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Abstract

Currently, spatial optimisation of terrestrial biodiversity conservation is generating a lot
of interest. A pressing matter is whether biodiversity conservation is best served with a
single large or several small biodiversity reserves. In this paper, we adapt the Fujita-
Krugman-Venables (FKV) spatial equilibrium model to include habitat loss and two
subsets of species with divergent extinction risks. Compared to the FKV results, we
discover additional equilibrium types and a tendency towards a symmetric solution. We

explore the possibility of strategic environmental policy.

Keywords: biodiversity, habitat conservation, reserve sites, spatial economics,

population dynamics



1. Introduction

The spatial arrangement of biodiversity reserve sites is of paramount importance in
biodiversity conservation. Ecologists have long grappled with the question whether the
best approach to biodiversity conservation is to establish a single large reserve or rather
several small reserves, the so-called SLOSS debate (see Kingsland, 2002 for a review).
Economists are starting to turn their attention to this issue as well. New techniques allow
economists to model spatial variations in the opportunity costs of reserves sites. Our
paper contributes to this literature by introducing species sets with divergent extinction
risks in a model of manufacturing concentration and labour mobility.

One approach to the SLOSS-problem that economists may take is to maximise an
environmental goal, such as the number of conserved species, given a fixed budget
constraint (the reserve site selection problem). For instance, such literature may consider
the impact of information about species (e.g., Polasky and Solow, 2001) or various
biodiversity indicators (e.g., Arthur et al., 2004) on the spatial distribution and relative
size of habitat sites. In these models, historic (and future) land use patterns are
exogenous. Wholly different conclusions on the SLOSS debate may be reached, however,
when land use patterns are endogenous to the model.

In renewable resource management much progress has been made with spatial aspects
of biodiversity conservation. Swanson (1994) addresses the opportunity costs of
reserving land for single-patch resources. With multi-patch resources, dispersal effects
and habitat heterogeneity influence the patch-specific optimal management regime (e.g.,
Sanchirico and Wilen, 1999). These models may also be employed to investigate the
management effects of establishing some patches as reserve sites (Sanchirico and Wilen,
2001; Smith and Wilen, 2003; Sanchirico, 2005). Resource harvesting is a fundamental
part of these models, however, leaving little room for preserving species and habitat areas
based on other motives than direct use values.

Economic agents other than resource owners, for instance, may value a stroll through
a natural area every now and then. If that area is in poor shape, it could be a compelling
reason to move to another region. The impact of regional environmental conditions on
population mobility is studied in e.g. Sandmo and Wildasin (1999) and Hoel and Shapiro

(2003). Using such models the welfare effects of regional environmental taxation



strategies can be analysed in both cooperative and non-cooperative games. Trade models
that look at biodiversity and habitat availability are less abundant. Barbier and Schulz
(1997) consider a single region that implements trade policies, using total species
numbers as a concave function of habitat availability, the so-called species-area curve. In
Polasky et al. (2004), a two-region system is modelled where the number of species is
split into species that are associated with forests and agricultural land. The species-area
curve is used for both species types, although there may be multiplicative differences.

In this paper, we intend to make several steps in a single bound. First, we adapt the
model in Fujita et al. (2001; henceforth FKV) and incorporate labour migration being
affected by regional environmental damage (as in Elbers and Withagen, 2004). In this
model both decisions on plant location and labour migration are endogenous. Second, we
tie labour concentration to a finite stock of habitat, which affects biodiversity. As land is
scarce, the government charge firms a to use the land. This rent affects profits as well as
the wage rate and therefore also the location decisions of both firms and labour. Third,
we define two subsets of species, one of which is more susceptible to habitat loss than the
other. This set-up differs from Polasky et al. (2004) in that it is not the maximum number
of species that varies between species types, but the response curve of either to habitat
loss. With these divergent extinction risks, the biodiversity curve becomes logistic, rather
than concave.

Our results suggest that the FKV results are overturned by including biodiversity in
this way. We find that additional types of equilibria may emerge in certain cases and that
the model displays a definite tendency towards a symmetric pattern of manufacturing and
biodiversity conservation. With respect to strategic behaviour in environmental policy of
the regional, the model generates multiple equilibria. We show that it is nonetheless
possible for governments to move out of undesirable patterns of production.

We describe the model in the following section. We compare our basic results with
those in FKV and provide in-depth analyses of parameter settings and policy measures in

section 3. Our conclusions are presented in section 4.

