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Coaseian biodiversity conservation. Who benefits?!

Thomas Eichner

Department of Economics, University of Hagen

Riidiger Pethig

Department of Economics, University of Siegen

Abstract
We assume that the global public good "biodiversity’ is positively correlated with
that share of land which is protected by land-use restrictions against the deteri-
oration of habitats and ecosystems. The willingness-to-pay for biodiversity con-
servation is positive in developed countries (North), but very low in developing
countries (South). Taking the no-policy scenario (Regime 1) as our point of depar-
ture, we analyze two concepts of biodiversity conservation: the northern countries’
coordinated action for land protection in the North (Regime 2) and financial sup-
port of biodiversity conservation from North to South (Regime 3). The focus is
on changes in biodiversity and welfare of the world economy’s move from Regime
1 to the Regimes 2 and 3 and to the Regime 4, consisting of the combination of
the Regimes 2 and 3. In a parametric version of the model, we derive a number of
unexpected and undesirable results. It is possible that the move from Regime 1 to
Regime 2 reduces biodiversity and welfare in North and South. Regime 3 fares bet-
ter, but it hardly improves welfare and biodiversity in our simulations. Although
Regime 4 is socially optimal, the North or the South is worse off in Regime 4 than

in Regime 1 for some subsets of parameters.
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1 The problem

There is mounting evidence on rapid human-induced losses of biodiversity over the last cen-
turies (Butchart et al. 2010) with indications of mass extinction of species being underway
(Ceballos et al. 2015). The Convention on Biological Diversity (1992) that entered into force
some 20 years ago considers biodiversity conservation, BC for short, “a common concern of
humankind”. The substantial efforts made under the convention’s umbrella to enhance BC
were insufficient to halt the loss of biodiversity. In developing countries, where the leading
biodiversity hotspots are located, the ongoing biodiversity loss is particularly serious, but

L' The Convention on

declining biodiversity is a serious threat in developed countries, too.
Biological Diversity urges both developed countries, called the North for short, and devel-
oping countries, called the South, to step up their conservation effort. It also stipulates in
Article 20 that the ”. .. developed country Parties shall provide new and additional financial
resources to enable developing country Parties to meet the agreed full incremental costs to
them of implementing measures ...” to conserve their domestic biodiversity. In practice, the
North provides funds for BC in the South through various channels, in particular through

the Global Environment Facility. However, that facility’s current scale of operations is too

small to avoid biodiversity loss in the South (Panayotou 1994, p. 102, Mee et al. 2008).2

In view of the bleak prospects for global BC, it is important to scrutinize further the
suitability of policies and institutions aimed at promoting BC. Specifically, we will focus on
two policy concepts closely related to the spirit of the Convention on Biological Diversity:
(i) the coordinated action of all northern countries to raise the North’s conservation efforts
to efficient levels and (ii) compensation payments from the North for additional conservation
efforts of the South that (also) benefit the North. Our goal is to analyze the effectiveness
and the distributional consequences of these concepts by investigating, how they affect BC,

the world welfare, and the welfare of North and South.

We will employ the land-use approach to BC, which suggests that the conversion of
natural land deteriorates or even destroys species-rich habitats and therefore is a major
cause for the loss of biodiversity (e.g. Panayotou 1994, Montero and Perrings 2011, Perrings

and Halkos 2015).% In our simple setup, each country divides the land it is endowed with

n its recent Fifth Report to the Convention on Biological Diversity (European Commission 2014), the
FEuropean Union states that areas of extensive agriculture, grasslands and wetlands continue to decline across

Europe while artificial surfaces continue to expand.
2Ferraro and Simpson (2002) have investigated the cost-effectiveness of payments for ecosystem conser-

vation.
3In Ecology a large literature applies the “species area curve”, which describes the relationship between

the area of a habitat and the number of species found within that area. The reduction of the size of habitat

reduces biodiversity by the species area relationship (e.g. Kinzig and Harte 2000, May et al. 1995) that



into a protected and a non-protected area.* The protected area is land dedicated to habitat
provision and wildlife protection. It is favorable for biodiversity because appropriate land-
use restrictions are implemented and only those kinds and levels of economic activities are
admitted, which leave natural habitats and ecosystems (almost) unimpaired. The non-
protected area is subject to low regulation and therefore hosts all economic activities that
are detrimental to biodiversity. In both areas, we allow for the production of consumption
goods that are traded on world markets, but obviously the production processes of goods
produced in the protected area must be ’biodiversity-friendly’. To avoid clumsy wording, we
denote as green goods and grey goods the goods produced on — and by means of — protected

and non-protected land, respectively.

In sum, we assume that biodiversity is positively correlated with the protected area,
that the global community attaches a positive non-market value to global biodiversity and
that the willingness to pay for biodiversity is higher in the North than in the South. The
low valuation of biodiversity in the South appears to be also the rationale of the Convention
on Biological Diversity (1992) for calling on the North to compensate the South for extra
conservation efforts. We simplify further by setting the South countries’ non-market value
of biodiversity equal to zero. That simplification allows decomposing all reciprocal biodi-
versity externalities into two types of externalities. The South’s protected area generates
external biodiversity benefits in all North countries (South-North externalities) and each
North country’s protected area generates external biodiversity benefits in all fellow North

countries (North-North externalities).

Each of the two BC concepts, alluded to above is designed to internalize one of these
externalities. The compensation payments from the North for additional conservation efforts
of the South, called ’North-South compensation’, are modeled as an international competi-
tive BC market® that will be shown to internalize the South-North externalities.® The item
traded on that market is land-use rights or land-use restrictions on areas of land that qualify
as protected area after the transaction. As an externality-internalizing institution, the BC
market satisfies the beneficiaries-pay principle. The coordinated action of all northern coun-
tries, called ’North-North coordination’, raises the North’s conservation efforts to efficient

levels, i.e. it internalizes the North-North externalities. In the Coaseian spirit, we refrain

is also used in economic papers on land use and biodiversity conservation (e.g. Barbier and Schulz 1997,

Polasky et al. 2004).
4For a more realistic land-use approach based on the new economic geography with centrifugal-centripetal

forces in economic and ecological systems, see Rauscher and Barbier (2010).
SPanayotou (1994) describes a similar market concept without providing a formal analysis.
6Since the North is willing to pay more for biodiversity than the South, it is in the North’s interest

to compensate the South for expanding its protected area until the positive South-North externalities are

internalized.



from providing an institutional structure for the North-North coordination such as a North-
North BC market or a self-enforcing North-North agreement (as e.g. Barrett 1994) to focus

on the North-South issue without unnecessary analytical complexity.

The BC concepts 'North-North coordination’” and "North-South compensation’ can be
absent, they can stand alone or they can be applied in combination. Correspondingly, we

obtain the four regimes listed in Table 1.

North-South compensation

NO YES
North-North NO Regime 1 Regime 3
coordination  YES Regime 2 Regime 4

Table 1: Alternative biodiversity conservation (BC) regimes

Obviously, Regime 1 is inefficient, because it leaves both kinds of biodiversity external-
ities un-internalized. The Regimes 2 and 3 are also inefficient, because each regime addresses
only one of the externalities leaving the other un-internalized. Regime 4 internalizes both
kinds of externalities and therefore is efficient or socially optimal.” We take Regime 1 as the
benchmark and determine the impact of the world economy’s transition from that regime
to the Regimes 2, 3 or 4. In particular, we wish to know how the shift from Regime 1 to
Regime k, k = 2,3 or 4, changes BC efforts, aggregate welfare® and its distribution in North
and South.

