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ENFORCEMENT OF WATER PROTECTION
REGULATIONS

Hans-Peter Weikard
Unaversity of Gottingen

Introduction

For more than a decade, environmental economists have ar-
rued that any policy measures to protect the environment should
nake use of the market mechanism as much as possible. With
yrivate goods and competition, market transactions allocate re-
ources efficiently. However, despite environmental economists’
omplaints, policy makers still prefer orders and prohibitions as
nstruments for environmental protection.

So far in Germany measures for water protection are almost
:xclusively based on orders and prohibitions. Government may
leclare an area a water protection area (WPA). This means that
n the declared area the use of pesticides is forbidden and the use
f fertilizer is strictly limited. Farmers who operate in a WPA
uffer losses due to lower yields or higher operating costs. In
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The punishment used will usually be a fine. For reasons of

justice - e fine may not exceed a certain amount. The fine should
fit the crime.

The problem to be solved is to find an optimal mix of instru-
ments that achieves best the social goals of welfare and justice.

The modell

It 1s assumed that N farmers suffer a loss from water protec-
tion regulations. Let each farmer’s loss be k;. Government is not
informed about every farmer’s loss, but knows the distribution
of losses. In the model it is assumed that k; is evenly distributed
in [0, k. Accordingly, the density function is given by ¢ = 1/%.

Ration: farmers comply to the regulations if their payoff is
at :ast as much as heir payoff in the case of non-compliance.
This can be stated as fi ows:

C—k; 2 (1-p)C - pF & k; < p(C + F), (0.1)

where C is the compensation payment, F is the fine, and p is

the probability of control. If a farmer is caught using pesticides

the WPA the compensation is withdrawn and, in addition, a
fine mu e paid .1) he 1s for risk neutral farmers.

I call condition (0.1) the compliance condition. Farmer j
complies with the rules if his or her cost of compliance are smal-
ler than the expected punishment.

'Model< of this type have been developed by Becker (1968) and Polinsky/Shavell (1984)
and (199
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Let the number of farmers controlled be i. The individual
farmer’s probability to be monitored is given by

p=i/N. (0.2)

The e1 >rcement measures p, C, FF adopted by the govern-
ment determine the expected punishment p(C + F). or the assu-
med istribution of private cost the rate of compliance is given

by:

n p(C+F) C + F
n /0 g dk = Il(———,;-—) (0.3)

It fo >ws that the total private cost is

tp(C+F) En?

Water protection e1 ances water quality and environmental
quality in general. Assuming a positive environmental effect by
U(n) the welfare W is given by

W =U(n)—1 1)-ci, (0.5)

where c is the cost to control one farmer. Furthermore, it is
assumed that environmental quality is increasing in the number
of farmers who comply, and that the marginal gains from im-
roved environmental quality exceed the marginal private cost
of compliance. In « her words, the WPA is not too big. Full
compliance would be the most favoure outcome. However, as



Enforcement of water protection... 229

already stated, farmers do not comply unless they are given suf-
ficient incentives.

To create these incentives is costly and, moreover, the go-
vernment faces a budget constraint. In terms of the model the
government’s problem is to maximize the welfare function given

in (0.5) subject to the following constraints:

F<F, (0.6)

where F is the upper limit to the fine.

c Z Q, (0'7)

where C is a lower limit to the compensation payment requ-
ired by law.

B> NC +ci, (0.8)

where B is the budget available for improving water quality.
and, as a technical constraint

i<N. (0.9)
Due to restrictions of space, any technical details of the so-

lution of this constrained maximization problem are skipped.
Instead, the main results are described.

Results

The first result is that fines are used to the greatest possible
extent, whenever ¢ > 0.
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F=F. (0.10)

The intuition behind this is as follows. Note that fines are trans-
fers. ‘or some given level of deterrence p(C + F), if fines can be
raised it is ossible t¢ >wer p and thus to lower the number of co-
stly controls. Fines and controls are substitutes. From a welfare

perspective fines which are transfers are preferred to controls.

Secondly, the e et will be fully used.

B—CN¢C=B—cz

(0.11)

1=

Compensations are transfers, too. If it does not pay to have more
controls, any increase in the budget will be used to increase fur-
ther the compensation. This also raises the level of deterrence. If
the bu et i located to water protection is greater, a particular
level of protection can be achieved cheaper. Increased compen-
sation allows the re uction of costly controls.

In figure 1 it is shown how the restriction on fines and the
budget constraint affect welfare. It is clear from figure 1 that
budget and fines are substitutes as instruments for water pro-

tection.
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Figuré 1

?=200: N=1000; k~=u=500

(it 200-220 |
Wellare [ 1000 7 180-200
220./] m 160-180
200- @ i.0-160
:gg_ nishmen} B8 120-140
140- 1000 | 7 100-120
:ﬁg" . 300 1 so-100
80- MY 200 17 60-80
33: {.\\\ 1500 W 40-60
20 1000 / 20-40
0100 ‘90~~~ -500» 1 0-20

Budget [1000]

Conclusions

There are two conclusions that can be drawn from the model.
The first concerns the informational requirements. To determine
an optimal mix of instruments it is necessary to build into the
mod: he relevant legal constraints and, in addition, a value
function for environmental quality. Secondly, as has been made
clear in the discussion of results, with a tight budget constraints
1t seems necessary to make use of substantial fines. When looking
for the equilibrium of ﬁsing stick or carrot to create incentives,
the economies in transition may, unfortunately, be forced to give

priority to the stick.
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