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The Ban of a Single Pesticide

by Arndt Rolike*

1. Introduction

Chemical pesticides are widely used in agriculture in order to protect the crop from
several pests or to increase their storability. As has been shown, for example in the US, the
use of pesticides to farmers is highly beneficial. It has been estimated in 1978 that the che-
mical control costs are $2.2 billion with a gross return on those costs of $8.7 billion
(Pimental (1978)). However, it is also well known that pesticides cause damage to the envi-
ronment. Their use leads to a contamination of the soil, different water bodies like lakes
or groundwater, as well as the air. Even the drinking water in modern industrial societies is
threatened by contamination from pesticides (Nowotny/Chesters (1981)).

One widely used instrument to protect the environment from a contamination by pes-
ticides is the ban of them. In 1993 78 countries used this kind of intervention.! However,
what is used is the ban of a single, highly toxic pesticide or a very small group of pesticides.
Not considered is the ban of all pesticides. This would have disastrous effects on the pro-
duction of agricultural products. Therefore it is understandable that although the instru-
ment of bans is widely employed, the variety of existing and used pesticides is still enor-
mous. Right now roughly 1000 different pesticides are registered in the Federal Republic
of Germany alone although many have been already banned (Ahlheim (1989)). Among
those which have been banned are - just to cite a few examples - Dieldrin, Aldrin or
Paraquat.2

Legal foundation for these product bans in Germany is the law on plant protection, in
German called Pflanzenschutzmittelgesetz (PSMG). The german PSMG offers basically
two ways for the regulating agency to ban a pesticide. One is to ban the application of a
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t Compare Hamburger Abendblatt 24.06.1993.
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registered pesticide according to cap 7 PSMG. The other is to reject the reregistration of a
pesticide after the registration period of 10 years maximum has expired. This is due to cap
16 PSMG. Banning a pesticide according to cap 7 PSMG requires a retraction of the for-
mer registration. Since the legal requirements for retraction are much stricter than those
for rejection the regulating agency usually takes the latter way (Micklitz (1991)). The regu-
lating agency in Germany is the Biologische Bundesanstalt (BBA). Since the BBA usually
bans a pesticide by rejecting reregistration it has to apply the principles for registration.
Those principles are formulated in cap 15 PSMG. According to this chapter a pesticide
should not be registered if it has negative side effects on the environment which are not
«acceptable» on the basis of scientific knowledge. The supreme court of Germany
(BVerwQ) in its decision on the reregistration of the pesticide Paraquat clarified what has
to be taken into consideration with regard to the legal term «acceptable».3

According to this decision the court states that on the one hand the negative aspects
of damage caused by the product have to be taken into consideration. On the other hand
the positive aspects of a pesticide have to be considered. Those positive aspects are deter-
mined by the use of the pesticide for agricultural production, and its replaceability.
Therefore, the easier it is to replace a pesticide with other pesticides the more the decision
should be in favor of a ban.

The BBA drives the argument of the supreme court concerning the replaceability
even further by stating that given a pesticide is fully replaceable and that there are no
other negative aspects for the agricultural production connected with the ban, the pesticide
should be banned without any further investigation. In particular, according to the BBA
there is no need for any further comparison of different pesticides, and a comparison bet-
ween different pesticides also would not accord with the law (Brasse/Bode/Rothert
(1990)).

Regarding replaceability of a pesticide as a pure positive aspect, as well as banning
without any further investigation in the case of complete substitutability, builds on the
same assumption. This assumption is that all other pesticides which are potential substi-
tutes are not harming the environment at all. However, as important as replaceability is - a
recent estimation states that substitutes are available for roughly 70 % - the assumption
that those substitutes would not be harmful is wrong (Zilberman et. al. (1991)). Instead, it
can be said that it is within the nature of pesticides to harm the environment up to a cer-
tain extent (Lersner (1982) and Sergerson (1990)). Therefore when looking at a situation
where replaceability is given, the harmful effects of the substitutes have to be taken into
consideration.

The aim of the article is to highlight some aspects connected with the problem of sub-
stitutability on the one hand, and the toxicity of the substitutes on the other hand. In
order to do that, a simple model is constructed in section two focusing on these aspects. In
section three the ban of a pesticide is discussed within this framework. There the conse-
quences of the supreme court decision are presented. In section four the consequences of
the BBA statement are analysed. The results derived in section four are put into a broader
context in section five and section six. Thereby, a general problem using the instrument of

3BVerwG decision dated from 10th of November 1988 in: 9 Natur und Recht (1989), 385-387.
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banning single toxic goods is developed. Furthermore, a comparison of the pesticide ban to
a uniform tax on all pesticides is persued. In section seven the results are summarized.