Although our model is very simple, we need to replace the general functional forms
by simpler parametric functions, in order to obtain informative results. In the parametric
model we show that the opportunity costs of the BC strategies under review take the form of
an increase in the price of grey goods (in terms of green goods) which reduces the worldwide
production of these goods. A particular specification of parameters, referred to as the ’base
economy’, yields the results one expects — or hopes to get — when moving from Regime 1 to
the social optimum: the protected area expands in all countries and both the North and the
South are better off. However, quite unexpectedly, the transition from Regime 1 to Regime
3 raises the countries’ welfare and the aggregate protected area only slightly. The move
from Regime 1 to Regime 2 increases the aggregate protected area, but reduces the North’s

welfare and aggregate welfare, which is a counterintuitive outcome, because coordination

"The Convention on Biological Diversity combined with the Global Environment Facility hardly fits any

of the four regimes, but may perhaps come close to Regime 3.
8We know that the aggregate welfare rises, if we move from Regime 1 to 4, because Regime 1 is inefficient

and Regime 4 is socially optimal. This does not imply, however, that all countries’ welfare increases.



or cooperation in the North is usually associated with being welfare increasing when the

allocation of externalities and public goods is at issue.

We then modify the 'base economy’ and find that the implementation of the Regimes
2, 3 and 4 may produce changes that differ from those in the base economy even in sign. The
most unexpected change occurs in empirically relevant scenarios, in which the North is either
sufficiently more productive than the South in the production of grey goods or sufficiently
less productive in the production of green goods. If the economy then moves from Regime 1
to the socially optimal Regime 4, it is possible that the South suffers a welfare loss despite

North-South compensation due to deteriorating terms of trade in the South.’

Our paper contributes to the literature on trade and biodiversity conservation and to
the literature on biodiversity as an international public good.!® Brander and Taylor (1997,
1998) analyze the welfare effects of trade liberalization in partial and general equilibrium
with open access resources. Trade liberalization makes the resource-rich country worse off.
Smulders et al. (2004) extend Brander and Taylor (1998) by a habitat-dependent natural
resource. The traded good requires land and a renewable resource as inputs, and land is
also needed as habitat for the renewable resource. Smulders et al. (2004) show that the
effects of trade liberalization critically depend on the role of habitats. Polasky et al. (2004)
investigate a two-country model where each type of land is an input in production and causes
biodiversity loss measured by the species-area relationship. If countries are symmetric, trade
reduces biodiversity. However, none of these papers considers compensation payments or
a market for BC. As for the second strand of literature, Barrett (1994), Sandler (1993)
and Montero and Perrings (2011) consider biodiversity without explicit modeling of land

.11 Barrett (1994) analyzes coalition formation to conserve

use and its opportunity cos
biodiversity and finds that the net benefits of a stable coalition are only slightly larger
than in the absence of cooperation. In Sandler (1993), the countries’ BC produce private
goods, country-specific public goods and global public goods. Markets are inefficient due
to the externalities associated with the public good BC. In simple matrix games Montero
and Perrings (2011) study whether unilateral action of a small (given) coalition of countries

make sufficiently large voluntary contributions to an environmental global public good.

The paper is organized as follows. Section 2 develops the model and derives the
allocation rules for the Regimes 1-4. In the first part of Section 3 we describe and discuss

the allocative effects of moving from Regime 1 to the Regimes 2, 3 and 4 in a numerically

9Although Bhagwati’s (1958) seminal ’immiserizing growth’ paradigm is unrelated to our immiserizing

result, their common explanation is the South’s deteriorating terms of trade.
OPerrings (2014) reviews recent pertaining literature.
Tn our setup, the opportunity costs of converting protected into non-protected land consist of the loss

of green goods and biodiversity.



specified ’base economy’. In the second part of Section 3, we change parameters of the
base economy and analyze the effects of those parameter variations on results. Section 4

concludes.

2 The basic model and two complementary BC concepts

2.1 The basic no-policy model

Let Q be the set of all countries in the world economy and divide Q into the subsets N
(for North) and S (for South). Each country i € €2 has an endowment of land, ¢;, and its

government divides ¢; into the areas b; and e;,

The area b; is the protected area with effective land-use restrictions and the area e; is the non-
protected area, i.e. the land that is intensively used for commercial and industrial purposes
without effective land-use restrictions. The non-protected area comprises towns with their
artificial surfaces, business districts, industrial zones, residential areas (urban sprawl), traffic
infrastructure (e.g. sealed roads), ecologically detrimental agriculture or forestry etc. The
protected area comprises nature reserves, national parks and, more generally, areas with
stringent land-use restrictions banning all economic production and consumption activities
that seriously deteriorate or destroy habitats and ecosystems in that area. We assume that
the protected area is the predominant home of fauna and flora and that biodiversity increases

with the size of the protected area. 2

Each country produces and consumes two kinds of internationally tradable goods,
called grey goods and green goods, by means of the increasing and concave production func-

tions
r; = X;(e;) and y; =Yi(b) allie. (2)

x; = X;(e;) is the quantity of grey goods produced with the input non-protected land,
;.13 y; = Yi(b;) is the quantity of green goods produced with the input protected land, b;.

21t is obvious that the real world exhibits all kinds of intermediate forms of land use. Nonetheless, the
partition of land in protected and non-protected areas captures the essence of the allocation problem for the

purpose of our conceptual analysis and secures tractability at the same time.
13To simplify, inputs other than land are assumed sector specific and constant. While all economic

activities have some spatial dimension, it is also true that their space requirements differ and in some cases

are small.



The underlying assumptions are that biodiversity is positively correlated with the size of
protected land and that some set of marketable (green) goods can be produced in protected

areas without damaging habitats and ecosystems.'*

The utility of the representative consumer in country i is

Vi(z) + Ui(yi) + 0(0) B <Z bj> all i € Q,

with Ui(yd) =y¢ and 6(i) = { L ifiel, (3)
0 ifized.

The functions V; and B are increasing and concave and ¢ switches the term B(-) > 0 on (for
i € N) and off (for 7 € S). The basic hypothesis is that the global biodiversity is the greater,
the larger the aggregate protected area ), b;. Correspondingly, §(i)B’ (>, b;) is country 4’s
benefit from increasing the aggregate protected area by one unit. We refer to 6(¢)B (D>, b;)
as country i’s benefit from BC. The dependence of the function B on ), b; characterizes BC
as a global public good to which all countries contribute through their domestic protected
area. The term d(¢) marks an important difference between South and North countries. We
interpret the former as developing countries with low per capita income, which (therefore)

attach no value to the global good BC. The 'rich’ North countries do value BC (B’ > 0).