2. The model



2.1. The basic model

The model includes two regions, domestic and foreign. In our outline of the model, we
focus on the domestic region; an asterisk marks variables pertaining to the foreign region.
Consumers from both regions share identical preferences and all firms have access to the
same technology. In both regions, there is production of an agricultural good and of a
composite manufactured good. Both of these goods require inputs of labour and land.
Land is the property of the regional governments that rent it to the manufacturing and
agricultural sectors. The revenue is redistributed in a lump-sum fashion to all regional
inhabitants. Land that is not used in agriculture or manufacturing is a natural area on
which biodiversity exists. The level of biodiversity influences migration decisions of
labour.

The homogeneous agricultural good ¢, is produced under perfect competition and
with constant-returns-to-scale in unskilled labour L,, so ¢,=L,. We want the
agricultural good to function as a numeraire, so we set p, =1. No transportation costs are
associated with trade of agricultural goods and hence output prices as well as the wage

rates for unskilled labour are identical in both regions, w, = p, =w, = p,,. The supply of

unskilled labour is inelastic and equal in both regions, L, =L, . Agricultural production
also requires land as an input with a constant land-to-labour ratio. We assume that the
rent for agricultural land is zero and, since L, is immobile, agricultural land use is fixed.

Hence, agriculture does not affect migration patterns of skilled labour and we disregard it
in the following.
We now describe the manufacturing sector of the economy. It is characterised by

monopolistic competition. There is a continuum of manufactured commodities of 7

varieties, where each firm produces only one variety iD[O, fz] in only one region. The
amount of domestic varieties » is the range [O, n] and foreign varieties n" belong to the

interval (n,ﬁ —n] . Varieties of the manufactured good are subject to transport costs only

when transported between the two regions. Production of all varieties requires skilled
labour, which is mobile between the two regions. Moreover, land is also an input to

production and firms rent land from the regional government. Production of the



manufactured good is subject to economies of scale at the level of varieties. Total
production ¢,, of variety i has a labour demand /,, with fixed input /' and marginal
input ¢,,

l, =F+c,q, (1)
A firm’s demand for land is determined by the land-to-labour ratio b,,, which is constant

and identical across firms. Hence, there are increasing returns to scale in land use as well
as in labour. Each region has a given total supply of surface area S, which is allocated

either to manufacturing S,, or habitat §,, :

§S=S, +S, =ns,, +S5, (2)
where s,, indicates the demand for land of each firm s,, =b,,/,, .

The firm faces wage costs w,, and land rent d . The firm’s profits are

T=Dy,qy —(WM +dbM)(F +chM) 3)
where p,, is the mill price of manufactured goods. Monopolistic competition allows
firms to earn economic rents by applying mark-up pricing. Since each firm uses the same
technologies, all domestic firms set the same price p,,. Competition drives profits down
to zero. With an isoelastic demand function, with the parameter p (O <p< 1) indicates

the degree of consumer preference for variety in manufactured goods to be derived

below, profit maximisation implies that all firms set the mill price at
Py —Cy (WM +dbM)/:0 4)
Because of competition, each firms earns zero profits in equilibrium, so output and

demand for labour and land, respectively, are

g, =F(o-1)/¢, (5a)
l,=Fo (5b)
s, =b,Fo (5¢)

The domestic equilibrium supply of skilled labour is L, =nFo with o=1/(1- p)and

total land use in manufacturing is S,, =nb, Fo. Hence, equilibrium habitat area is

' We dispense with subscript i, except where it is necessary for the exposition.



S, =8 —nb,, Fo . Clearly, regional habitat decreases as the number of skilled workers in

that region grows. The higher the land-to-labour ratio, the more pronounced this decrease
in habitat area is. Furthermore, full concentration of manufacturing in, e.g., the domestic
region, n=1, corresponds to Sy = 0 only when b, =1/Fo. Should production

technology be more intensive with respect to land use then full manufacturing
concentration cannot be achieved. On the other hand, full depletion of the resource
biodiversity is impossible with a less land-intensive production technology.

Next, we turn to consumer behaviour. A representative consumer has the following

welfare function

U(A4,M,B)=M"A" +@B(r,e) (6)
where A4 is consumption of the agricultural good, M 1is a composite index of the
consumption of 7 varieties of the manufactured good, and (0 SUS 1) is a constant.

The local level of biodiversity B is a function of local species richness » and the local

number of specialist species e. We return to this composite biodiversity indicator below.