2. The model

In order to keep the analysis as simple as possible a variation of the model developed
by Weitzman in 1974 is used (Weitzman (1974)). Thus a benefit function in pesticides is
confronted with an environmental damage function. The benefit function is a Taylor Series
approximation of the second degree in pesticides added by a term presenting a simple
measure for substitutability.# Denoting the quantities of the two pesticides analysed as q,
and qy, respectively, the benefit function can be written as follows:

(1) B=bo(qa+as) -3 b1(qu+ 4 + b20.9,

whereby by, b; and b, are constant parameters. It is assumed that b, and b, are greater
than zero. The marginal benefit functions are:

@) g-g = by~ biga- (by - b)gy

a

(3) Z—B =by—b195— (b1 - b2r)q,
9

With regard to b, a couple of comments are necessary. Note first that b, is a measure
for substitutability. Given that b, is equal to zero the two pesticides are perfect substitutes.
The benefit is only dependent on the sum of both pesticides. The farmer does not derive
any value from having both of them. Given b, is equal to b; the marginal benefit function
of each pesticide is independent of the amount of the other pesticide. They are not substi-
tutable at all. Given b, is greater than b, the pesticides could be regarded as complements
since in that case an increase in the quantity of one pesticide implies an increase in the
marginal benefit of the other pesticide. Therefore, we restrict the analysis on values of b,
which are within the range of zero and b, inclusive. Within this range one can see that the
lower b,, the higher is the dependence of the marginal benefit function of one pesticide on
the quantity of the other pesticide and therefore, the higher is the substitutability of the
two pesticides.

However b, also has a second meaning which is, at least within this framework, the
positive aspect of a low substitutability. This is the valuation of product differentiation.

4The general Taylor Series approximation of the second degree in two variables is as follows:

B =a,q, + ayqb + axq’ + asq} + asq.qs

Hence, the following specifications are made:

a :02=bo§03=a4=—1b1§05=b2"b1

Those specification are made for technical convenience. Note first that the used benefit function
has all usually assumed properties like a positive but decreasing marginal benefit up to a specific
amount of pesticides or a negative rate of substitution which is decreasing with increasing quantities.
Note second that price repercussions of the regulation are neither captured by the general nor captur-
ed by the specified benefit function. This is a general drawback of models of this kind which do not

explicitly model underlying market mechanisms. For a model taking price repercussions into conside-
ration see Rolike (1994).
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Therefore, given a specific amount of both pesticides the higher b, the higher the benefit
of the farmers.

The other component of the model is the environmental damage function. Also here
a Taylor series approximation of second degree is used. It is assumed that damage
increases at an increasing rate in environmental degradation, denoted with E.
Furthermore it is assumed that environmental degradation is a linear function of the quan-
tities of the two pesticides. In order to express different degrees of toxicity of the two pes-
ticides the quantities are weighted with toxicity parameters, denoted by 7, and 7, respecti-
vely. Therefore, the environmental damage function can be written as follows:

(4) D =dyE + d,\E?

whereby E is equal to:

(5) E=74,+ 79

Again, dy, d;, 7, and 7, are constant parameters greater than zero.

Note, that expressing toxicity by only one parameter is certainly a strong simplifica-
tion of the different aspects involved. However, in reality sometimes different toxicities
are expressed by one parameter. Parameters of this kind actually used are, for example,
LD 50 values. LD 50 values are a measure for how much quantity of a single substance is
needed in order to kill 50 % of the organisms analysed (Sdle/Knauf (1991)).

Welfare is defined as the difference between benefit and environmental damages.

Thus, the model is fully specified and the analysis of a product ban can be undertaken
in the subsequent sections.

3. Banning one pesticide

In this section we are going to analyse what the effects of the ban of one pesticide are,
given that substitutes are available. Furthermore, we are going to analyse what implication
this has on the regulation decision that the supreme court regards substitutability exclusi-
vely as a factor which is in favor of a ban.

In order to do that we assume in this section that the regulating agency has full infor-
mation and that there is no uncertainty.