Green and grey goods are traded on perfectly competitive international markets at
prices p, and p, = 1, respectively. The income of the representative consumer of country
i consists of the domestic producers’ revenues p,z; + p,y;, as shown in Appendix A. The
consumer takes the prevailing BC and the pertaining benefits as given and maximizes (3)
¢15

with respect to 2¢ and y¢ subject to her budget constraint'® p,z¢ + p,y? = p,x; + p,y;. The

straightforward implications are

Vi(x$) =p, and p,=Ul(y) =1 alliecQ. (4)

(2 (2

Since the division of land fully determines the firms’ inputs and outputs (in our parsimonious
model), the firms’ profit-maximizing plan is degenerate. The government of country i divides
the land ¢; country ¢ is endowed with into a protected area b; and a non-protected area
e; = {; — b; according to national interest taking the land-zoning decisions of all other

countries as given.!® In terms of the formal model, country i’s land-zoning decision is the

“There exist other ’local’ green goods, such as outdoor recreation, that are also positively valued but
unpriced. To the extent that their provision increases with the protected area, the individual countries have
an incentive to protect land. We disregard these non-market green goods in our formal analysis, because

their consideration would complicate the analysis without changing the results qualitatively.
15We denote by z; and y; the supply of grey and green goods and by z¢ and y¢ their demand.
16We let the governments determine b; directly in a command-and-control way for analytical convenience.



solution of maximizing with respect to b; the welfare

Vi) + po [Xi(0 = b)) — af] + p,Yi(bs) +6(0) B (Z bj) : (5)

Q

The first-order condition yields
p,Y! =p.X] allieS and p)Y/+ B =pX] alieN. (6)

According to (6), country i chooses the protected area such that the sum of the marginal
benefits, p,Y; and §(i)B’, equals marginal costs p,X;. The competitive equilibrium is fully

characterized by the marginal conditions (4) and (6) and by the market clearing conditions!”

Z [X;(¢; —b;) —2f] =0 and Z [Y;(b;) — y7] = 0. (7)
“ Q
To interpret the equilibrium allocation rules, we combine (4) and (6) and obtain

0B X! p X Ul ,

If i € §in (8), the marginal rate of transformation (X//Y/) equals the marginal rate
of substitution in consumption (U;/V;) = (p,/p.). That is, the South countries’ zoning
does not distort production. An illustration is the point A in Figure 1, which satisfies
(X[/Y!) = (U/)V]) = tana. If i = N and hence 6(i)B’ = B’ > 0, the corresponding
equilibrium also satisfies (8). However, in this case, §(i) B’ > 0 drives a wedge between the
marginal rate of transformation (now tan 8 in Figure 1) and the marginal rate of substitution
(still tan ). Figure 1 illustrates that if §(¢)B’ = 0 — and a fortiori if §(i)B’ > 0 — country
1 € 2 has an incentive to set aside some protected area. The protected area tends to increase
with increasing benefits from BC. To show that, suppose the transformation functions of all
countries are identical and let p, = (p,/p,) = (1/tana) be given. If ¢ € S, the allocation in
country i is represented by the point A in Figure 1. However, if 1 € A/, country ¢ produces
in point B. This illustration suggests that each country’s protected area b;, and hence the
aggregate protected area ), b;, is typically sub-optimally small, because no country takes

into account the external BC benefits generated by its own protected area.

2.2 Two complementary concepts of BC policy

In the perfectly competitive world economy of the preceding Section 2.1, which we refer to

as Regime 1, all positive biodiversity externalities are un-internalized. The South countries

Alternatively, one could explicitly introduce national land markets with government ¢ determining b; in-
directly by subsidizing the protected area or taxing the non-protected area or vice versa. For details see

Appendix A.
1"The resource constraint (1) is already accounted for in (7) and (8).

7



Y, (sz) 4@ > Y;

Figure 1: Production and land allocation in Regime 1 of the world economy

ignore the 'South-North externalities’, i.e. the benefits the protected areas of the South
generate in the North and the North countries ignore the "North-North externalities’, i.e. the
benefits the North countries’ protected areas generate in their fellow North countries. In this

section, we investigate two BC concepts, each of which addresses one kind of externalities.

(i) North-South compensation. The North seeks to internalize the South-North external-
ities by inducing the South to expand its protected areas via the ’beneficiaries-pay
principle’. In terms of the formal model this is done by creating an international mar-

ket for biodiversity conservation, called BC market.

(ii) North-North coordination. The North countries internalize the North-North exter-
nalities by coordinating their BC efforts such that each North country chooses that

protected area which maximizes the aggregate welfare of the North.

We have listed in Table 1 (Section 1 above) the four regimes that result when the BC
concepts (i) ad (ii) stand alone, are applied jointly or not at all. The benchmark Regime 1
serves the role of assessing the performance of the Regimes 2, 3 and 4 with regard to the

allocation rules that characterize their equilibrium.

Regime 2: North-North coordination without North-South compensation. North-
North coordination means that the North countries act as a single agent who maximizes the

aggregate welfare of all North countries. Specifically, the North countries’ supplies and



demands of protected areas result from maximizing with respect to (b;);en the welfare

> {Vj(xf) + o [X5(6; = by) — 2] + p,Y;(b)) + B (Z bk) } (9)
Q

N

taking the South countries choice of b;, i € S, as given. The pertaining first-order conditions

are
pyY; +nBj =p,X] alliecN, (10)

where n is the number of North countries. The South countries’ allocation rule is the same as
in Regime 1, because in Regime 2 country i € S maximizes (5) with respect to b; and obtains
pyY/ = p, X/ as in (6). Thus in Regime 2, the equilibrium of the economy is characterized
by the market clearing conditions (1) and (7), and by the marginal conditions (6) for i € S
and (10).

Regime 3: North-South compensation without North-North coordination. Now
we consider Regime 1 as the fallback regime that prevails in the absence of the BC market
and we denote by!® b, 7 € €, the protected land in Regime 1. The international market for

BC implements the beneficiary-pays principle in the Coaseian spirit!? as follows:

b =1b;+z and e =10 — b, —z alliec(), (11)

sz = sz-l. (12)

(11) states that given the fallback land zones (1b;, £;—b;), z; > 0 is the domestic area country
1 offers for protection in addition to the protected area it would choose in the absence of the
BC market.? We will refer to z; as country i’s offer of BC. 2¢ > 0 is country i’s demand
for land to be protected in addition to the protected area country i or any other country
would choose in the absence of the BC market. We will refer to 2¢ as i’s demand for BC.?!
Equation (12) is the condition for clearing the BC market. The price per unit of BC offered
or demanded is p, > 0, and all countries are assumed price takers. With the introduction
of the BC market, the governments’ policy parameters change from protected area, (b;)cq,

to supplies and demands of BC, (z;, 280)icq.

18The prescript k for k = 1,2, 3, 4 refers to Regime k.
19See Coase (1960) for the basic idea. Pearce (2004) discusses that concept and its potential for BC

without formal modeling.
20The information in (11) about the size of protected area in the fallback Regime 1 is important to rule

out the offer of protected areas in the BC market that would also be protected area in Regime 1.
2INote that z; and z¢ are sign-unconstrained and that negative equilibrium values will turn out to emerge

under certain conditions.



In order to investigate how the BC market operates in the absence of North-North

coordination, we assume, that all South and North countries disregard the impact of their

choice of (z;, 28

¢) on the welfare of other countries. In that case, country ¢ € {2 maximizes

with respect to z; and 2¢ its welfare

W, = Vz‘@?) + Pz [Xz‘(“gi —1b; — 2) — xﬂ +py}/i(1bi +2;) +0(i) B

> (b +2)

+p.(z — 2]) (13)

taking the other countries’ BC demands z ,all 7 € Q, 7 # i, as given. The first-order
conditions yield
oW,
822‘
oW <0 ifieS,
o 5(@)3/—@{ "

= —pX]+p)Y/ +p.,=0 allieQ, (14)

B (15)

i =0 otherwise.

