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Abstr act 

In our model, Northern governments have an incentive to set weak environmental regulations 
in order to increase domestic productivity and, thereafter, to increase the price of their cap

ital exports. We invest igate the effect of this distortion on the incentives for environmental 
protection in the South. Under reasonable assumptions, the South responds by lowering envi

ronmental protection. Thus, strategic price distortions lead to a globally dirtier environment. 

R esumen 

En nuestro modelo, los gobiernos del norte tienen un incentivo para establecer regulaciones 

ambientales débiles, con el fin de aumentar su productividad y el precio de sus capitales de 
exportación. Nosotros investigamos el efecto de esta distorsión sobre los incentivos para la 

protección del medio ambiente en el Sur. Bajo ciertas condiciones, el Sur responde con una 

disminución en la protección del medio ambiente. Por lo tanto, las distorsiones estratégicas 
de precios conducen a un ambiente globalmente más sucio. 
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l. Introducción 

In economics, as in other areas of public debate, we have witnessed a rising in
terest on the effects of human activities on the environment. One of the issues 
under scrutiny is the incentive of governments to set the correct policies for 
environmental protection. Concern with the effects of international trade on 
these incentives, in particular, has been the origin of a large literature in eco
nomics. Thus, and led by practica! concern in the wake of regional integration, 
we now understand not only the need for coordination between environmental 
policies when pollution is transboundary (see Markusen, 1975, and Hoel, 1997), 
but also the way trade incentives affect the strategic setting of environmental 
policies when governments try to win a competitive edge for their firms (see, 
for instance, Kennedy, 1994; Barrett, 1994; Burgvet and Sempere, 1998; and, 
for an excellent survey, see especially Ulph, 1996), and the consequences of 
using environmental policies to infl.uence the relative prices of mobile factors 
(Rauscher, 1997). 

The present paper is a contribution to the discussion of the latter issue. In 
general, previous contributions assume sorne kind of market power by govern
ments and/or firms. Then, large countries, whose environmental policies have 
an impact on international factor prices, tend to lower their leve! of environ
mental protection in order to increase the marginal productivity (and therefore 
the prices) of their abundant factors (see Rauscher, 1997). The main goal of 
this paper is to analyze the response of small countries to the incentives created 
by large countries. 1 

Thus, we present a model of perfect competition with two countries and 
environmental damage associated to production. In each country, firms make 
their investment and- output plans taking (capital) prices and environmental 
regulations as given. Also, consumers make their savings and consumption plans 
taking the interest rateas given. The North is capital abundant in comparison 
with the South, and large in the international capital market. 

As we mentioned above, the North has incentives to distort the interna
tional interest rate by allowing higher emission levels . A higher interest rate for 
the South implies higher costs, and also higher domestic savings. We are able to 
show that under very general, and plausible conditions the Southern goverment 
responds by setting weaker environmental protection. The most important of 

1 Rauscher (1997) analyzes the effects of increasing emissions by a capital exporter country 
on pollution levels of a capital importer. He is interested on the equilibrium effect on pollution 

due to equilibrium changes in production, and consumption. However, y¡e are interested in 
the strategic effect on environmental policies of the capital importer country. Our work is 

related to other papers which focus on international environmental competition. Ludema, 
and Wooton (1994) have also considered how environmental policies can be an instrument 

in altering relative prices, this time in traded goods. Markusen, Morey, and Olewiler (1995) 
study the competition between countries in attracting firms to their respective territories. 
One could think of their model as one of competition in quantities (employment, output), 
whereas our model focuses on the distortion of prices associated with market power in terms 

of national factors. Beladi, Chao, and Frasca (1999) analyze pollution t axes , and foreign 

investment quotas for a small developing country. 
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these conditions is that Southern countries are "small" in the international 
factor markets. The other conditions are: 

i) Domestic savings are not extremely sensitive to higher interest rates in the 
South. 

ii) The productivity of capital in the South is not extremely sensitive to en
vironmental regulation. 

iii) The productivity of capital in the South is sensitive to the stock of capital 
itself. 

