~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Pethig, Rudiger

Working Paper
International Environmental Policy and Enforcement
Deficits

Volkswirtschaftliche Diskussionsbeitrage, No. 17-90

Provided in Cooperation with:

Fakultat III: Wirtschaftswissenschaften, Wirtschaftsinformatik und Wirtschaftsrecht, Universitat
Siegen

Suggested Citation: Pethig, Rudiger (1990) : International Environmental Policy and Enforcement
Deficits, Volkswirtschaftliche Diskussionsbeitrage, No. 17-90, Universitat Siegen, Fakultat III,
Wirtschaftswissenschaften, Wirtschaftsinformatik und Wirtschaftsrecht, Siegen

This Version is available at:
https://hdl.handle.net/10419/118714

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/118714
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/




[

¢

o

"

INTERNATIONAL ENVIRONMENTAL POLICY
AND ENFORCEMENT -DEFICITS |

Riidiger Pethig

Diskussionsbeitrag Nr. 17-90

Abstract:

Incomplete enforcement of environmental laws and regulations does not seem to be a
transitory phenomenon. Enforcement deficits may arise because polluters are reluctant to
comply but also because the monitoring agency prefers pleasant working conditions to

‘rigorous enforcement effort. In this paper, incomplete implementation of environmental

rules is explained by the interaction between the goal—setting government and its monitor-
ing agency. First a simple model is set up for a closed economy. Then this approach is
extended to the situation of two countries which are interrelated by (reciprocal) transfron-
tier pollution. By juxtaposing non—cooperative and cooperative behavior it is possible to
assess the allocative impact of cooperation — including the implied changes in national
monitoring efforts and enforcement deficits. The final section addresses the issue of the
distribution of gains from cooperation with reference to the polluter—pays principle.
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1. Introduction'

, In the llterature on env1ronmental ‘economics and adm1nlstrat1ve

science and likewise in pub11c opinion the 1ntroduct10n of envi-
ronmental standards by law or government directive 15 very‘often
conéidgred~to imply an immediate and complete .transformation of
the status quo into the intended improvement .0f environmental
quality. In recent years much 'evidence accumulated, however,
pointing to considerable sllppage between the 11ps of the legis-
lator who aims at pleasing the electorate and the flow of envir- -
onmental benefits from the government’s cup.? ‘

/

. One might argue that incomplete implementation is a .transitory

phenomenon of adjustment following the introduction o; the piece
of legislatiOn under scrutiny. But empirical observations e.g. of
Hansmeyer (1989), Hucke, Miiller, and Wassen (1983) or Mayntz
(1978) suggest that the enforcement deficits -in environmental
pol1cy seem to be per51stent so that they should be considered -
and}analysed as a phenomenon of equilibrium rather than one of
adjustment towards complete enforcement.

It is also true, of course, that implementation problems are not
only akin to environmental policy. On the contrary, they are very
wide- spread if not ubiquarian,‘since_"delinquents" can safely be
expected to emerge whenever a piece of legislature passes the

 par1iament. Not all enforcement deficits have the_same'empirical

1T am grateful to Wolf Ekkehard Se1ler for checking the algebra. -
He is not responsible for any remaining errors, of course.

2This metaphor is used by Mueller (1979, p. 148) in a somewhat
dlfferent context. :



significance, however. Certainly it makes sense to disregard im-
Plementation issues in many cases as a satisfactory appfoxima-
tion. But in Germany as in other countries the incompleteness or
even failure of enforcing the existing environmental regulations
seems to have become a decisive issue in recent time. Hansmeyer
(1989, p.75) considers the notion of "enforcement'deficit" — in
German "Vollzugsdefizit" —~ a much conjured catch- word.