The marginal benefit of biodiversity, @ (qoz 0) , 1s assumed constant. M is defined by a

constant-elasticity-of-substitution (CES) function

; 1/p

M :{jm(i)pdz} (7

0
with m(z) consumption of variety i. The parameter p indicates consumer preference
for variety in manufactured goods. If p goes to unity, varieties of manufactured goods
become perfect substitutes; if it approaches zero, varieties are complements. The
elasticity of substitution between varieties is defined o =1/ (1 - ,0) , so that o >1. Given
p, and price p, (z) for variety i of manufactured goods and per capita income y, all

consumers face the budget constraint
y 2 pA+[m@)p, (i)di ®)
0

From equations (6), (7) and (8), we can derive the total demand functions for the

agricultural good and for variety i of the manufactured good

A=(1-u)Y/p, (9a)



o (D)
m(i)=uy G 7 (9b)

where Y indicates total income of the domestic region and G is the domestic composite

price index for manufactured goods:

Y=w,L, +w,L, +dnb, FOo (10)
i 1/(1-0)

G= {fpm (i)l_adi} (11)
0

Respectively, the first two terms on the right hand side of equation (10) indicate that Y
consists of labour income from skilled and unskilled labour. The third term expresses the
lump-sum redistribution of total revenue from renting land to firms. The form of equation

(11) is convenient since p,, (i) = p,, and thus equation (11) collapses to G = p,,i" (=)

The latter form more clearly indicates that G depends on both 7 and o . Specifically, the
composite price level drops with an increase in 7. The higher elasticity of substitution o
is, the stronger this effect is.

So far, we have described a closed economy. In our intended two-region system with
trade, manufactured goods that cross the border bear transport costs. Hence, the mill price

of domestic goods is also the market price, i.e. p,(i)=p, and p, (i) = p,,. Domestic

consumption of foreign goods, however, is affected by transport costs. These costs take
the form of Samuelson’s “iceberg”: for each unit delivered 7 =1 units must be shipped.

Consequently, equation (9b) becomes
m(i)= | i G+ py, TG | (12)

and equation (11) turns into

1/(1-0)

G= [np;U s pLT)l_U} (13)

Labour migration is central to the model and affects all the important variables. In FKV,
skilled workers migrate to the region where firms offer the highest real wage. Here,
migration decisions of skilled workers are based on the broader concept of per capita

utility of skilled labour u,, depending on both consumption and regional biodiversity.

Migration is described by



n=x(u,-u,’) (14)
where parameter kK determines the speed of adjustment. The system is in equilibrium if
there are no flows of skilled workers, i.e., when u, =u . From earlier results, we can

derive that indirect utility from consumption for a skilled worker, given p, =1, is

o (1 - /J)l_” Gy with y per capita income of skilled labour

ds,,
L, +L,

ym:WM+ (15)

The second term on the right hand side is the lump-sum redistribution of land rents, total
domestic revenue divided by the domestic population. We also give domestic per capita

welfare of skilled labour u, and total welfare U , respectively

i ds
=yG*H + M +0B 16
um ‘)U |:WM LM + LAj| ¢ ( a’)
U=¢G™*(w,L, +L, +dS, ) +¢B[L, +L,] (16b)

where ¢ = " (l— /J)l_# for notational brevity. Domestic per capita welfare of the

regional population u equals total regional welfare divided by regional population.

2.2. Adding biodiversity

Relatively many macroeconomic models of biodiversity use species richness as an
indicator for the level of biodiversity (e.g., Barbier and Schulz, 1997; Rowthorn and
Brown, 1999; Polasky et al., 2004). Species richness can be linked to habitat size by use
of the species-area curve (MacArthur and Wilson, 1967). This curve suggests that species
richness is a concave function of habitat size (as in . There is, however, more to

biodiversity.

*kk here***

Aside from species richness, the relative population abundance of these species is very
important and several biodiversity indicators exist to account for this (Magurran, 1988).

There are issues of scale, spatial patterns and underlying ecological processes and



dynamics (e.g., Armsworth et al., 2004). Also, some species are simply preferred over
others, indicating that the public’s perception of species also plays a role in conservation
choices. Hence, more than just species richness affects the trade-off between biodiversity
conservation and economic goals.