The results outlined above _are important for the North-South environmen
tal debate. The North is seen as_the big polluter. The South has been arguing 
that the North should cut its emissions before the South itself undertakes this 
task. What the present paper suggests is that there may be good reasons for 
this insistence, a'.nd also for the reluctance of the North to yield . 

The rest of the paper is structured as follows. The next section presents 
the model. Section 3 then establishes the well krrown incentives of the North to 
manipulate factor prices. Section 4 analyzes our main concern: how Southern 
countries react to this manipulation with regard to their environmental policies. 
Sorne concluding remarks close the paper. 

2. The Model 

Considera world of two countries, North and South, respectively, n and s .2 In 
each of these countries there is a representative consumer. Time is divided in 
two periods: present (period 1) and future (peric¡d 2). There is only one good, 
which can be consumed or used as input (capi~aD in future production. 

2.1 Consumer 

Consumer i, where i = n, s, cares about consumption in both period 1, el, 
and period 2, C~. Each consumer has initial resources Wi that he/she can 
consume in the first period or save. The return on these savings adds to sec
ond period consumption. We will assume that the North is richer than the 
South in terms of the initial resources so wn > W 8

• Let Si denote savings by 
consumer i . Consumers also (inelastically) provide labor in the second period. 
The wage revenue also adds to second period consumption. We will assume 
that consumers are price takers, so that they take both wages and interest rate 
as given. In particular, when deciding how much to save, they do not take into 
account how these savings may affect their wages in period 2. 

Thus, we !et the consumers' preferences be represented by the utility func
tion ui(Ci, C~, Ei), where Ei is an index of environmental quality, which con
sumers take as given. We assume: 

(A.l) ui(Ci, C~, Ei) is twice differentiable, strictly quasiconcave, increas
ing in present, future consumption, and in Ei. Moreover, ui is separable in 

2 Notice that_we model the South as a single country. However our interpretation of the 
South is that it consists of a large number of countries that are small in the international 
markets, so that their governments do not have the power to cha~ge internátio~al prices 

through their policies. . Modeling the South as a set of small countries would c0 mplicate 
unnecessarily the notation without changing the nature of our results. 
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consumption, and environmental quality. Finally, u i is linear in Ei. Then, !et 

This last simplifying assumption means, in particular, that savings are inde
pendent of the environmental quality, for a fixed interest rate. Obviously, 
this assumption will make income effects disappear, such as those discussed 
in Copeland and Taylor (1997). This will allow us to concentrate on the effects 
of capital market distortions . The consumers' budget constraints when making 
their consumption, and savings plans are 

ci +si< wi 
1 - ' 

C~ :s; Si(l + r) + wizi + 7ri, 

where, 7ri represents the profits of firm i, which we assume is owned by local 
consumers. Utility maximization under these constraints, and price taking be
havior results, as usual, in the equality of the intertemporal rate of substitution, 
and the gross return of savings, 

ui 
_.!. = 1 + r. 
u2 

(1) 

As usual, substitution of this expression in the budget constraint defines each 
country's savings function Si(r). 3 We also define sT(r) = sn(r)+ S 8 (r) as the 
total savings function. 

2.2 Production 
There is a single firm in each country that produces the consumption good for 
the second period using capital and labor. Firms borrow their capital from 
consumers' savings. We assume that capital is perfectly mobile across borders, 
and also that firms are price takers in the capital market. Denote by k{ the 
amount lent by consumer i to the firm in the country j, for i, j = n, s. Then 
si = k{+ kf. 

Let ¡i represent the technology available to firm i. Then, output from 
firm i is given by fi(zi, ki, Ei), where zi and ki = kf + k} are, respectively, the 
labor and capital used in production by firm (country) i. Production generates 
local pollution as a by- product. Thus, the higher the environmental quality, as 
measured by our quality index Ei, the lower the output that can be obtained 
by using the productive inputs, capital and labor. 4 

3 Notice that r is the only argument of Si (r), whereas usually we would need to make 
this function to depend also on w . We can make this simplification because we ha ve a 

representative consumer in each country who is also the owner of the firm in the corresponding 

country. Then, a change in the wage rate, that produces a change in consumer 's wage revenue, 
is exactly balanced by the change in firm's profit, where labor appears as acost 

4 Notice that we model pollution (or its complement environmental quality) asan argu
ment of the production function as in Copeland and Taylor (1994, 1995, 1997) or Hoel (1997) . 