We restrict our attention to economies in which the BC market is active, i.e. in which p, > 0.
Then (14) implies z; # 0 for all i € €, in general. (15) yields z¢ = 0 for all i € S but 2¢ > 0
holds for i € NV, in general, because p. = B’ [>g1b; + 5 (10; + 29)] for all i € N'?* Thus,

we infer from (14) and (15) that the allocation rules of Regime 3 are

=0 allieS and p,Y/+ B =p, X allicQ. (16)

)

The equilibrium of the economy in Regime 3 is characterized by the market clearing condi-
tions (1), (12) and

SO = b —z) = 2] =0, > Vil +2) -yl =0 (17)

Q Q

and by the allocation rules (16).

Regime 4: North-North coordination and North-South compensation. The North
countries’ supply and demand of BC result from maximizing with respect to (z;, z}-i) jen the

aggregate welfare of the North,

Z {Vi(@) + pa [ X;(0; — 1b; — 25) — 5] +p,Y;(1b; + 25)

Z bk+z (b5, + 21)

The pertaining first-order conditions are p,Y; + p, = p, X! and p, = nB’ and hence

pyY; +nB = p.X; (19)

22This conclusion relies on our simplifying assumption that B; = B for all i € .

10



for all i € N. The South country 7 maximizes its welfare (13) with respect to? z;. Combined
with p, = nB’, the first-order condition yields (19). Hence, the equilibrium of Regime 4 is
characterized by the market clearing conditions (1), (12), (17) and the marginal condition
(19) that holds for all i € €.

The strong marginal benefit nB’ in the allocation rule (19) suggests that the BC market
is an effective instrument for the promotion of BC. In order to confirm that, we characterize
the social optimum by solving the social planner’s problem of maximizing the sum of the
welfares of North and South subject to the resource constraints (1), (12) and (17). The

corresponding Lagrangean is

L= S [Via) + Ui(yh] +nB Zlbk+zlbk+zﬁf Y

Q
e D [X(0 — by — T+ Z (40, +2) — vl - (20)
)
We show in the Appendix B that solving (20) with respect to x¢,y¢, 2¢ and z; yields the
allocation rules (4) and (19) (after having decentralized the social planner’s solution by
prices) for all i € Q. Hence the equilibrium market allocation in Regime 4 is socially

optimal.

North South

Regime 1 || p,Y/ + B’ = p, X! pyY! = pu X

Regime 2 || p, Y/ +nB" = p, X! Y] = pa X!

Regime 3 || p,Y/ + B =p, X! | p,Y/ + B =p,X]

Regime 4 || p, Y/ +nB' = p, X! | p,Y/ +nB" = p, X]

Table 2: Supply-side allocation rules in the Regimes 1 - 4

Table 2 summarizes the supply-side allocation rules of the Regimes 1 - 4 and allows
comparing the regimes in a straightforward way. All regimes share two features. First, all
countries put aside some protected area for the production of green goods (term p,Y; in Table
2). Second, each North country ¢ accounts for the positive effect of its own protected area on
BC (term B’,i € N, in Table 2) with and without North-North coordination. The common
feature of the Regimes 1 and 2 is that the South countries disregard the positive external
effect of their protected area on the North countries. In the North countries, the difference
between coordination and non-coordination is also clear. Without |with| coordination, the

North countries disregard [regard| the positive externality of their protected area on their

Z3Recall that z¢ =0 for all i € S.
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fellow North countries. If the BC market is in operation in the Regimes 3 or 4, it induces
the South countries to take into account, partially (Regime 3) of fully (Regime 4), the
positive externalities of their own protected area on the North countries’ welfare. If the
North countries fail to coordinate their action, their allocation rule is as in Regime 1, but
the South countries make some internalization effort, which they did not make in Regime
1. However, as Regime 4 demonstrates, full internalization of all externalities requires both

North-North coordination and North-South compensation. We summarize our findings in

Result 1. In our model of the world economy, each North country’s protected area
generates a positive externality in all fellow North countries (North-North externalities) and
each South country’s protected area generates a positive externality in all North countries

(South-North externalities).

(i) Regime 1 is inefficient, because neither the North-North externalities nor the South-

North externalities are internalized.

(i) In Regime 2 the North-North externalities are internalized, but that regime is inefficient

nonetheless, because the South-North externalities remain non-internalized.

(11i) Regime 3 is inefficient, because the North-North externalities are not internalized and

the South-North externalities are only partly internalized.

(iv) Regime 4 is efficient (or socially optimal), because it fully internalizes all externalities.

Although the preceding analysis allowed for some important insights, it leaves many
questions unanswered. Is the intuition correct that the transition from Regime 1 to the
Regimes 2, 3 or 4 increases the aggregate protected area as well as the protected areas in
North and South countries? We know that the transition to Regime 4 increases aggregate
welfare because Regime 1 is inefficient and Regime 4 is socially optimal. It is not clear,
however, how the aggregate welfare changes when moving from Regime 1 to the Regimes 2
and 3 and how it changes the welfare of North and South when moving from Regime 1 to
Regime 2, 3 or 4. Particularly important for the political acceptance of BC strategies is how

the aggregate welfare gain, if any, is distributed between North and South.

3 Moving from Regime 1 to the Regimes 2, 3 and 4
In the preceding section, we have characterized the allocation rules in the Regimes 1 - 4.

Now we aim to investigate in more detail the impact of the Regimes 2, 3 and 4 on the

allocation of the world economy. Although our model of Section 2 consists of few simple
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building blocks only, it is not possible to derive informative results regarding the transition
from Regime 1 to the Regimes 2 - 4 with the general functional forms B, X;, Y; and V;. To

make progress, we introduce the following simplifications.

(i) Within their groups N and S, all countries are alike so that we write b; = by for all
i € N, b;=bs for all i € S etc., and we denote the number of countries in the groups

N and S by n and s, respectively.

(ii) We employ the parametric model®*

n=s=>50, 0=1{ Xie)=20au€, Yi(b)= b,

i=N,S. (21
B(Xobj) =7 qby, Vi(af) = axf — 5(f)?,

In (21), a, g, vy, B,y and £ are positive parameters. North and South are identical with
respect to the parameters a, and ¢, but we allow for asymmetry with respect to the

parameters oy, a; and v. We establish?®

Result 2. In the transition of the economy (21) from Regime 1 to Regime 2, 3 and }
the price of grey goods in terms of green goods (terms of trade) increases, and the aggregate

consumption and production of grey goods declines.

According to Result 2, the BC strategies under review have opportunity costs in the form
of reduced consumption of grey goods, and the terms of trade improve in countries that
export grey goods. Result 2 is remarkable because, in qualitative terms, the opportunity
costs and the terms-of-trade effect are independent of how effective the Regimes 2, 3 and
4 are in enhancing BC and how the countries’ welfare changes compared to the welfare in

Regime 1.

With the help of the parametric model (21) we are able to derive closed form solutions®®

but despite its simplicity, the computations in Appendix C show that the equilibrium values
consist of complex terms that dot not yield useful economic interpretations. Therefore, we
resort to numerical analysis, which we organize as follows. First, we focus on a specific

‘numerical’ economy, called the base economy, defined by the parameter values?”