In view of such a diagnosis economic theorists should feel chal-
lenged to focus attention on this issue. There is a branch of
implementation analysis with a long tradition and solid founda-
tion in social 'sciences. But to- my knowledge it does not rely
very much on economic tools. On the other hand there was and is a
strong tendency in the literature of environmental economics to
proceed in'its‘analySis on the assumption of perfect monitoring
.aﬁd/or'compliance3 But for economists who believe in the agents’-
‘self-ihterest as the driving force in all regulatory games this
pérfectness proposition ought to be dismissed. In recent years
incréasing attention has bee# drawn to the monitoring and en-
forcement issue (Downing 1981; Downing.ahd Hanf 1983; Russell et
al. 1986; Harford 1987; Meyer- Renschhausen 1988; BRussell 1990;
Jones and Scotchmer 1990; Strébele 1990) but much more needs to
be done both oh the theoretical and empirical level. '

Starting with the idea of self-interested agents in a game of
envirbﬂmental_regulation the major focal point is naturally plac-
ed on the regulatee or polluters. Rather than seeing them as vol-
untarily complying to the rules in order to further the common
good many economists prefer to view them as acting and reacting
in the spirit of Becker’s (1965) "crime and punishment" paradigm.
This line of argument known from many areas of regulatioh will'
" not be explicitly pursued in what follows. We rather wish to fo-
cus attention to another slippage between legislation and imple-

3In an attempt to identify the reasons for neglecting. the issue
of monitoring and enforcement Russell "(1991) observes - that
regulations are designed and legislated at the highly visible
central level whereas the task of monitoring is delegated to
peripheral units. He also argues that the analysis of monitoring
and enforcement issues is probably considered by academics both
-unglamerous and technically difficult. B
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mentation which emerges because chief administrators do not use
to implement in person regulatory rules but very often delegate

~that task to some peripheral agent. Due to imperfect information

on the side of the principal the agent (or agency) has some dis-
cretion in doing the job. When in addition the agent is a self-
- interested ' person whose 6bjectives do not coincide with the
printipal’s orders, we are bound to end up with a game of incom-

plete enforcement.

The central approach of explaining incomplete enforcement con-
sistently as a result of the interaction between the goal- setting
government and an envirommental protection agency is, of course
the agency theory. At its core is the assumption of incomplete
and asymmetric information which generates discretion for the
self- interested agent.This property clearly makes agency theory
very realistic and attractive, but it also causes complexity and
hence problems of manageability. '

For that reason the present paper compromises on the information-
al aspects of the enforcement issue by developing a simple de-
terministic principal—ageht,approach to environmental management
which is then extended to international environmental policy and
cooperation in the presence of transfrontier pollution} Section 2
sets up the model for a single economy and Section 3 extends that
approach to the scenario of two countries which are interrelated

by (reciprocal) transfrontier pollution. By juxtaposing non- co-

operative behavior and international cooperation the allocative
impact of the latter is assessed. The final Section 4 proceeds by
discussing the distribution of the gains from cooperation with
reference to the polluter- pays principle.

2. Environmental Managehent.
in the Absence of Transfrontier Pollution

Consider a partial equilibrium model of an economy in which the
total emission flow of pollutants per period is assumed to be E0
> O when no environmental controls are enforced. The government
adopts some environmental policy from a set of policy tools, it
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fixes an emission standard S < E in order to signal to the elec-

torate that it pursues a goal—orlented environmental management,

and it delegates to its environmental protection agency the task -
of implementing that policy with the government- determined budget
B. The agency expands that budget for administrative work and
enforcement activities to reduce the emission flow from its lais-
sez- faire value E, to |

(1) E=E -pIB20 (p > 0).

As shown in (1) the extent of emission reduction not only depends-'
on the size of the budget but also on the policy- specific "pro-
ductivity coefficient" p (policy tool effectiveness) and the
agency’s own working intensity or enforcement effort, I. To in-
terpret this variable look at implementation as a complex process

- of bargaining in which many parties are involved and in which the

agency has. to deal with polluters (firms, households, other
government agencies), with courts .and with speéial, interest
groups. In an attempt to gain some "leisure on the job" its mem-
bers are inclined to "soft" and low-effort enforcement postponing
or avoiding all those cases where they expect severe resistance
of polluters or other parties. Such a strategy presupposes, of
course, some discretion of the agency vis-a-vis its supervisor,
the government. An alternative interpretation of the variable I —
not incompatible with the preceding description — is to look at I
as a fraction of the budget so that (1-I)B is easily identified
as the agency’s discretionary‘budget used for management slack
reminiscent of Williamson (1964) . |