Given the situation before intervention both pesticides will be used in such an
amount that their marginal benefit equals zero. Hence, the quantities are determined by
the following two conditions:

(6) bop-biq,~ (b -by)qp,=0
(7) by-bigy,— (b1 -b2)q,=0

From this follows:

b
8) g =g =20
®) g.=ar=55"4
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Then, the sum of both pesticides denoted with Q is equal to:

2 by

®) o= 2b,- b,

Note, that these quantities increase in b,. This is a result of b, being a measure for a
positive evaluation of product differentiation. The more product differentiation is valued,
the higher is the benefit deriven from the pesticides and the more they are used. Plugging
the quantities of pesticide a and b into the benefit and the damage function and after rear-
ranging terms we get:

(10) p-_
=2b,- b,
and

b b
(1) D = dy(, + 7) 35 7+ (7, + WP

This situation is obviously not efficient since environmental damage is not taken into
account and therefore the aggregate quantity of pesticides is, in comparison to the social
optimum, too high. Furthermore the more toxic pesticide which is without any loss of
generality assumed to be good b, is in comparison to good a used too much.

Obviously, the efficient solution in this framework could be gained by two Pigou
taxes equal to the marginal damage of the pesticides in the social optimum. However this
is not persued in political and legal reality, at least in Germany. The reason for this objec-
tion might be the considerably high administration costs involved with this instrument.
Considering the number of different pesticides, up to one thousand different Pigou taxes
would have to be created.

Instead, the instrument of banning one of the pesticides is used. Since we want to
model a rational ban in a situation of certainty, we will consider a ban of the relatively
more toxic pesticide b. Good b can certainly be considered as more toxic as long as the fol-
lowing condition holds:

(12) 1, <7

Given good b is banned and abstracting from any enforcement problems - which is
reasonable with regard to a ban (Bohm/Russel (1985)) - the quantity values after the ban
are defined by the following conditions:

(13) bo-b1g,=0
(14) ¢,=0

Note that after the ban pesticide a is still allocated suboptimally since the marginal
benefit of good a is still equal to zero and not equal to its marginal damage.

Rearranging the first condition leads to a quantity of good a after the ban of:
b
15) g4 =12
(15) g b,

whereby the v denotes values after the ban.
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Plugging the new quantity of pesticide a into the benefit and the damage function and
after rearranging terms yields:

bg
16) BY =
(16) 7b,

and

(17) D = dor, 204 a2 Sy

1 1

By considering if the ban of good b is welfare enhancing or not, we have to compare
the benefit before and after the ban with the damages before and after the ban. As long as
the damage reduction is higher than the benefit reduction, the pesticide ban can be consi-
dered as welfare enhancing.

Denoting the differences with A one gets for the benefit reduction:

(18) AB=B_p = beb2___¢
N " 2(2b, - by)b,

As presumed by the supreme court, the benefit reduction is increasing in b,, i.e. a
lower substitutability implies a higher cost of the pesticide ban, since the difference in
benefit before and after the ban is increasing in b,.

0AB b
190922 _ 20
19) 5.~ @b, -5y

The damage reduction is defined by:
(20) AD=D-Dr
Using the conditions stated above as well as rearranging terms yields:

by by
2by~b, b,

This term can be better interpreted by noting that the difference of the aggregate
quantity of pesticides before and after the ban is equal to:

(21) AD =do(Ta + )

b b
d » 2 0 2 _ @ —d az 0y2
+di(7,+7) (2b1—b3) dgT, 1T, (bx)

boba
2) AQ=0Q- Q=02
(22) AQ=0-0 @b, - by) by

and the difference in average toxicity is equal to:
(23) A*T':'F—T,,:%Ta+ %Tb— 'r,,=%~rb— %'ra

Using the last three conditions and rearranging terms the damage reduction can be
rewritten as:

(24) AD =doATQ + d|(ATQ)*+ doT,AQ + d(T,AQ)2 + €
whereby € is equal to :

(25) & =dit,(1,-7,)Q% + 2d,;72Q"AQ > 0
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Therefore, the effect of banning the more toxic pesticide on environmental damage
can be decomposed essentially into two effects:

The first effect is indicated by the decrease in average toxicity represented by the
term AT given the aggregate pesticide quantity is constant. The second effect is a decrease
in the total amount of pesticides used given the toxicity of the remaining pesticide. This
effect is represented by the terms including AQ. The term ¢ is simply representing the fact
that both effects are stronger with a quadratic damage function than merely squaring the
linear effect. Since both effects are reducing environmental damage one can in this case
state that the ban of the more toxic pesticide clearly decreases environmental damage.