~

0 =180, Gunv=(lus=1 auw=dys=11, B=10, (=75 and F=1 (22

24U, is already defined as a parametric function in (3).
25The proof of Result 2 can be found in Appendix C.
26The functional forms (21) are the only parametrization of the model we were able to find that allows

us to calculate explicitly all relevant equilibrium allocations and prices, which is indispensable for welfare

comparisons.
2"Note that in the base economy North and South differ only with respect to the parameter v, i.e. with

respect to their valuation of BC.
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and we describe and discuss the allocative changes in the equilibrium allocation of that base
economy when moving from Regime 1 to the Regimes 2, 3 or 4. After that, we modify the
base economy by varying the parameters agy, ayn and v, one at a time, and investigate
again the allocative changes of the transition from Regime 1 to the other regimes. Due to

space limitations, we restrict our attention to the variables

Z W =m0y +sibs, b Z W =MW+ S pWs, W, (23)

with k = 1,2,3,4 and i = N, S. w; is the welfare of a country in group « = N, S and the

prescript k refers to Regime k. Specifically, we focus on the changes

A b= A byt 5D bs, A= b — by o
AN wi=nAwy + sA wg, A ywi= w — W,

)

with k =2,3,4and i = N, S.

3.1 From Regime 1 to Regimes 2 - 4 in the base economy (21, 22)

We determine the signs of the terms (24) that describe the transition of the base economy
from Regime 1 to Regime k = 2, 3,4 with the help of the Figures®® 2, 3 and 4 as follows.
We select the curves depicting the equilibrium value of a variable, say ¢, in the Regimes k
and 1 and denote the equilibrium values as ,¢ and ,q, respectively. Then we identify those
points on these curves that correspond to the parameter value a,n = d,s = 1 and identify

the sign of the difference A ,q := ¢ — 1q.

From Regime 1 to Regime 2. The allocative displacement effects of that transition
(first row in Table 3) are surprising. The North countries’ welfare declines (A w,, < 0,
Figure 4a), the South countries’ welfare rises (A ,wg > 0, Figure 4b) and the aggregate
welfare declines (A ow < 0, Figure 2b). The North countries expand their protected
area (A by > 0, Figure 3a) massively but the South countries reduce theirs almost by the
same extent (A ,bg < 0, Figure 3b). It remains a small increase in aggregate protected land
(A> b > 0, Figure 2a). To explain the welfare loss of the North and the welfare gain of
the South, observe first that the joint action in the North results in an increase of each North
country’s protected area, as expected, because it now internalizes the positive externalities
its protected area generates in its fellow North countries.? The shift from non-protected to

protected areas amounts to subsidizing protected areas or taxing non-protected areas. That

28For the time being, we disregard the variations of the parameter a,s in the Figures 2 - 4. We will turn

to them after the discussion of Table 3.

2Figure 3a shows that ,b, is even larger than the socially optimal ,b !
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raises the costs and reduces the production of grey goods in the North; it gives the South
a comparative advantage in grey goods and the North a comparative advantage in green
goods. The South countries strengthen that comparative advantage by taxing and hence
reducing their protected area or by subsidizing their non-protected area. The distortions in
production created by North and South point in opposite directions, and they are so strong

that aggregate welfare declines.

500000 -
7000 -
480000 -

6500 460000

440000 -
6000 -

420000

SS00F 400000

Figure 2a Figure 2b

Figure 2: Comparison of aggregate protected areas and aggregate welfare (for variations of

Qzn)

From Regime 1 to Regime 3. If the BC market is in operation without coordination in
the North (second row in Table 3), the aggregate protected area and the aggregate welfare
increase compared to Regime 1 (A Y~ ;b > 0,A )" ;w > 0, Figure 2). Although the increases
are relatively small, these results mildly qualify the creation of a BC market without North-
North coordination as a strategy to promote BC. However, it is unexpected that most of
the (small) welfare gain accrues to the North (A w, > 0,A wg > 0 but small, Figure
4) and that the small increase A )" ;b > 0 results from a massive shift of protected arca
from North to South, A by = 4325 < 0 and A ;bg = 525 > 0 (Figure 3). To explain that
shift, observe that the South countries’ choice of ;b;, in Regime 1 balances at the margin the
benefits from grey and green goods. However, the North countries” BC benefits and green
goods are complements with respect to b; such that in Regime 1 the North countries balance
at the margin the benefits from grey goods on the one hand and from green goods and BC
on the other hand. If a North country ¢ wishes to boost B(-), it must increase Y;(b;) as well;
so it chooses more green goods and less BC benefits than it would choose if green goods and

BC benefits were no complements. Put differently, the BC market enables North countries
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to decouple the production Y;(b;) of green goods from the BC benefits B(-).
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Figure 3: Comparison of protected areas (for variations of ayy)

From Regime 1 to Regime 4. The third row in Table 3 describes the changes of moving
from Regime 1 to Regime 4. A>" ,w > 0 (Figure 2b) is obvious since we know that
Regime 4 is socially optimal and Regime 1 is inefficient. From a distributional viewpoint,
the transition is also desirable, because North and South share the increase in aggregate
welfare (A wy > 0,A ,wg > 0, Figure 4). The transition is also favorable with respect
to BC, because the protected area expands in both North and South (A b, > 0,A ,bg >
0, Figure 3), and hence the aggregate protected area is massively boosted (A>  ,b > 0,
Figure 2a). The combination of North-North coordination and North-South compensation
in Regime 4 appears to eliminate the unfavorable features of stand-alone implementations
of the Regimes 2 and 3. The downside of Regime 2 are massive production distortions and
that of Regime 3 are disincentives to protect land in the North.?® The tendency of the BC
market without North-North coordination to discourage land protection in the North and
to stimulate land protection in the South (A ;b\, < 0 and A ;b5 > 0) meets the tendency of
North-North coordination without BC market to stimulate land protection in the North and
to discourage land protection in the South (A ,by > 0 and A ,bg < 0). Thus, combining
North-North coordination with North-South compensation almost neutralizes the opposite
shifts in production in the Regimes 2 and 3 and thus avoids the massive efficiency losses in
these regimes. In sum, the base economy fully meets our expectation of a desirable transition

from the inefficient Regime 1 to the social optimum.

30A common feature of Regimes 3 and 4 is that in the base economy countries have no comparative

advantage of producing goods, since the production parameters o, and o, are assumed to be the same.
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Figure 4: Welfare comparison (for variations of a,x)

Result 3. The transition of the base economy (21, 22) from Regime 1 to the Regimes

2, 3 and 4 changes the allocation is shown in Table 3.

Transition from AY b | Aby | Abs | A w | Agwy | A ywg
Regime 1 to | 1 2 3 4 5 6
Regime 2 1 + ++ — - — +
Regime 3 2 + — + + + +
Regime 4 3 ++ + + ++ ++ ++

Table 3: Transition of the base economy (21, 22) from Regime 1 to Regime k& = 2,3,4

3.2 Parameter variations
3.2.1 The base economy (21, 22) modified by variations of the parameter o,

In the preceding Section 3.1 we discussed the transition from Regime 1 to the other regimes
in the base economy (21, 22) taking advantage of the Figures 2, 3 and 4. That is, we used the
information from these figures only for the parameter value o,z = dn = 1. The Figures 2
- 4 depict the graphs of the equilibrium values of the variables (23) for all economies that
differ from the base economy by the parameter o, . Now we seek to determine how the

entries in Table 3 change wehen we modify the base economy by reducing or increasing the
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value of a, s in the interval [0, 2]. Note that this interval includes the value d,n = dps =1
of the base economy. «,\ determines the productivity of grey goods. If we interpret the
North countries as industrialized countries and the South countries as developing countries,

the relevant case probably is a,n > d,s = 1.