While the environmental protection agency’s only decision variab-

le is its implementation effort I, the government has at its dis-
posal the folloving three policy parameters all of which exert
significant influence on the agency’s performance:

(1) it assigns an amount of resources, the budget B, to the

agency;

1

(ii) it fixes an emission standard S € [0 E ] to be implemented -
by the agency;
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‘(iii)' in case of an enforcement deficit it puts pressure on the

agency to reduce that gap by increasing its nonitbring
effort M. '

The agency’s objective function is
(2)  AGEMS) =-3pM(E-8)7-iI (i0 > 0).
According to (2) the agehcy suffers from high levels of working -

intensity (i > 0) but it is willing to undertake efforts towards
implementation of the emission standard S, because in case.of an

- enforcement deficit (E — S > 0) the agency is exposed to pressure

from its supervisor which grows more than proportionally with the
widening of the gap. Moreover, increasing M and g implies the

agency receiving even greater negative sanctions for any given

implementation gap. While M is a continuous decision ‘variable,
the coefficient u indicates the institutional or organisational
efficacy per unit of monitoring effort M.

-

D k21

Figure 1: Thé‘agency’s optimal decision’



In view of (1) the agency maximises (2) over I for predetermined
- activities of the government B, M and S > 0. The straightforward
solution is - '

| i | E -S) ppBM-i
- (3) E=8 + —— and I= ( 0 )2 5 .
' £ pBM ' pp° BT M

Figure 1 .illustrates theﬂagenCy’s decision problem. The indiffer-
ence curves such as FD are strictly concave with increasing -
levels of satisfaction towards the origin. The ?budget‘lihe" is
derived by vriting (1) as E - 8 = (E; — S) — pBI. Hence 0G = E -
S and OK = (E, - S)/pB, and it is clear that the agency chooses
point P with the coordinates OL and OC as specified in .(3). Ob-
serve that owing to the quasi- linearity of function (4) the agen-
cy’s optimal implementation deficit is independent of standard S .

(no "income effect").

Obviously; the enforcement deficit E — S = i/upBM > O is the

smaller - -

- the less the agency suffers from its own enforcement effort
(small i); '

- the more effective are the policy tools chosen'(large P);

" - the greater is the government’s monitoring effectiveness and
monitoring effort (large p and large M);

- the larger is the agency’s budget (large B).

The enforcement deficit clearly emerges because the agency de-
rives satisfaction from shirking. But as demonstrated above its
width depends also on the government’s decisions on B, M and S.
Thé government sets these_variables as to maximise its objective
function | |

(4) G(B’E3M3Q3S)‘ =q@Q -s S - %.(G_EI - S)2 -bB —Vm M

with b, e, m, q > 0 and s > 0. In (4) the letter ( represents an
index of ambient environmental quality assuming that decreasing
emission flows translate into .increasing sustainable levels of



‘environmental quality according to the. simple transformation
(5) Q=0 -E.

The interpretation of qQ in (4) is that voters honor the govern-
ment’s COmmitmept to high environmental qﬁality (GQ =q > 0).
Voters are also assumed to respond positively to the government’s
announcement of ambitious environmental policy goéls in form of
restrictive emission standards (s > 0). In view of (5) one has q@
= qQ, — qE, so that the government is punished by the electorate
" not only by establishing a lax emission standard (s > 0), but
also by tolerating a high flow of emission (GQQE = - q:< O)F The
third term on the RHS of (4) specifies the citizen-voters’ dis-
content with enforcement deficits. The smaller is the parameter
e, the more aware are the citizens of the enforcément deficits
and push for better performance of the governmentt. Technically
speaking, e > O ensurés to turn the emission standard into a
well- defined endogenous policy variable. Note that e = O would
imply S = O.