However, taking the derivative of the damage reduction for b, one can see as well
that this is positive. It is equal to:

26)

D T2 d (4720 T i, O 4280 G i) 205 20 2
whereby
27) aQ dAQ 2b,

3, b, (2b,-by)

Hence, the higher substitutability implies a lower reduction of pesticides on the one
hand and on the other hand a lower positive effect of the decrease in toxicity. The latter
effect occurs since the quantity of pesticides before the ban is lower, as well given a higher
b,. Both effects imply that a higher substitutablity of the pesticides causes not only lower
costs of the ban but also a lower benefit of the ban. By taking only the former effect of a
high substitutablity into account, the principles of the supreme court clearly lead to a bias
in favour of the ban.

Whether the ban is welfare increasing or not depends on if the following condition
holds:

(28) AD >AB
This clearly depends on the specific parameter constellation.

4. Banning randomly

In the last section it was proved that considering substitutability exclusively as an
argument in favor of the pesticide ban - as the supreme court suggested - creates a bias
towards banning too many pesticides. The BBA derived the argument of substitutability
even further by stating that given perfect substitutability the pesticide will be banned
without any further investigation. The underlying idea is that given perfect substitutes are
available the ban of a product creates no costs. This is true within the framework of this
model where no price changes are considered.5 In order to see that, assume a situation of
perfect substitutablity, i.e. b, is equal to zero. From this follows:

5 When price changes are taken into consideration this argument is not true. For a discussion of
this problem see Rolike (1994).
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babg
(@) AB =G by b,

Therefore, the question of whether the pesticide ban is welfare enhancing or not is
entirely dependent of the change in environmental damage. If the more toxic pesticide is
banned, environmental damage decreases and the ban is unambiguously welfare enhan-
cing. However, following the statement of the BBA no comparison of the products is
undertaken. So refering to the situation of the model it is sufficient for the BBA to observe
that q, and qy, are perfect substitutes in order to ban one of the products. Hence, which of
the two pesticides is banned depends only on the question of which registration period
ends first. If product b's registration period ends first the BBA observes the availability of
a perfect substitute and bans it. If product a’s registration period ends first the BBA would
ban this pesticide since the same observation would be made and no further investigation
would be undertaken. Taking the BBA statement serious implies that the chances for pro-
duct a to be banned are as high as the chances for product b to be banned and they equal
50%.

Therefore, expected change in environmental damage is equal to:

(30) E[AD] =% AD, a% AD,

whereby AD, denotes the change of environmental damage in case product a is ban-
ned and ADy in case of product b is banned. As has been shown in section three AD,
equals:

(31) ADy=dATQ + di(ATQ)? + dy7, AQ + dy(T,AQ)? + dyt,(7p — 7,) Q2+2d,72Q AQ

Since a situation of perfect substitutes is assumed AQ is equal to zero i.e. there is no
reduction in aggregate quantity of pesticides.¢ Therefore, the term for the damage reduc-
tion in case of product b is banned reduces to:

(32) ADy=dyATQ + di(ATQ)? + di7, (Tp— T,) Q2

Given pesticide a is banned the difference in environmental damage is equal to:
(33) AD,=-dyATQ + di(-ATQ)% + dy7p (T,— T5) Q2

Therefore, the expected change in environmental damage is:

(34) E[AD] =4 di02(r,~m)? <0

Since the term is smaller than zero as long as the pesticides differ in toxicity, this
implies that banning randomly increases rather than decreases environmental damage
given a situation of perfect substitutability. Therefore taking the statement of the BBA
serious, their regulating activity with respect to perfect substitutes would lead to an
increase of environmental damage.

¢ Compare the equation defining the change in aggregate quantity of pesticides number 22.
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The reason for this result has to be found in increasing marginal damage. Those
increasing marginal damage imply that the ban of the less toxic product leads to a higher
increase in environmental damage than the ban of the more toxic pesticide implies a
reduction in environmental damage.