According to the Figures 2 and 3, the sign of the variables A" ,b for k = 3,4,
Ayby, Abg and A) S ,w for k = 2,3,4 remain the same as in the base economy (Table 3)
although significant changes in the size of these differences occur. Leaving the discussion of
the changes in size to the reader, we will restrict our attention to the sign of the differences

A wy and A wg in Figure 4.

From Regime 1 to Regime 2. We find A ,w,, < 0 for all a,y € [0,2] and A ,wg > 0 for
all azn € [0,/ 1.5] as in the base economy. However, ywg is decreasing in ayr, while jwg
is increasing for o,z > dus such that A ,wg turns negative for a,pr > 1.5. The explanation
is that if the North countries become significantly more productive in grey goods than the
South, the South’s comparative advantage of producing grey goods declines, which reduces
its welfare until eventually all countries are worse off than in Regime 1. That devastating
result appears to be relevant, because in the real world North countries produce grey goods
with significantly more effective technology than South countries. Increasing v, raises the
welfare weight on the North’s production of grey goods relative to the welfare weight on
the North’s production of green goods. Consequently, there is a shift from protected to
non-protected area such that the sign of the difference A )" ,b switches from positive to
negative for large values of a,n. The reduced aggregate protected land in turn diminishes

BC and causes the losses of the North’s welfare and the aggregate welfare.

From Regime 1 to Regime 3. The difference A jw,, is positive for all a,n € [0,2].
The difference A ;wg turns negative for agy > agyn. Both differences get smaller with
increasing o n. The explanation is the same, in qualitative terms, as in the base economy
for all a,n € [0,2] with the exception that the South does not experience a small welfare

gain but suffers a small welfare loss for a,n > Q.

From Regime 1 to Regime 4. In Figure 4 we find two threshold values of the parameter

‘v €]1,2[, such that A jw,,, A ywg > 0 for all a,pn €]al a2y

Qzp, say oy €]0, 1] and o
as in the base economy. For all a,y < o, the North countries lose (A jw, < 0,A ;wg > 0)
and for all a,n > o, the South countries lose (A ,w, > 0, A ;wg < 0). These unexpected
differential welfare effects call for an explanation. If a,n < ), the average and marginal

productivity of the non-protected area is higher in South than in North such that South
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exports grey goods to and imports green goods from North. The North countries’ welfare
drops below its level in Regime 1, because of their payments p,z%; > 0 to South and because
their terms of trade deteriorate (Ap, > 0, Result 2). Scenarios with o,y < o, appear to
be implausible, however, because in the real world the productivity of grey goods is higher
in developed countries by a wide margin and because we take it as a stylized fact that
developing countries import grey goods from and export green goods to North. In the more
relevant case o,y > ol the terms of trade favor North and are so unfavorable for South

that the South countries are worse off in Regime 4 than in Regime 1 (A jwg < 0).

We summarize the findings we consider relevant in

Result 4. Let the world economy differ from the base economy (21, 22) in that the
productivity of grey goods is significantly higher in North than in South (aun > Gun =

Gps = 1).
(i) When moving from Regime 1 to Regime 2, North’s welfare and aggregate welfare decline

as in the base economy, but now South is worse off as well, in contrast to the base

economy.

(i) When moving from Regime 1 to Regime 3, North’s welfare and aggregate welfare rises
as in the base economy, but now South countries are worse off, in contrast to the base

economy.

(11i) When moving from Regime 1 to Regime 4, North gains and South loses although South

receives compensation from North for the moderate expansion of its protected area.

In our view, the most counterintuitive and disturbing outcome is that South loses when the
economy moves from the inefficient Regime 1 to the socially optimal Regime 4 (Result 4(iii)).
This case of South’s welfare loss despite compensation for BC is reminiscent of Bhagwati’s
(1958) ’immiserizing’ growth. The common feature of both anomalies is that they are caused

by falling terms of trades in South.

3.2.2 The base economy (21, 22) modified by variations of the parameter a, .

Now we replace the parameter value &,y = 11 used in the base economy by € [2.5, 16],
and we infer the signs of the corresponding differences (24) from the Figures 5, 6 and
7. Inspection of the graphs in Figure 6 shows that A b, > 0 for k = 2,4, A b\ < 0,
sigh A ;bg > 0 for k = 3,4 and A ,bg < 0 as in the base economy. For all ayn > dyn the

welfare results are also as in the base economy. It remains to discuss the case oy < Gyn =
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Qs that arguably is empirically relevant, because biodiversity plays a greater economic role
in South than in North.
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Figure 5: Comparison of aggregate protected areas and welfares (for variations of a,y )

From Regime 1 to Regime 2 for oy < &,s. Figure 5 reveals that there exists a positive
value of o,y such that A" ,w turns positive for all oyn smaller than this threshold value.
A by remains positive and A ,bg remains negative, as in the base economy, but the positive
difference A" ,b increases with decreasing values of ayn. The switch in sign of A)" w
occurs because A yw,, turns positive. Decreasing oy reduces the comparative advantage
of producing green goods in North, which leads to an alignment of input use in North and
South. That alignment reduces production distortions and enhances BC. In Figure 7a, the
increase of BC induces, in turn, the switch of A ,w,, from negative to positive for sufficiently

small aypr.

From Regime 1 to Regime 3 for o,y < &,s. We infer from Figure 5 that for sufficiently
small values of oz the differences A" b as well as A ) ;w turn from positive to negative.
That switch in sign also happens to A yw,, for sufficiently small values of o, (Figure 7a),
while A jwg is positive but close to zero for all ayy € [2.5,16]. If ayp is small, South has
a comparative advantage in producing green goods. The idea of the BC market is to shift
some production of green goods that is less productive than the production of grey goods
from North to South. That does not work if oy < dys and |ayn — dys| large. Although

South expands its protected area, the reduction in North overcompensates that expansion

20



Figure 6a Figure 6b

Figure 6: Comparison of protected areas (for variations of ax)

such that the aggregate protected area decreases. Consequently, not only North’s welfare

but also total welfare declines compared to Regime 1 for small values of oy
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Figure 7: Welfare comparison (for variations of ay,y)

From Regime 1 to Regime 4 for o,y < d,s. When the economy moves from Regime 1
to Regime 4, we find that the signs of all changes are as in the third line of Table 3 with the
exception of A wg. In the plausible case that a, s is much smaller than d,s, the average and
marginal productivities of the protected area are higher in South than in North such that
South exports green goods to and imports grey goods from North. The South countries’
welfare falls below the level in Regime 1, because their terms of trade deteriorate (Ap, > 0,

Result 2), whereas the North countries’ welfare rises.

We summarize the findings we consider relevant in
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Result 5. Let the world economy differ from the base economy (21, 22) in that the
productivity of green goods is significantly higher in South than in North (o, < dys =

v = 1).