The government’s aim to keep the agency’s budget low (Gg >‘0)'can
be rationalised by arguing that there are always competing uses
for tax money within the government, that citizens resist to pay-
ing taxes, and that according to (1) the budget is used to reduce
the emission of pollutants which in turn is costly to entrepren- .
eurs and triggers their opposition. Finally, the government dis-
likes high levels of monitoring effort (6y < 0) for similar rea-

sons why the agency prefers low levels of enforcement effort.®

¢Hansmeyer (1989, p. 74) argues that citizens suffer from an "im-
plementation illusion" buoying them up with the vain hope that
tighter emission standards (written on a ‘piece of paper) lead
automatically to an improvement of the ambient environmental qua-
lity. To consider this effect one might introduce an additional
%2§ameter premultiplying the third term on the LHS of equation
5Alternatively or complementary, M can be interpreted as extra
money to be spent on monitoring activities; with such an
interpretation one could set m = b or one could write (m+b)M

instead of mM. In what follows we will not pursue that route,
however. : : A



We now substitute § from (5) and S from (3) into (4) to obtain

(4’)  G(B,E,M) =

o . - i . 9 .
=qQ - (q+s)E+ 25 _ ~[ - ‘E} —bB-nmnM.
0 S pp BN 2 Lo e+1 - N

The government ﬁaximises (4°) with respect to B, M, and E to ob-
tain ' ' '

. ' S 1
_m oy _ |im [q (e+l) + sT|3

(6b) M=

Bio
-]
|

_ [b i iqﬂ(zgli + s]]%’.

2 . L
6 : E=S = be”im 3
(6) - [u P [q (e+1) + 812] .

: : 2 . 1 2
- (64d) S = l.[ be’im 2}3 _ (g+s) §e+1) ,
| ¢ p [a (e+1) + s8] e
. . o 9 . ‘ 1 ‘ ' 2_-
(6¢) E=0Q, -0 =.e;1.[ be”im 2]3 _ (gq+s) §e+1) )
| 4D [a (e+1) + 5] c
The agency’s implementation effort turns out to be .
3 E - E
(7) I.= 0' ' =
P B )
=-e2 E, +,(q+s)(e+1)2.[ b2 e 1 ]%._ b (e+l) .
&2 impz[q (e+1) + s] p [a (e+1l) + s]

Vhen the equations (6a), (6b), (6d) and (6e) are considered in
(4’), one obtains, after some rearrangement of terms,

(a+)% (e+1)? AL [a (ev1) + s]]%

(8) G =qQ +
- o 2 g2 e up



Simiiarly, substituting (6b), (6¢c), and (7) in (2) results in

o - | . | 2 2 _ .2 1
(9) A = - ib (3 e+ 2) _ [E . (a+s) (e+1) ][ b e i% u ]gb,
| 2 p[q (e+l) + s] ° - e? m p2[q(e+1)+s]‘
shock| oy, | pe | ai | Am | Ap | Ap | Aq | As

response| - _ ]
AB - - | + + - - + | +
AM o+ - + - - - o +

AE=—AQ | + | ? | + s | = -1 -1 -
A(E-S) + + + |+ -1 - - -

‘AS . ? + + - - 1 = -
AG - - ? - - | + 4+ ? 1?
AA - ? - + - + | 7 ?.

Table 1: Displacement effects of exogenous shocks

Table 1 summarises the impact of parametric changes: It is par-
ticularly interesting to observe that increasing policy efficacy
'(Ap > 0), increasing weight on a low emission standard and high
\ environmental quality (as > O or aq > 0), decreasing disutility
 from effort (ae < 0 or am < 0) and decreasing opportunity costs
of the agency’s budget (ab < 0) have the same effect on the for-
mation of the emission standard and on implementation: All these
changes lead to a tighter emission standard and to an evén great-J
‘er decrease of the actual emission flow so that the implementa-
tion gap becomes smaller. It is remarkable, on the other hand,
that their impact on the agency’s budget, on implementation ef- -