In our model, welfare of skilled workers is affected by total species richness and
specialist species richness. Generalist species are able to use a wide range of resources
and hence can compete in various habitat types. Specialist species, on the other hand, are
limited to habitats with narrowly defined resource conditions. As a result, specialist
species are spatially clustered and thus more susceptible to habitat loss than generalist
species (e.g., Kitahara et al., 2000). We divide regional total species richness R into
specialist species richness £ and generalist species richness G :

R=E+G (17)
and we use the species-area curve to determine R :

R=yS,’ (18)
with y>0 and 0<6 <1 as region-specific parameters.

We also need to determine the richness of a separate subset of total species. Our
model, however, is complex enough without explicitly including multiple habitat types,
as in Polasky et al. (2004). We assume that habitat §,, comprises habitat for generalist
species and habitat for specialist species. Both types of habitat are distributed uniformly
over S, , so that with each unit of S, lost both types of habitat lose a proportional

amount. This seems a strong assumption, since in reality specific habitats are not
distributed randomly and the exact location of habitat loss matters. As we discuss below,
however, it leaves room for spatial interpretation. A secondary species-area curve can be
used to trace the decline of specialist species richness with loss of general habitat area

(Kinzig and Harte, 2000)

E=xS,° (19)
with 0< Yy <y and { >1, where { expresses the degree of spatial clustering of specialist
species. When Y approaches ), the potential total species set consists mostly of
specialist species. illustrates the implications of ¢ for the relation between

specialist species richness and habitat availability.



***here***

shows the decline of specialist species numbers with habitat loss for a low and a
high degree of spatial clustering of specialist species. For high ¢, specialist species
numbers already become negligibly small at a much higher level of remaining habitat
(Sl) than when { is low (Sz). A low ¢ indicates, for instance, that the total habitat
area for specialist species consists of multiple smaller patches instead of one contiguous
ared A diffuse distribution of specialists would lessen the impact of habitat loss, because
populations may persist locally.

hmm in this model between generalist and specialist species richness also

deserves some attention. From equations (17)-(19) we can derive the rate of change in

generalist species richness, which is é/G=(R/G)9(:S'H/SH)—(E/G)Z(:S'H/SHJ.

Hence, the effect of habitat losses or gains on the composition of » depends on initial

conditions of habitat availability. Suppose that y =y, 8 { and a high initial level of

S}, . A comparison of with shows that £/G is large relative to R/ G,

which implies that the rate of change of generalist species richness is negative. This
crowding-out effect implies that if initially S,, is large, further increases in habitat area
are to the benefit of the specialist type.

Finally, skilled workers perceive the level of biodiversity as a combination of total
species richness and specialist species richness. This indicator is

B=a,R+a.E (20a)

with parameters @, |and @, as|weighting factors, a,+f{r, =1. Substituting the

equilibrium demand for land gives the perceived level of biodiversity in equilibrium.

With some rewriting, equilibrium biodiversity becomes

B=a,y(S-nb,Fa)’ {1 +[%J (S —nb, Fo)° ‘5} (20b)
R



From equation (20b), several things about the role of specialist species become clear. The
first term on the right hand side is the species-area curve as a function of the number of
varieties produced in a region and the land-to-labour ratio. The term between brackets
describes the effect of the specialist species in a region on the perceived level of
biodiversity relative to total species richness. Perceived biodiversity increases as the

potential species set consists of more specialist species, as shown by the ratio /). The
exponent (Z - 9) indicates the degree of spatial clustering of specialist species relative to

the spatial distribution of generalist species. The more spatially clustered specialist

species are, the higher is their contribution to the perceived level of biodiversity.

2.3. Normalisation and equilibrium

We choose units of measurement that simplify the above equations without loss of
generality (FKV, p. 54). Setting c,, = p implies that the pricing equation (4) becomes
Py =w,, +db,, . Equilibrium output can be rewritten as ¢, =/,,. Furthermore, fixed
costs are set F' = (// 0, which gives zero-profit output ¢,, =/,, = . Each firm uses an
amount s,, =b, M of land. It is convenient to normalise S =S5,, +§,, =1; the amount of
habitat available in equilibrium becomes S, =1-nb,, 1. We also normalise total labour,
of which (1—,u) is unskilled agricultural labour. Unskilled labour is evenly divided
between the two regions. Consequently, a fraction g is skilled labour and thus
np+n" =y or i=n+n" =1.Finally, the agricultural good is the numeraire: p, =1. So

simplified, equilibrium is described by the following set of equations

Y =nuw, +(1_2”J +dnb,, i (21a)
Y =npuw, +(Tj +d nb, U (21b)
1-o * * * 1-o 1/(1_6)