(i) When moving from Regime 1 to Regime 2, the aggregate welfare rises in contrast to
its decline in the base economy. The beneficiary of this change s North because yw

changes from negative to positive.

(i) When moving from Regime 1 to Regime 3, the aggregate protected area and the aggregate
welfare decline in contrast to their rise in the base economy. That deterioration hits

North, because sw,, changes from positive to negative.

(11i) In qualitative terms, Regime 4 compares with Regime 1 as in the base economy (third
line in Table 2) with the important difference that the South countries” welfare is now
lower instead of higher than in Regime 1.3
The impact of the parameter variations v € [0, 3] on the transition of the economy

from Regime 1 to the Regimes 2, 3 or 4 does not provide new insights. For the sake of

completeness, the associated figures are presented in Appendix D.

4 Concluding remarks

The paper analyzes concepts to conserve the global public good ’biodiversity’ based on the
assumption that biodiversity is positively correlated with that share of land which is effec-
tively protected by land-use restrictions against the deterioration of habitats and ecosystems
(land-use approach). The size of the aggregate protected land is the indicator of biodiver-
sity conservation (BC). The willingness-to-pay for BC is assumed to be positive in developed
countries (North), but much lower (here: zero) in developing countries (South). We denote
as Regime 1 the world economy in which no external biodiversity benefits are internalized
and focus on two concepts to promote BC: (i) the coordinated BC in North (Regime 2)
and (ii) North’s compensation for BC in South modeled as a BC market (Regime 3). We
investigate the impact on BC and welfare of the transition from Regime 1 to the Regimes
2, 3 and 4 (with Regime 4 being the combination of the Regimes 2 and 3). In a parametric
version of the model, we derive a number of unexpected results. The move from Regime 1
to Regime 2 may reduce BC and welfare in North and South. The move from Regime 1 to

Regime 3 hardly improves BC and welfare in our simulations. The distributional effects of

31This is another case of immiserizing BC support of the South’. See Result 4(iii).
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the move from Regime 1 to the socially optimal Regime 4 may be undesirable, because it

can make North or South worse off.

The paper’s message is that unexpected and undesirable results are possible. Although
the robustness and empirical relevance of the results are not clear due to the simplicity of
the model and the small number of simulations, our model does capture important channels
of market and non-market interdependencies between all countries that improve our under-
standing of the economic drivers of BC. Regime changes affect the aggregate welfare and the
welfares of North and South directly via BC benefits or losses and indirectly via markets,

via opportunity costs of land-use changes and via changing terms of trade.

The concepts of promoting BC we formalized in the Regimes 2 and 3 are difficult
to implement in the real world. The BC market (Regime 3) has great appeal, but the
assumption that all agents are price takers on that market is unrealistic unless North acts
as one agent. If not, the North countries have free-rider incentives because they benefit
from all purchases of their fellow North countries. A similar caveat relates to North’s co-
ordinated action that internalizes, by presupposition, all external biodiversity benefits the
North countries generate in their fellow North countries. Modeling that perfect North-North
coordination as a BC market is subject to the same limitations as the BC market in Regime
3. Modeling it as an agreement among all North countries would raise intricate issues of free-
riding and self-enforcement well-known from the literature on international environmental

agreements.

It is necessary and rewarding to deepen and extend our analysis in various directions.
We need to know how robust the results are when countries are allowed to be less alike
and when functional forms are less restrictive. The premise that the non-market benefits
from BC are linear in aggregate protected area and the same for all North countries pro-
vides analytical relief, but is not harmless. To study these desiderata adequately, large-scale
CGE models are required with realistic calibration to identify the empirically relevant re-
sults in the set of possible outcomes. Not least, our static model cannot offer insights in
the dynamics of irreversible biodiversity loss that is currently occurring or pending in the
real world. There is some literature on the dynamics of biodiversity conservation, e.g. on
landscape heterogeneity that affects species’ growth and biodiversity (Brock et al. 2010) or
on biodiversity conservation in a Hotelling model with a non-renewable resource (Perrings
and Halkos 2012). However, tractability usually requires a difficult choice between dynamics
with strong reductions of complexity on the one hand and statics with more complexity and

informative results on the other hand.
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Appendix

Appendix A

In the main text of the paper, we treat the protected area b; as the governments’ policy
parameter implicitly assuming that the land zones are imposed in a command and control

fashion. An alternative and equivalent way to implement land zones is to subsidize the
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input of protected areas in the firms producing green goods. To model that kind of price
regulation, we need to consider country i’s (domestic) land market in the formal model.
Denote by p; the land price in country ¢ and by o; the subsidy per unit of protected area
used as input in the production of green goods. Maximization of profits p,X;(e;) — p;e; and

Yi(b;) — (p; — 0;)b; of the price-taking firms yields

pX!(e;) —p; = 0 with X!dp, + p.X/de; —dp; =0, (A1)

Combining (A1) and (A2) with the land market equilibrium condition

leads to do; = X/dp, — (p. X! +Y/)db; and dp; = X/dp, —p, X!db; after some rearrangement
of terms. These equations give us the functional relationships
o; =0i(bi ,p.) and  p;=pi(bi, ps). (A4)
EORNEN ) )
(A4) shows that the government’s increase of protected area triggers an increase of both the
subsidy on the protected area and the price of land, ceteris paribus. The subsidy on the
protected area increases the firms’ profits that are transferred to the representative consumer.
However, the government imposes a (lump-sum) tax, say m; = o;b;, on the consumer to
finance the subsidy such that the consumer’s income is p, X;(e;) — pie; + Y;i(b;) — (pi — 0;)b; +
pil; — m = p.Xi(e;) + Yi(b;). In other words, the land market and the subsidy on the
protected area do not play a role in the formal model so long as we take the land-zoning

decisions (b;, e; = ¢; — b;) to be the governments’ policy parameters.

Appendix B

Maximizing the Lagrangean (20) yields the first-order conditions

aa—fg = V/=-XAN=0 i€, (B1)
g_;g = U -)\=0 icQ, (B2)
gf’i = LX[+HAY A =0 ieq, (B3)
% = nB -\ =0. (B4)

The standard procedure of equating shadow prices with prices on perfectly competitive
markets yields A, = p,, Ay = p, and A\, = p, and proves that the allocation in Regime 4 is

efficient.
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Appendix C

Regime 1. The consumer’s demand for grey goods is given by

Vieh) =p, <<= af= a _ﬁpm =27 fori=N,S. (C1)

Inserting the demand (C1) and the supply z; = 2a,./€; into the equilibrium condition

(n + s)z? = nzy + szs we obtain

z 2p
pe = Pf(es,en) =a — . [sazsv/€s + naga/en (C2)
Inserting the parametric function into
Y/(bi) — po X[({ —b;)) +0(i)y =0 fori=N,S (C3)

yields

PaxCN POy
Vey = ———, es= S (C4)

QyN + 7 ays

Inserting (C4) into the price function (C2) and solving for p, we get

a(n + 5)(a + V)ays

19 ’
where ¢ 1= nays (ayn + 20258 +7) + s (v +7) (s + 2a2g3). Finally, making use of
(C5) we get

1Pr = (C5)

a*(n + 5)20@/\/&53

16./\/ = ¢2 ) (C6)
1
a?(n + 8)2a2y (ayun + )3
s = ( ) (;\é’( Y. ) (07)
1
and
by =L —1ep,  1bs =1 — es. (C8)