fort and monitoring effort is quite divergent. |

The rble'of parameter e is not easy to interpret -in light of the
reactions to its changes in Table 1. Increasing e broadens the
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implementation gap while at the same time the government cuts the
agency’s bﬁdget and reduces its monitoring effort: But the agency
also raises its implementation effort so strongly as to make pos-
sible a reduction of both the actual emission and the emission

standard. | ‘ ' ‘

The last two rows of Table 1 show how the government and the
agency evaluate parametric changes. They agree on using more ef-
fective policy tools‘(Ap > 0) and on the detrimental effect of
increasing qpportunity costs of the agency’s budget (ab > 0). The
government would support the agency’s interest for action to
cushion its discontent with high enforcement effort (ai < 0) but,
convefsely, the agenCy.is not syﬁpathetic about attempts to re-
duce the government’s opportunity costs from monitoring (am < 0).
Observe finally that changes of the parameters e, q and s have no
clear- out impact on the government and the agency.

3. Transfrontier Pollution and Cooperation:
The Allocative Impact

Now the model is modified by considering two countries, the home
‘country and the foreign country. The variables assigned to the
home country and the foreign country are marked by the super-
script h and f, respectively. With this qualification the equa-
tions (1), (2), (3) and (4) hold for both countries, but (5) is

replaced by® (

(10)  g=q"=qf-q - " -E.

Since one country’s emission affects the objective function of
the other country’s government via (10), we have, in fact, a

6The more general case would be to assume Qi = Qi — &iiEl -
ekiEk with j,k = h,f, j # k, and eii, ki > 0. But since we don’t
intend to focus on ecological asymmetries as indicated by
particular values of eii and ki the formulation £1o) suffices
for the subsequent investigations. By writing Qb = Qf in (10) the
transfrontier pollution problem is strictly reciprocal. Later we
will also comment on the case of unilaterial pollutionmn. :
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simple game situation in which emission levels EJ are the strate- -

gies and the functions Gj'the payoffs.

Assume first that cooperation doesn’t take place, i.e. that nei-
ther the government nor the agency of any country is able or
willing to influence the other country’s environmental policy. In
such a setting country j’s objective function (payoff) differs

from 6(BJ,EI,M9) in (4°) in that for j,k = £,h, £ # h
(11) (I, EI W ;EX) = (I, B M) - JEK.

With Cournot-Nash behavior then the countries simply choose the
best response to alternative levels of the other country’s emis-
sion of pollutants. As is obvious from (11) each country has a
dominant strategy.” The associated unique (Nash) equilibrium. in
dominant strategies exhibits the same values of all variables as
in the case of strictly "domestic pollution" except that

(2 8-1, - DIRIEIS

2

v , % (qj+sj)(e3+1)2
. ‘ . X + .
,[qJ(eJ+1)+sJ]2' eJ2v
"where . R bjijmj/(ejujpj). The parameter vi captures the impacﬁ
of five out of the eight national parameters on the equilibrium

value of environmental quality. The greater is vJ, the less ef-
fective is country j’s institutional setting of its environmental

management. For simplicity we refer to vJ as an index of ineffec-
tiveness of environmental management in country j. Using this,

notion equation (12) states that for given eJ, qq sJ, j = £,h,
the ambient environmental quality is the lower, the less effec-
~tive are the countries’ environmental policies.

To conclude, with non-cooperative Cournot- Nash behavior each

7This property is a consequence of the "additive.'separable'
nature" of both the relationship between Q and Ei ,Ek in (10) and
of the governments’ objective functions.
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country pursues its environmental management as if there were no
transfrontier pollution. In particular, both of them disregard
the severe reduction of the common environmental.quality caused
by the other country’s emission. It follows that parameter chan-
ges for the home and foreign country have the same impact on a11
varlables ~ including Q — as shown in Table 1.