G =[n[wM +db, )" +n' ([w), +d'b, |T) } (222)

1/(1-0)

G = [n([wM +db, | ) +n' [, +d*bM]1_U} (22b)



/o

w,, = [YG‘H +Y°T" (G*)H} ~db,, (23a)

o 1/o .
W, :[YT“’G‘H +v'(G) 1} ~d'b, (23b)
Reduced form expressions of per capita utility of skilled labour, total regional welfare

and regional biodiversity in terms of the number of varieties are

2dnb,, u

TR -u)} +¢B (24a)

u, (n) =yG™* |:WM +

U(”l) =yG™ {nleM +(1_T'uj +dnbMﬂ} +¢|:n/*1 -{1_7/1]}3 (24b)
where

B=a,y(1-nb, 1)’ +a,x (1 -nb, u)° (24c)
Equation (24a) contains the three factors that influence migration dynamics of skilled
labour. The first is the wage rate that is directly related to utility from consumption. The
second factor is the additional income of redistributed revenue from land sales. Finally,
biodiversity contributes to utility. The latter two factors show that land purchases by
firms have an ambiguous effect on utility. On the one hand, the concomitant revenues
from land sales increase utility from consumption. On the other hand, utility derived from

biodiversity decreases as habitat area is developed for production.

3. Analysis

3.1. FKV and the SLOSS debate

The FKV model contains both centrifugal and centripetal forces that act on the
geographic pattern of manufacturing. Centrifugal forces cause concentration of
manufacturing in a single region whereas centripetal forces leave manufacturing
distributed over both regions. The ‘price effect’ means that in the region with the larger
share of production only a small share of consumption bears transport costs. Hence, the
price index is low and the real wage is high, attracting more skilled workers and causing
further concentration of manufacturing. The ‘home market effect’ functions analogously.
Firms prefer to settle in the region with the larger market, because of better access, i.e.,

no transport costs, to this larger market. It turns out that transport costs play a pivotal role



in determining the strength of these centrifugal forces. FKV find two possible

equilibrium patterns of manufacturing: an asymmetric equilibrium with manufacturing

that is concentrated in either region (n =1 or n =1) and a symmetric equilibrium

where both regions have an equal share of manufacturing (n =n= 1/2) .

The spatial pattern of manufacturing has clear implications for biodiversity
conservation and for the SLOSS debate. If manufacturing is concentrated in one region,
then the other region functions as a single large reserve site for biodiversity conservation.
If on the other hand, manufacturing occurs in both regions, then biodiversity is preserved
in several small reserves. In our model, biodiversity itself should be a centripetal force,
since skilled labourers derive utility from species richness. We would expect them to
move from a region with no biodiversity to a region with biodiversity, ceteris paribus.

We numerically analyse the outcome of these effects on patterns of manufacturing
and biodiversity conservation for three levels of transport costs 7 . First, we compare the
results of our model to the results of FKV when increasing only the marginal utility of
biodiversity. In this first step, neither government implements any environmental policy,
so d =d” =0. We also briefly address the consequences of varying the weighting factors
of both types of species in the biodiversity function. Next, we analyse regional
environmental policy by use of land price d and we consider strategic behaviour by the

regional governments. As do FKV, we set 0 =5, ¢£=0.4 and respectively use 7 =2.1,
T=1.7 and T =1.5 for high, intermediate and low transport costs. Keeping with our
discussion of equation (5¢), we set b, =2.5 to ensure that n =1 corresponds to S,, =0
for ease of exposition. Both regions potentially have the same species richness and
species composition with y=y =5 and y = x =4 .DWe set =6 =035, { =" =20

and finally a, =a, =1/2.

*  These parameter values in no way indicate the regional types of habitat and species. It may well be that

one region is a river delta, whereas the other contains mountain ranges. We make no assertion to the
effect of such qualitative aspects of biodiversity.