However in these models, pollution is a variable which is freely chosen by the firms. In this 

model, instead, it will be set by the governments and regarded as a parameter by the firms . 
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We make the following functional assumptions: 

(A.2) The production function is twice differentiable, concave, and also 
satisfies that .f~ < O, and .fj3 :S O. 5 

Here .fJ denotes the derivative of the production function with respect to 

the jth argument, and .f }k is the cross derivative of .f i with respect to the kth, 
and jth arguments. Apart from the traditional diminishing marginal products, 
the idea behind the sign of the derivatives in (A.2) is that for each additional 
unit of labor and/or capital that is used in production, a part of it must be used 
to kcep the environmental quality constant, and the better this environmental 
quality, the larger this part is. 

Assumption (A.2) agrees with existing empirical evidence about the im
pact of environmental regulation on factor productivity. These studies show 
that plants with stricter regulations tend to have lower productivity levels , and 
slower productivity growth. 6 

Given price taking behavior by all agents, and free mobility of capital 
across borders; there will be a single interest rate, r, in the internationa l cap
ital market, which, when measured in terms of the consumption good, will 
be determined by equal productivity of capital. That is , equilibrium capital 
demand for each firm, ki(r, Ei), is determined by 

(2) 

Labor , on the other hand, cannot be traded internationally and is supplied 
inelastically. Thus, any change in labor demand in each country will only result 
in changes in the domestic wage rate. 

2.3 Equilibrium 

Equations (1), and (2) plus the capital market equilibrium equation 

(3) 

define savings and capital as functions of the interest rate, for given levels of 
environmental quality. Consumers of both countries will determine the total 
amount of savings sn, and S 8

• Equilibrium conditions in capital markets will 
determine the allocation of these savings across countries (k5, and kn) , as a 
function of En and E 8

, given zn and zs. 

3. Environmental Policies 

The last type of agent that we consider is the government. We assume that 
governments set their domestic environmental index Ei . This is the only policy 

5 These assumptions are as in Rauscher (1997). 
6 See Gollop, and Roberts (1983); Gray (1987); Barbera, and McConnell (1986); and 

Gray, and Shadbegian (1995) among others. For instance, Gray and Shadbegian's (1995) 
calculations using plant-level productivity data for three industries show that a plant with one 

dallar higher abatement costs tends to have the equivalent of 1.74 dollars lower productivity 
in paper, 1.35 lower in oíl, and 3.28 lower in steel. 
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instrument for the governments. This will be equivalent to having governments 
set environmental instruments (for instance, environmental taxes, emissions 
standards, etcetera), so that the desired level of environmental quality is at
t.ained. Also, we assume that the South is small in the international capital 
market, so that the Southern government takes the interest rate, r, as given. 

3.1 N on-Strategic Policies 
Let us first analyze what the savings, consumption, and environmental decisions 
would be in the absence of strategic country interaction. For that, we consider 
the "autarky" case, that is, the case in which each country is isolated from the 
other (no capital flows). In that case, the government would choose the level E 
so as to maximize u, taking the decisions implied by equation (1) as given (for 
simplicity, in this subsection, we do not use the superindices corresponding to 
the countries) . From the government point of view, C 1 = W - S(r), and C2 = 
.f (l, S (r), E). Then, the first order condition that defines optimal environmental 
quality E is: 

1 dr [ / dr ] - U1S dE + U2 hS dE +.fa + 1 = O, 

By substituting this result in equation (1), and considering that under equilib
rium conditions h = (1 + r), we may say that: 

U2.fa + 1 = O. (4) 

This equation, together with equation (1), would then define the savings level, 
S, and environmental quality, E, ( and therefore consumption too) under au
tarky. In particular, the level of E would more than compensate for the positive 
effect that a less stringent environmental policy would have on the second period 
consumption through increased output (U2.fa) with the direct utility impact of 
a worse environment. The savings level S would simply equate the marginal 
rate of substitution between consumption today and consumption tomorrow 
with the relative cost, that is, the productivity of capital. This "autarky so
lution" coincides with the one that would prevail under price (interest rate) 
taking behavior by the governments, except that the interest rate would then 
be common to both countries. The goal of the next subsection is to analyze the 
incentives introduced by the fact that the Northern government can affect the 
international interest rate by using its environmental policies. 