Suppose now the countries agree to cooperate by choos1ng their
env1ronmenta1 management as to maximise the sum

(13) Gh(Bh,Eh,Mh;Ef) + Gf(Bf,Ef,Mf;Eh)(

For convénience of notatioh, wrife:Xj(C) with j = f,h for  the
value of the variable X = A,B,E,E-S,I,M,S in the cooperative so-

lution and Xj(NC) for its value in the nonrcqoperative dominant
strategy equilibrium. It is straightforward from maximizing (13)

that for all X the solution value Xj(C) differs from Xj(NC) only

“in that the parameter q (fepresenting qh or qi)‘from the equa-

tions (6), (7), and (9) is substituted by r := qh”-t-'q':E every-

where . With this qualification all displacement effects aX caus-
ed by a shift from non- cooperation to cooperation are obviously

the same in sign as the ratio AXi/quAin Table 1. We conclude,
- therefore, that for j = f,h one obtains

X (c) - x3(¥C) < 0 for X = E, E-S, S,
X¥(C) - XI(NC) > 0 for X = B, M, Q.

It is, of course, a well- established result of the literature
that cooperatlon raises environmental quality by reducing. both |
countries’ equ111br1um flows of emission. But it is not so ob-
vious, as the present model shows, that ‘environmental improvement
goes along with increased budgets for implementation (B) and mon-
itoring efforts (M) at the national levels. Moreover, the imple-

8Thls doesn’t hold for GJ(C) the discussion of which will be -
postponed to the next section. : 4 '
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mentation gaps are reduced even -though the 'natiopal emission
~ standards are tightened — implying thatAthe actual emission flows
are reduced by more than the emission standards.

To further investigate the allocative impact of the tranmsition to
cooperation in international environmental policy, it is also
interesting to kno& how all these displacement effects vary
across the two countries. For expository simplicity we restrict
the subsequent analysis to the assump?ion -

(14) ef=eh=1,sf=sh=oandq =q > 0.9
Using (14) equation (6e) yields
(15) Ej(f) = (2vj/r2);/3 - 4r.

\

Clearly, function Ej from (15) is strictly &ecreasiﬁg in r, and
we establish for all r > O ' '

Ef(r) % Eh(r) ##_vf % v and g;'[Ef(r) - Eh(r)]

AV

For qh = qi these inequalities imply.

o < EE(ne) - f(c) > ER(Ne) - ER(C) & vE > VR

Hence in absolute terms the country whose domestic environmental
management is less effective reduces its emissions more than the
other country. It is easy to check, however, that the elasticity

of emissions with respect to r, rEg/EJ, is in the interval (-1,0)

‘and decreasing in vJ. Consequently,

9As shown in Table 1, the effects of q and s are qualitatively
the same so that the loss of information from ignorifig.s is
small. Choosing the same value of q for both countries means ?hat
they are assumed. to differ only in their supply-side conditions

of environmental quality but not in their demand-oriented

"environmental consciousness" (as measured by q). The main reason
for fixing e is technical simplification. _

\
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efaey - ef(c)  ER(NC) - ER(C) PR
- < & v > v,
E(NC) E"(NC) ~

It turns out that the relative reduction of the emission flow is
gréater in that country which has the more effective environment-
al management even though the reverse is true for the absolute
reduction. The changes of domestic emission standards associated
to the shift from non—cooperatlve behavior to cooperation are
' ~easily assessed by’ turning (6d) into

(16) si(r) = (vi/2r2)/3 _ 4r.

Owing to the great similarity between (16) and (15) it is
straightforward that all:results'derived in the preceding para-
" graph for changes of emission levéls apply also for the emission
standard: The country with the less effective environmental ma-
nagement fixeé;a higher emission standard before and after coop-
eration than the other couhtry10 While in absolute terms its
drop in emission standard is greater, the relative reduction is
smaller than in the country with the more effective env1ronmental
management.»

Ve conclude this sectionlﬁy briefly cbnsidering the case of uni-
lateral transfrontier pollution. Let the foreigh'country be 1lo-
cated upstream with a constant fractlon of its emissions spilling
over into the home country so that w1th an appropriate normali-
zatlon equation (10) is replaced by

1) of=ef - FF ana Pl -Eh-gh

The consequences of this modification are straightforward. The
non- cooperative equilibrium is analogous to the case of recipro-
cal transfrontier solution because the home country plays its do-
. minant strategy. Assume then, the foreign country "cooperates" in

10In other words, even if both countries are alike in terms of
pre-policy emission levels (Ef, = Eh,), cooperation does not
imply, in general that natlonal em1851on standards ought to be
harmonised. :
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the sense that it chahges its domestic environmental managemeht
© as to maximise (13) with respect to its own decision variables.