3.2. Patterns of biodiversity conservation with a positive marginal utility of biodiversity

If transport costs are high, FKV find that the only stable equilibrium is where

manufacturing is symmetrically distributed over both regions (n =n =1/ 2). We expect

that biodiversity would accordingly be preserved in several small reserves of identical
size in both regions. indicates that our model indeed produces this outcome.
Regardless of initial biodiversity levels, the differential in utility of skilled workers drives
the pattern of biodiversity conservation towards several small biodiversity reserves of
identical size. This result is maintained at all positive levels of marginal utility of

biodiversity.

fok ok here sfeskok

For intermediate transport costs, FKV find that both concentration of manufacturing in
either region (n =1 or n =1) and identical regional shares in manufacturing
(n =n =1/2) are stable equilibria. Which situation prevails, depends on the initial

distribution of manufacturing. Biodiversity would be preserved in either a single large or

in sém-ynmﬁ-remws—d'elpending on the initial biodiversity levels. shows how

increasing marginal utility of biodiversity affects this result. If marginal utility of

biodiversity is intermediate (0.0024<¢ <0.003), there are both quantitative and

qualitative changes in the distributions of biodiversity reserve sites. Biodiversity
conservation in several small reserves of identical size remains a stable outcome. Two

additional equilibria occur however, just off the solution of a single large reserve.

Consequently, the new equilibria displace the asymmetric equilibrig as stable solutions.

Although biodiversity is preserved in several small reserves, these are not of equal size.
One region will have a larger share in manufacturing and the other region will have a

higher area allocated to biodiversity conservation.

dkok here sk



For low transport costs, FKV find that complete concentration of manufacturing in either
region (n =lorn = 1) is a stable pattern of production. Biodiversity, therefore, would
be preserved in a single large reserve. In we show how this result changes when

skilled workers derive utility from regional biodiversity. As in the previous instance, our

model returns interesting differences from the FKV results for intermediate values of ¢ .
If 0.006<¢ <0.016, again two additional equilibrium patterns of biodiversity

conservation appear. As in the previous instance, these new solutions are stable and

imply that biodiversity is preserved in several small reserves of different sizes.

dokok here***

shows the bifurcations in stable patterns of biodiversity conservation that arise
from ¢ when transport costs are intermediate. The solid lines indicate stable equilibria.
With increasing marginal utility of biodiversity, stable solutions move away from the
asymmetric equilibrium towards the symmetric pattern of biodiversity conservation. The
new stable equilibria are, however, close to the asymmetric equilibrium and hold only for

a narrow range of values of ¢. These results can be nudged further from the edge

soluLi'mrby—care-ﬂ:rl—t-uthg of ¢, (= and the weighting factors @, and a,.

Particularly the weighting factors yield a pronounced effect, as we show below. At very

vatu ;only the symmetric equilibrium is stable, as was to be expected.
*** [Figure 6]here ***

In we show how altering the weighting factors in the biodiversity function
affects stable spatial patterns of biodiversity conservation. If skilled workers do not care
about specialist species richness, the only stable outcome is biodiversity conservation in
two identically sized reserve sites. If skilled workers care only about specialist species
richness two additional stable patterns of biodiversity conservation emerge that lie just

off the completely asymmetric equilibria. Underlying these results are two influences on

the wtility differential of skilled workers in the two regions.




Suppose that manufacturing is fully concentrated in the domestic region, » =1 and
biodiversity conservation takes place only in the foreign region S, =1. According to our

model, a domestic worker prefers to move to the foreign region with only biodiversity.
He will accept a wage cut, but will nonetheless attain a higher level of utility there
because the foreign region contains many specialist species. When skilled workers attach
much weight to specialist species richness, they require a large number of specialist
species to offset the wage cut. Hence, workers want a large habitat reserve site and thus
the size of the manufacturing sector in the foreign region is limited. As the utility derived
from specialist species decreases, this limiting effect of the divergent extinction risk of
specialist species on the manufacturing sector is reduced. Skilled workers are satisfied
with a smaller biodiversity reserve site that contains less specialist species. Hence, more
workers move to the foreign region, the wage rate differential decreases and offsets

further biodiversity loss.

**%* Figure 7|here ***

From the results presented in this section, one feature of this model stands out: compared
to the FKV model, our model exhibits a definite tendency towards the symmetric
equilibrium. The completely asymmetric equilibria are not stable in our model. Instead,
two new stable equilibria emerge that lie towards the symmetric equilibrium. These
equilibrium patterns of biodiversity conservation are located further from a single large

reserve with increasing spatial concentration of specialist species and increasing weight

attacHed to specialist species humbers. Finally, regardless of the level of transport costs,

the symmetric equilibrium is always a stable outcome of our model.

3.3. Policy analysis

Governments may implement a biodiversity conservation policy by increasing the rent
they charge firms for the use of land. This action makes a region less attractive to firms,
whereas the effect on migration decision by skilled workers is ambiguous. In this section,

we consider the welfare effects of environmental policy for the case of intermediate



transport costs, 7' =1.7 .> We first compare a situation with no policy to a socially optimal
situation where both governments cooperate on maximising overall welfare. Next, we

consider the effects of strategic behaviour by either government.