The welfare levels of North and South countries are given by

B
Wy = alxd - 5(155(1)2 + 1D, (20%/\/\/ 16N — 1xd) + O‘yN(E - 16/\/)

(4 s)l — nyey — sqe5], (C9)
ws = ap’ — g(ﬂd)Z + 1Py (20%8\/ 16s — 1$d) + oys(l — qes).- (C10)
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Regime 2. While the consumer’s demand (C1) and the price function (C2) remain un-

changed, inserting the parametric functions into the first-order conditions
Y!(b;) — p X (0 — b))+ 0(i)ny =0 fori=N,S. (C11)

we obtain

\/@ _ PzOlgN : \/% _ p:vO‘:vS. (C12)

QN+ 1Y Qys
Calculations analogous to those in Regime 1 yield

a(n + s)ays(ayn +ny)

r = , C13
oP 5 (C13)
a’(n + s)%a?, a2
26./\/ = ( )2 N ys) (C14)
20
2 2.2 2
o — a*(n+ s) axggay/\/—irnfy) | (C15)
2

where 40 = s (ays + 20250) + n?aysy + nlayways + 202 ays B+ sv(ays + 2a258)] and

Wy = azxd - g (2xd)2 + oD, (20‘14\/\/ 26N T 237d) + ayn (€= 9epr)

+y[(n+ 8)l — nyepr — Syes], (C17)
B 2
Ws = ayx? — 5 (527) "+ op, (20usy/285 — 22%) + ays (0 — 4e5) . (C18)
Regime 3. In the Regime 3 the consumer’s demand is given by 2% = % and the price

function by

2
pe = P%(2s,2xv) = a — nfs (saw‘g\/les — 28 + nagn/ 1€ — ZN) . (C19)

Solving the first-order condition

Yi(1bs + 2s) — puXs(l — 1bs — 25) +p. = 0, (C20)
Y/(/(1bN+ZN)—PxX//\/(£_1bN_ZN)+7 = 0 (C21)

and p, = 7, one gets

PzOlgN P2Cizs
Viey — AN = ———, 1y — s = —— (C22)

ayN+7’ O‘yN‘i‘fY.

Next, we insert (C22) into the price function to obtain the equilibrium price

)y + ) oys ) o)
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where 3¢ 1= n(ay,s + ) (ayn + 202,56 + ) + s(ayw + ) (ays + 20246 + 7), and hence

a(n + s)an (s +
View— oy = drtsendtst) (c21)
3
T - a(n + s)azs(ayn + ”y). (C25)
3
Inserting (C5) and (C6) into (C24) and (C25) and solving for zyr and zgs yields
2
a
zy = a*(n+s)a? { us
A O | (s T 202 )y 1) + s+ 2028 1 )T
2
30
s2s = a’(n+s)ais(oayn +7)?
1 1
[ : ] ()
s(ays + 2a558) (ayn + ) + nays(ayn + 20558 + )] 30
a’(n + s)*agx(ays +7)?
ey = Qg v + 320, (C28)
3
a’(n + s)?a2g(ayun + )3
3¢s = ( ) ;2( . ) +32s- (C29)
3
The welfare levels are
I} 2
Wy = ayet — 9 (3xd) — 3Py (20%/\/\/ 36N T 3$d) + ayw (0 — sen)
+y[(n+ s)0 = ngen + sses] + 30, (320 — 3207 5 (C30)
g

2
ws = ay’— 5 (3xd) — 3Pz (20%8\/ 3¢s — 3$d) +ayy (0= ges) + 30,527, (C31)

\)

where 5p, = v and 32 = £ (ngzy + 5325).

Regime 4. Inserting (C1) into the first order conditions

Yi(1bs + 2s) — paXs(0 — bsg — 25) +p. = 0, (C32)
Yi(1bp + 2n) = 02X (€ = 1oy — 23) + 1y = 0, (C33)

p. = n7y and solving (C32) and (C33), we obtain

PzOlzN PzCys
Viey — v = ———— b — 2§ = ——————. (C34)

QN+ nfy’
Using the same steps of rearrangements as in Regime 3 we get

aln—+ s)(« —+ nvy)o
4pm _ ( )( y(/;f ’Y) ij (CB5)
4

where

@ = soyn (ays +20258) + 1y + 0’y (aun + ays + 2028 + s7) (C36)
+n [202aysB + 57 (ays + 2a258) + ayn (ays + 57)] (C37)
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and

a(n + s)agn(oys + ny)
V 1Ny T AN = 4¢ ’

aln + s)aus(ag + 1)
4

Inserting (C6) and (C7) into (C38) and (C39) and solving for zy and zg yields

2
2 2 9 Ays
1N = a(n+8)06/\/[ 5
| [slays + 20258) (g + ) + nays (o + 20258 +7)]
(oys + ny)?
192 ’
« + 2
s = a*(n+s)?a’s [ - (ayn +7) : ;
[’I’L(Ozy_/\[ + 20593./\[5 + 7)0@3 + S(Q?JN + 7)(0[3/3 + 20[1‘85)]

_ (ayn + n'Y)Q]
19° '

a*(n + s)* a2 (ays +n7)°
€N = ¢2 ’ + 42N
4

a?(n+ s)2aig(ayny + ny)?
4s = 02 478
4

by =C—sen,  sbs =1 — ses.

The welfare levels are given by

&
AWy = ax’ — 5(43761)2 + 4Dy (2041/\/\/ 4EN T 4xd) + ayn (£ — 4ep)
+y[(n+s)l —ngen — sues] + 40, (420 — 42'Nd)7

B
s = am’— 5(43761)2 + 4Dy (2%8\/ 4€s — 455d) + ays(f — 4e5) + 4P.4%s)

where yp, = ny and 4z ? = L (nyzy + s42s).

Proof of Result 2: To prove A p, for k = 2,3,4 we calculate

2a(n — 1)n(n + s)a2aZs By
o=, = A Dnlnt Sanasshy
1029

2as(n + s)o2 By (ayny +7)°
3Pz = 1P =
1030

> 0,

2an(n + s)By [sads(ayn +9) (v +n7y) + (0 — DaZyays(ays +ny)]

(C38)

(C39)

(C40)

(C41)

(C42)

(C43)

(C44)

(C45)
(C46)

> 0.

Py — 1Pr =
weod 1949

From z? = %, we immediately get A ,z¢ < 0 for k = 2,3, 4.
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Appendix D

The base economy (21, 22) modified by variations of the parameter v € [0, 3].
The impact of the parameter variations v € [0,3] on the transition of the economy from
Regime 1 to Regimes 2, 3 or 4 is presented in the Figures 8, 9 and 10. We find that except
for the positive sign of A>" ,b for small values of v, which is also present in Figure 5 for

low values of ay, all signs of the differences (24) are as in the base economy (Table 3).
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Figure 8: Comparison of aggregate protected areas and welfares (for variations of /)
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Figure 9: Comparison of protected areas (for variations of )
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Figure 10: Welfare comparison (for variations of )
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Figure 11: Terms of trade, p,, and exports of grey goods (for variations of a,yr), ex; :=

Figure 12: Terms of trade, p,, and exports of grey goods (for variations of ayy), ex; =
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