Then the differences Xf(C) - Xf(NC) are as in the case of recip-
rocal transfrontier pollution. For the home country Xh(C) =

Xh(NC) holds for all X. The essential question is, of course, why
the foreign country should change its policy as required for max-.
imisation of (13). This question is not trivial in the case of
reciprocal transfrontier pollution, either, because in both set-
tings cooperation might not be achieved if the distribution issue
cannot be settled between the governments. The following section .
takes a closer look at these problems.

4. Distribution:of the Gains from Cooperation

Suppose first the countries reach an agreement to coqperate'in'
the sense of maximising (13) without the provision of any compen-

sation payment. Vith Gj(C) as the payoff in case of cooperation
without compensation 'thé< inequality Gf(C) + Gh(C) > Gf(NC)‘ +
Gh(NC) clearly holds and therefore

¢f(0) — cfvey > - [6B(C) - Gh(Ne)].

According to this inequality at. least one country gains from
trade, and at most one country may turn out to be a looser. Io
see what the equilibrium payoffs GJ(C) and GJ(NC) are like com-
‘sider, as a first step, (4) and (10):

(18) 60 = oJq, - B3 — IE¥ - isd - LB _ s§)2 _ pIpi- ulud.
- : 333, e
With r := qf + qh and vJ := bim as already introduced in the
, edpdpd ' :

last section one obtains from (6)

bij + ijj = 2bij = 2[vj(r(ej+1)+ Sj]l/a’
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sd = g -‘ej[vj(f(ej+1) + sj)—2]1/3 and
B (r) = [(ed+1) [ (r(edo1) + s3)"211/3 _ (z4sd)(ed+1)2/ed2.

Substitute these terms into equation (18) to rewrite that equa-
tion, after some rearrangement of terms, as

: : . (r+sj)2(ej+1j2
(187) G{'(C) = oJg, + 3 _

- 3[vj(r(ej+1) + s-j)]~1/3 +'quj(r) - quk(r) and

) . 3,63V2(.3,1)2
(18") | GJ (NC) = qJQo . (q +S )'2(3 +1) _
: o 2eJ<

- 3 (d (eI+1) + $9)11/3 - FE(H).

Under the assumption (14), the equations (18’) .and (18") are
turned into

(19) GJ(C r) = g—r + 2r2 [54er]1/3 + DJ(r)
with Dj(r) = avdirl/3  and  av [1—11/3 - [%5]1/3$

(20) GJ (NC,r) = (2_ - 2)r + 5 - 3(v] ir)1/3 _ (vEr)1/3,
Equafion (20) readily yields

(21) Gj(NC,r) - Gk(NC,r) = t(vk)1/3 -.(vj)1/3] orl/3

providing the information that in a non- cooperative situation of
reciprocal transfrontier pollution each government has an‘incen-
tive to imprOVe the_effectiveness of its own environmental policy

by raising vJ. But it would be reluctant to encourage its neigh-
bor government to do tle same.
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Subtracting (20)_from (19) gives

| (22)1 | Gj(C,r) - GthC,r) 3‘%r2 +72r + o |
e BB - s B IntB - (B + (Kt
23 2% 4 or + [0.014(v)Y/3 - 1i70a( M /3 L3

" Equation (22) shows that government j’s gain from cooperation is

the smaller, ceterls parlbus, the smaller 1s r = qh + qk andfthe

k.

greater is v Government j is, in fact, worse off by cooperatlon

. if and only if (approx1mately)
| 0 < % 5/3 + 2 r2/ { t1.794(vk)}/3 - 0.014(vj)1/3]