No environmental policy

When governments do no implement environmental policy, the pattern of biodiversity

conservation is dependent on initial conditions (recall [Figure 4. Utility differential as a

ffunction of habitat area, T =1.7, ¢ = 0.0029 (grey line shows ¢ = 0)). Overall welfare,

including agricultural vg)rkers’ welfare, is maximal when biodiversity is conserved in
several identically sized reserve sites, i.e., n=n" =S, =S}, =0.5. For this distribution of
manufacturing and biodiversity conservation, welfare attains a value of 0.48416.
Interestingly, in both stable asymmetric equilibria n =S, =0.95 and n=S, =0.05,

welfare is only slightly lower at 0.48415.

Optimal environmental policy

Here, we consider the case where governments cooperate on environmental policy to
attain the highest possible level of overall welfare, defined as the sum of individual
regional welfare. We assume that governments do not want to subsidise biodiversity loss

and therefore exclude the possibility of negative rent on land use by firms. There is a

level of d and d * that leads to negative nominal wages in that region. This level sets the
upper bound on the permissible rent that governments can charge firms for the use of
land.

For our parameter set we find that it is socially optimal to conserve biodiversity in
several small reserve sites of different sizes rather than in identically sized reserves.
Hence, from an optimal situation when there is no environmental policy, shifting the
pattern of biodiversity conservation and manufacturing to the asymmetric equilibria

increases total welfare. The maximal level of welfare 0.48547 is achieved at the

As we have indicated in the previous section, this case is sensitive to biodiversity parameters. To have

more leeway in the stable equilibria just off complete asymmetry, we alter the values of a few

*
biodiversity settings. In the following, we use o g =08,¢={ =17 and ¢=0.0035.



distributions of biodiversity conservation n =S}, =0.998 and conversely n =S}, =0.002.

Interestingly, this is also the level at which the sum of the regional levels of biodiversity

is highest.

There are multiple permissible combinations of d and d° that can achieve this
equilibrium pattern of biodiversity conservation. Some of these equilibrium combinations
of environmental policy are counterintuitive, in that the region with the highest share in
manufacturing also charges the highest rent for land. Finally, there are large differences
in per capita utility between both regions. The region with the larger biodiversity reserve

has the lower level of per capita utility.

Strategic behaviour in environmental policy

In the trade literature, it is customary to consider a game of competition in environmental
policy played by the governments of the two regions and to compare the Nash
equilibrium to the socially optimal equilibrium. In such a game, each government wants
to maximise per capita utility of unskilled and skilled workers present in its borders. It
takes account of the welfare effects that occur when foreign skilled workers migrate to
the domestic region and in effect become domestic skilled workers. Tax rates are
determined at the outset of the game with full commitment. Finally, governments care
only about the steady state equilibrium and do not consider transition costs.

We, however, have so far been unsuccessful in calculating a full Nash equilibrium.
The existence of multiple equilibria poses serious numerical difficulties. It seems,
moreover, that regional per capita welfare is more responsive to changes in land
allocation than to differences in the land rent. We can, however, derive interesting policy
effects by considering a situation of a stable equilibrium in which the domestic
government has the larger share in manufacturing. Clearly, the foreign government would
like to move to a more equitable distribution of manufacturing and biodiversity
conservation. Since both regions are in a stable equilibrium, this may prove difficult. It is

not impossible, however, as we show below.

k% here***



m illustrates. The grey line indicates the situation where d =d"~ =0.005 and the

dark line shows what happens when the foreign government undercuts the domestic rate

of land rent d” =0.0025. Suppose we are in the left hand stable equilibrium when both
governments charge firms an identical amount of rent for the use of land. By undercutting
the domestic government in land rent, the foreign government tilts the curve that depicts
the utility differential of skilled workers. If this tilt is large enough, new basins of
attraction emerge that push the model towards a new stable equilibrium with a much
larger manufacturing sector located in the foreign region. This change implies a large
decrease in per capita utility in the domestic region.

I—O-f—eeu-pse,—i-ijolicy commitment were not full the domestic government would

respond to this move by lowering its own land rent. But supposing that it chooses to

match the foreign land rent, then the foreign government is still much better off, as both
regions would end up in the symmetric equilibrium. From the symmetric situation,
however, both governments would still have an incentive to achieve that particular
asymmetric equilibrium that is best for them. If environmental policy already is lax,
however, it becomes increasingly difficult to change the basins of attraction. Thus, once
governments find themselves charging low land rent in the symmetric equilibrium,

further environmental competition seems futile.