This explanation also can be demonstrated graphically. Given the quantity of pesti-
cides as it is the case in a situation of perfect substitutability, environmental damages are
exclusively dependent on average toxicity. Marginal damage with respect to average toxi-
city is then:

(35) %? = )0 + 2dF Q2

This is a linear function in average toxicity. Average toxicity in case of product a has
been banned is 7,; where product b has been banned it is T, and in case of no intervention
it is the average of both. The following graph depicts the situation:

Figure 1
o
a b
ta t tb

The damage reduction where pesticide b has been banned and the damage increase
where pesticide a has been banned are depicted by the area a and b respectively. Since
area b is greater than area a the random ban leads to an expected increase in environmen-
tal damage.

Therefore, we can summarize this section by stating that in case of perfect substituta-
bility and random picking, as the BBA wrongly suggest, environmental damage increases.
The reason for this result is that because of increasing marginal damage, a reduction of
damage when the more toxic pesticide is banned is more than offset by the increase in the
case of banning the less toxic one. Therefore, as long as the BBA insists on not comparing
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different substitutes with respect to their toxicity, their regulating activity cannot be regar-
ded as useful for protecting the environment.

5. Lack of knowledge

So far the BBA has been criticized for not comparing different pesticides with regard
to their toxicity. Where no comparison is persued it has been shown that in this case
damages increase instead of decrease given the same amount of aggregate pesticide. On
the other hand it also has been shown that as the more toxic pesticide is banned, this leads
to an improvement in the environmental situation via a decrease in average toxicity and
via a decrease in the total amount of pesticides. This observation leads to the question as
to whether it would be possible for the regulating agency to detect the more toxic product.
Clearly, the answer to this question is highly dependent on the knowledge of the BBA and
the knowledge of society generally about environmental damage. The lower this know-
ledge is, the less one is able to say which absolute toxicity a single pesticide has and the
lower also is the possibility to detect a pesticide as a more toxic one in comparison to the
other. This is shown by the following argument.

Assume that unknown parameters exist for the toxicities of the two pesticides.
Society and especially the BBA try to find out those unknown parameters by conducting
experiments, trying to understand the complex system of nature and the disturbance of
this system by the pesticides.” Thereby, the BBA could come to some conclusion about the
toxicity of the products. Given the BBA would react rationally it would compare the esti-
mated parameters and then ban the product which is supposed to be more toxic. This can
be demonstrated graphically as follows:

Figure 2
L 1
ta tb

whereby ta and tb are indicating now the unknown true parameters. The lines above
the parameters indicate the range of the BBA estimates. The higher the range the less the
BBA and society know about the true toxicities. Given equal and independent distribution
of the estimates of the BBA around the true parameters in the interval x, then the proba-
bility for the BBA to assume pesticide b to be the more toxic product is equal to:

(36) Prob (v, >7) = 15 "‘(;""’”) "‘(i”"’“) - ("‘(Z’z""))z

70On the difficulties which are connected with the estimation of toxicities see Covello/Merkhofer
(1987).
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At the limit, ie. in case of x approaching infinity, this probability tends to 1/2. This is
exactly the situation we have described in the last section. In that section the reason for
banning randomly was a result of the incorrect approach taken by the BBA. Since the
BBA refuses explicitly to compare toxicities it bans randomly. The reason in this section
for banning randomly is the lack of knowledge of society about the true toxicity parame-
ters. Although the given reasons are different the consequences are pretty much the same.
In both cases the environmental damage is likely to increase, given the aggregate quantity
of pesticides is constant. Therefore, if the BBA were to take the correct approach by syste-
matically comparing the toxicities of the different possible substitutes before banning any
of them, the chances of the product ban being a beneficial policy instrument would be
lower the lower the knowledge about the complexity of the environmental system is.
Given basically nothing or close to nothing is known, the selective ban is even likely to
increase environmental damage given the same aggregate quantity of pesticides.

The critical probability denoted by p¢, i.e. the probability of banning the more toxic
pesticide in order to ensure an improvement for the environment is defined by the follo-
wing condition:

(37) E[AD]=(1-pc) AD, + p<AD, =0

Replacing the terms for AD, and AD,, and rearranging terms for the critical probabi-
lity gives:

(38) pe = 1,1 ditpQ — dit,Q

2 4 dit,Q +dy+dyt,Q

As can be seen easily within the framework of the model, this critical probability is
greater than one half and smaller than three quaters. Hence, as long as the true probability
of banning the more toxic good is greater than three quarters, the product ban leads to an
improvement in the environmental situation and thereby an increase in welfare given per-
fect substitutability. However given the true probability is smaller than the indicated criti-
cal probability, the status quo (ie. the situation without any regulation) is preferable to a
situation of regulation by product bans. Whichever situation is given critically depends on
the knowledge society, and in specific the BBA, has about chemical substances and their
influence on the environment.