Even though this inequality cannot be readily solved forfr,fit_is'
~clearly the more likely that government j looses from cooperation

without compensatlon the lower is the env1ronmenta1 consc1ousnes$"
’(r) in both countries, the less effective is the foreign and the .
more effective is the own env1ronmentaJ. management Moreover,
(22) also yields the conc1u51on that under assumptlon (14) |

0 < 68(0C) - Gh(NC) > Gf(C) - Gf(NC),¢9 viEs v
In verbal terms, the foreignigovernment gains less than the home

government - or even looses - if, ceteris paribus, in ‘the forelgn ,
country, as compared to the home country,;

- publlc funds for the env1ronmenta1 protect1on agency have hlgh?.
er opportunlty costs (bf >b ),

= ‘the agency derives more pleasure from shirking (1 > ih);‘

— the. government has greater dlssatlsfact1on from monitoring (m
> m ), | |

- monitoring is less effective (uf < uh),
- the env1ronmenta1 pollcy 1nstruments employed ar less effective

C et < pP).
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The preceding results hinge on our interpretation of cooperation
as adopting at the national level that environmental management
which is necessary to maximise (13) without any compensatory or

side payments. But since the government with the more effective |

policy is the comparative or even absolute looser it lacks any
incentive to cooperate in the first place. In fact, whenever the
countries differ in policy effectiveness, the burden of coopera-
tive environmental management is not distributed in line with the-
polluter- pays principle. According to that principle each govern-
ment j should bear the entire, i.e. both the domestic and for-
eign, cost of its domestic emission, ¢JEJ + kEJ, but it should
not be burdened with quk.

" On the other hand, when cooperation does not involve compensation

payments, each 'government bears quj and quk, but not 'quJ.~'
Hence no- compensation cooperation differs from cooperation with
compensation according to the polluter-pays principle in the fol-
lowing way: the former yields the payoffs (18’), the latter re-
quires the government j whose term q#(Ej(r) - Ek(r)) in (18°) is

positive to transfer the amount qk(Ej(r) - Ek(r)) of money to the
other government. It is now important to ask the question how the
distribution of gains under cooperation observihg the polluter-
- -pays principle is related to policy effectiveness. To provide an
answer we refer again to the simplification (14) which turn

qk(Ej(r) - Ek(r)) from (18’) into Dj(r) as defined in (19). Hence
the payoff from cooperation'sﬁtisfying the polluter- pays princi-

ple is Pj(r) 1= Gj(C,r) - Dj(r). It is easy to verify that the
function PJ(r) is strictly convex in r and attains its minimum at

r = [3vj/4]1/5. Moreover, one has
sign Dg = sign av) and sign Dir = (-1) sign Avj.

Therefore, Gj(C,r) is strictly‘convex and below Pj(r), if avd <

0, and it is above Pj(r) (but hoi_necessarily convex), if avl >
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0. Observe first that the case avl = 0 impliest! Dj(r):= Dk(r) =
0 and therefore GJ(C,r) = PI(r) = ¢¥(C,r) = PX(r) with j # k.

sy el

[

Gf(C, r,vh,vf'z Vo!

D_._______.___'_. _______
. | }D P (r,v1h,vf-v)
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0 A/l/ qO . ‘ r°=2q0

Figure 2: Cooperation with and without compensation payments

This situation is illustrated in Figure 2 for q# =‘qf = q,- The

line GB” is the graph of (16) if v@ = vf = v, Hence OB is both

governments’ identical payoff when cooperation takes place. In
the special case of identical countries the polluter pays prin-
ciple is satisfied without any compensation payments. Suppose

next, that vl-l is somehow reduced to vg <V but vf =V, remains

0’
unchanged. This paraﬁetric change leaves Pf(°) unchanged (= GB’)
but shifts Ph(-) upward to HC’. It follows that the home coun-
try’s payoff increases from OB to 0C. On the other hand, if coop-

eration takes place but compensation payments are excluded, the

home country reaches point A’ on FA” whereas the foreign country

moves to point D’ on KD”.

11AvJ does not necessarily mean that both countrles are identical
in all aspects.
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