4. Conclusion and discussion
We wanted to contribute to the Singe-Large-or-Several-Small debate in biodiversity
conservation from an economic perspective. We have adapted the spatial Dixit-Stiglitz
model with two regions, in either of which labour may choose to settle, for biodiversity.
Biodiversity has been included by giving both regions biodiversity endowments and by
linking habitat availability to the location choice of labour. Moreover, we modelled two
types of species, generalists and specialists. These types of species react differently to
habitat loss. Workers value both total species richness and specialist species richness.
Simulations gave stable patterns of firm and labour location and habitat conservation in
poth regions.

The results suggest that a positive marginal utility of biodiversity has two interesting

results. First, contrary to the FKV result, the symmetric equilibrium is stable for all levels



of transport costs and all levels of marginal utility of biodiversity above a minimum level.
Second, compared to the FKV results for intermediate and low transport costs, four
additional equilibria may emerge. The new stable equilibria imply that biodiversity is
conserved in several small biodiversity reserves of which one is the larger. This pattern of
biodiversity conservation best corresponds to the distribution of biodiversity reserve sites
that maximises the sum of both regional levels of biodiversity. Third, if the marginal
utility of biodiversity is large enough, then the symmetric equilibrium is the only stable
pattern of manufacturing. Hence, our extension of the FKV model generates a tendency
towards biodiversity conservation in several small reserve sites.

We have also considered the welfare effects of environmental policy and looked at
strategic behaviour of the regional governments. If there is no environmental policy, the
socially optimal distribution of biodiversity reserve sites is the symmetric one. When
governments charge firms for the use of land, however, an asymmetric distribution of
reserve sites is optimal. We found that multiple combinations of regional land rent can be
found that achieve this distribution. This distribution, moreover, corresponds to the
pattern of biodiversity conservation that maximises the sum of biodiversity levels in both
regions. Until now we have been unable to locate a global Nash equilibrium, although we
did find that strategic behaviour in environmental policy is possible, up to a point.
Environmental competition, if played aggressively enough, may move the steady state
away from an asymmetric equilibrium to an equilibrium that is more equitable. If
multiple steps are allowed in this competition, then the symmetric equilibrium and a low
standard of environmental policy seems the likely outcome.

Our extension has most effect towards the edges of the model. The inclusion of
divergent extinction risks contributes to this result. The biodiversity function is logistic
rather than convex. Hence, major changes in the level of biodiversity occur only at the
edges of the model. Our results therefore depend on this particular shape of a biodiversity
valuation function that we posited. It is very plausible that future research into
biodiversity valuation functions will show that the public also values other aspects of
biodiversity. Increased realism of the biodiversity valuation function affects the
complexity of model results as we clearly show in this paper. Such research will be vital

to economic models of biodiversity.



A macroeconomic model such as the one presented in this paper is well suited to
consider changes in biodiversity composition on the scale of landscapes or ecosystems.
We have done so by exploring species numbers for species sets with divergent extinction
risks. Of course, many alternative factors that determine biodiversity composition are
also affected by labour migration and land use patterns. Commonly studied issues are
introduction of exotic species, fragmentation and degeneration of habitat quality.
Including such issues in large-scale models, however, is quite a difficult task. As
understanding of biodiversity dynamics grows, economists need to develop new
perspectives on integrating biodiversity in macroeconomic models. For now, it is safe to
conclude that economics has only begun to get to grips with biodiversity and its

conservation.
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Figure 1. Total species richness and habitat availability
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Figure 2. Specialist species and habitat availability
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Figure 3. Utility differential as a function of habitat area, 7= 2.1, ¢ = 10 (grey line shows ¢ = 0)
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Figure 4. Utility differential as a function of habitat area, 7=1.7, ¢ = 0.0029 (grey line shows ¢ = 0)
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Figure 5. Utility differential as a function of habitat area, 7=1.5, ¢ = 0.011 (grey line shows ¢ = 0)
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Figure 6. Bifurcation, T =1.7; solid (dotted) lines are (un) stable equilibria
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Figure 7. Utility differential for various a,; T =1.7 and ¢ = 0.0029
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Figure 8. Alternating basins of attraction (grey line indicates d = d", dark line indicates d > d")




