic data and their influence on yields. In addition,
future variations of prices and subsidies are built according to common sense
criteria, the results of farmer's and policy makers’ expectations. A gradual
reduction in prices is foreseen both by farmers and policy analysts after the
CAP-reform but the level of subsidies paid cannot be considered as a sure event.
Thus, in our model we attach different subjective probabilities to expected
subsidies based on the current year's level (years 3 to 5 in the recursivity).

The POLEN Model permits an analysis of the technical, socio-economic and
environmental aspects of the problem within a unified framework. The integrated
use of a very comprehensive agronomic simulation calculator with a mathematical
programming model, make it possible to associate the techniques chosen for
production with yields and potential levels of pollution. All this is done in relation
with each specific soil and weather situation. The same level of irrigation and
fertilisation may have quite different effects in terms of nitrate pollution according
to weather and soil conditions. EPIC makes the calculation per hectare, for all of the
simulated techniques and this information enters the linear programming model.
When we obtain the optimal solutions from the economic point of view (concerning
different scenarios), it is possible to observe the associated results in terms of
potential pollution. In another way, we can  n the model with the aim of evaluating
the "cost" in terms of farmers' revenue losses caused by an imposed reduction on
the pollution level and also calculate the results concerning production level and
land use pattern.

2.1.1. Definition of the crop production uctivities

The economic model is built out partially from simulated data obtained using the
agronomic model EPIC. We defined the dimensions of the crop production activities
in order to be consistent with the information provided by EPIC. The name of a crop
corresponds to the name of one of the crops defined in the EPIC cropfile, that is the
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These five ycars arc a representative sample of the climatic conditions of the Regions, obtained from
data of long period climatic data (between 25 and 35 ycars).
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