6. Comparison of the selective product ban with a uniform tax on both pesticides

So far the pesticide ban was compared with a situation of no regulation, ie. with the
status quo. The reason for this approach was the argument that a differentiated Pigou tax
might be too costly to implement. However a uniform Pigou tax does not appear to be
extremely costly. Therefore, it is reasonable to compare a product ban not only with the
status quo but also with other forms of regulation. In this section we consider a uniform
Pigou tax on both pesticides.

The starting point of this comparison is the observation made in section three, that a
pesticide ban usually also implies some reduction in the aggregate quantity of the pesti-
cides. However this reduction could be more cheaply reached by a uniform tax on pesti-
cides. This is well known and can be easily verified within the framework of the model.
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Whereas the benefit in case of a product ban is equal to:

bZ
V=
(39) Br=5t

in the case of a uniform tax on both pesticides guaranteeing the same pesticide reduc-
tion it is equal to:

o bg , bobd
(40) B =55+ 2p2

whereby the s denotes valves after the implementation of the tax.

As long as b, is greater than zero, the benefit in the case of a uniform tax is higher
than it is in case of a product ban.

Therefore in order to abstract from this well known argument against a regulation by
standards, it is useful to compare the product ban and the uniform tax in a situation of per-
fect substitutability. Thereby the main feature of the product ban (a reduction in toxicity)
can be compared with the main feature of a tax (a reduction in aggregate quantity of pesti-
cides). Furthermore, we want to abstract from difficulties to detect the more toxic product
as such. We assume that the BBA detects product b to be the more toxic product with a
probability equal to one. Hence, the change in welfare in the case of pesticide b being ban-
ned is equal to:

(41) Wy-W-= ADb = d()A'?Q + d] (A'I—'Q)Z + dl‘Ta(Tb - Ta)QZ

If an improvement in the situation is persued by a uniform tax, denoted by s, the
regulating agency maximizes welfare over s by taking into consideration that the aggregate
quantity of pesticides is dependent on s. Hence, the optimal tax rate is determined by the
following maximization process:

max: W(Q)
SIQ = QQ__S
b

Solving this problem implies an optimal tax rate of:

dOFFbl + 2b0d]?%
b, + 2d,7

Therefore, the aggregate quantity in case of a uniform tax is equal to:

42) s =

S _ bt)_dOF .
(43) ¢ ‘b; +2d1‘?2

Hence, the change in welfare caused by the implementation of a uniform tax is deter-
mined by:

(44) We— W = (b~ di)(Q" - Q) - (5 bi- di)(29)2 - 0)
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Replacing the pesticide quantities and rearranging terms gives the following change
in welfare:

(bydyT + 2byd,72)?
2b (by+ 2d,72)

(45) Wi-W=

As can be seen easily, the uniform tax as well as the ban of product b imply an
increase in welfare. In order to see which instrument of regulation is preferable, we have
to compare the difference between the welfare in the case of a uniform tax and the welfare
in the case of pesticide b being banned. This difference is determined by the following
equation:

(bld(); + 2b0d1;2)2 b()

o W e ade

_ by? —
(T_'Ta) - dlble T _Tza)

Rearranging terms gives the following condition:

2b0b,d0'? (2d1:r_"ra—-b|) + 2b02d|?2(2d11'2& - b]) + Y

(47) We-Wr= 27 (b 24,7

whereby gamma is equal to:
(48) vy = b 2dy%T + 2bob 2dyr, + 2by?b1dy1,2> 0

As can be seen the question of the uniform tax being preferable to the product ban is
crucially dependent on the relative slopes of the marginal damage function and the margi-
nal benefit function.® This result is similar to that gained by Weitzman in the case of uncer-
tainty. As long as the marginal damage function after the product ban is steeper than the
marginal benefit function, the uniform tax is unambiguously preferable to the ban of pesti-
cide b. Furthermore the difference is crucially dependent on the toxicity of pesticide a. If
its toxicity is equal to zero, the product ban is preferable to the uniform tax. If its toxicity is
equal to the toxicity of pesticide b the uniform tax is preferable to the product ban. The
economic explanation for this result is straightforward. If pesticide a is highly toxic, a pro-
duct ban cannot reduce environmental damage whereas a uniform tax can. If product a is
not very toxic both instruments can reduce environmental damage. However the steeper
the benefit function is, the more costly is a reduction of the aggregate quantity of pesticide.
Therefore the greater expense is an improvement in the environmental situation via a tax.
On the other hand the steeper the damage function is, the more important it is to decrease
aggregate quantity of pesticides and the stronger is the drawback of the product ban.

This result also can be depicted graphically:

81t is indicated by the term 2 dy7,2 - b;.
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Figure 3

MD
MB

MDv

Qs Q

The marginal benefit function, denoted by MB, is depicted together with the margi-
nal damage function before the ban, denoted by MD; after the ban, denoted with MDv. In
the case of pesticde b being banned, the aggregate quantity of pesticides is constant and
the slope of the marginal damage funtion has decreased as a result of this ban. In the case
of a uniform tax, the slope of the marginal damage function is constant whereas the quan-
tity is reduced from Q to Qs. Hence the question of whether the uniform tax is preferable
or not crucially depends on whether triangle v is greater or smaller than triangle s. In the
former case the uniform tax is unambiguously preferable to the product ban. Since the size
of both triangles depend on the relative slopes of the marginal damage and the marginal
benefit function, the derived result follows immediately.

Therefore this section can be summarized by stating that even if the regulating
agency is able to detect with a probability of one the more toxic pesticide, and even if a
situation of perfect substitutability is given (a situation where a product ban is costless),
this does not imply that this instrument should be used. Instead it should be compared
with other instruments. One possible instrument is a uniform tax on all pesticides. As long
as the slope of the marginal benefit function is smaller than the slope of the damage func-
tion after the ban, it should not be used as a policy instrument in order to protect the envi-
ronmnent.

7. Conclusion

In the subsequent sections it has been shown that the supreme court and the BBA are
not correct in the way they consider substitutability in the case of a pesticide ban.
Although substitutability has to be regarded as an extremely important aspect where a
ban is applied, this aspect is suitable not only in order to lower the costs of a ban. Instead,
it changes the feature of a ban. When considering substitutability, one cannot regard the
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product ban as an extremely restrictive instrument for protecting the environment but as
an extremely selective instrument. Being a highly selective instrument, the main feature of
the product ban is to compare different substitutes and to select the right one, i.e. to select
the most toxic one. However comparing the pesticides seems to be precisely what the BBA
has yet to persue. The reason for that might be that the BBA does not know enough in
order to make judgements about the relative toxicity of different pesticides. For this kind
of judgements not only very precise knowledge about the properties of the different pesti-
cides is needed, but also precise knowledge about the complex system of the environment
is important; certain knowledge, for example, that the LD 50 value of a pesticide regarding
a specific algae is not enough. One also has to know the implications of this algae on the
environment. Furthermore, one has to know how the specific pesticides are used. For
example, if 1 miligram of pesticide a is less toxic than one miligram of pesticide b this does
not imply that pesticide a is truely less toxic than pesticide b since no statement has been
made about the application of the pesticides. It could well be that for production purposes
much less of pesticide b is needed than of pesticide a. This argument could be driven fur-
ther towards the agricultural output and the consumption patterns of consumers.

It is possible that the BBA anticipates all those problems and for this reason made
the statement about not comparing the toxicities of different pesticides. However if the
BBA believes that it is not readily able to compare different pesticides, then a selective
instrument such as the product ban should not be implied. Instead, a uniform instrument
such as a uniform Pigou tax on all pesticides should be used. This would have the advan-
tage of being a cheaper instrument for protecting the environment. But it would also avoid
the damage increase which is likely to occur if product bans are used randomly. And even
if the knowledge of the regulating agency is sufficient in order to detect the most toxic pes-
ticide, this also does not imply that this policy instrument is better than other policy instru-
ments. Indeed as a comparison with a uniform tax on all pesticides has shown, this cru-
cially depends also in a situation of certainty on the relative slopes of the marginal damage
and the marginal benefit function.

To summarize, the product ban is an extremely common regulatory response which
has to be regarded as highly selective but not particularly restrictive. As a result, the main
feature of it is to compare different toxicities - a requirement the regulating activity of the
BBA in Germany seems not to meet. The ban should not be used where the knowledge for
such a selective policy is inadequate. It should furthermore not be persued if the slope of
the damage function is very steep in comparison to the slope of the benefit function.
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