3.2 Strategic Behavior of the N orth 
Notice that the consumption by each consumer in the second period is now 
equal to the level of output in their country net of interest payments across 
borders. Thus, 

C~ = .fi(zi, ki, Ei) + (1 + r)(k} - k{). 
1 

In equilibrium, only one country will be exporting capital. In general, the North 
will be a net exporter, with k~ = sn - kn, and k~ = 0. 7 Then, the objective 
function of government s is 

uª(Cf, C~, Eª) = Uª [Wª - Sª, .f8(l8, k8, Eª) - (1 + r)(Sn - kn)] + Eª, (5) 

7 This requires "relative" capital abundance. For instance, and for similar technologies, 
larger per capita savings in the North. 
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where, we are taking into account the interest payments for the import of capital 
(sn - kn) from n. Likewise, the objective function of n's government is 

Also, the South takes r as given, whereas the North considers the effect of En 
on r. Note that increases in the environmental quality in the North will have a 
negative effect on the interest rate. Indeed, differentiating equation (3) we have 

dr {)kn /{)En 

dEn ST1 
- a(k 8 + kn)/ar' 

where, we omit arguments of the functions for simplicity, and sT' is the deriva
tive of the total savings with respect to r according to equation (1). Now, if we 
substitute for akn/aEn, and a(k 8 + kn)/ar (from equation (2)), we obtain 

where 

The sign comes from the fact that G > O, sT' > O, and .f~2 , .f2'3 < O. The effect 
of E 8 on r would have a similar expression, substituting the superscript n for 
s, and vice versa. However, the South is a price taker, which means that the 
denominator is very large. This is the case if sT' is very large with respect to 
.f2'3 . That is, if the South is indeed small in the international capital market. To 
summarize the above discussion, we have that: if a country (the North) is large 
in the capital market, an improvement in its environmental quality will lead to 
a fall in the interest rate (as Rauscher (1997) obtains for a different version of 
this model.) 

The interpretation of this effect is sim,ple. As country i increases its envi
ronmental quality, the productivity of capital at home decreases by f~3 . How
ever, this creates an imbalance in the productivity of capital in both countries 
which will generate a flow of capital to the other country until the marginal 
productivities are equalized again, which in turn reduces the original impact. 
The measure of this capital flow has a direct component: recovering the bal
ance would take a flow which is proportional to the relative resporµ;iveness of 
the marginal productivity of capital in the foreign country to changes in capi
tal which is measured by G. It also has an indirect component related to the 
response of savings (total capital supply) to the change in productivity condi
tions; a flow away from the country would increase the productivity of capital, 
thus increasing the total capital supply sT. Then, the total capital flow away 
from the country (measured in terms of capital units) that would restore the 
balance in productivity is just G / (1 - sT' U2G). This tends to reduce the orig
inal impact of E on the productivity of capital (indeed for a small country the 
original impact is completely eliminated). 
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This effect is the origin of the strategic behavior of the Northern govern
ment when setting its environmental policies. 8 Indeed, if we take into account 
interest payments, as well as equations (1), and (2), the first order conditions 
for optima! environmental indices, that is, for maximization of (5) and (6), the 
latter for exogenous r, are respectively, 

U2.ft + 1 = O, (7) 

and 

(8) 

Compare these equations with equation ( 4) above. The difference in (8) is 
the second term in the parenthesis, this term gives rise to the incentives of 
the government to manipulate the interest rate so as to influence the revenues 
associated with capital exports. At least if the governments' objective functions 
are concave in the corresponding instruments, Ei, this implies that the Northern 
country has incentives to set lower environment standards ( quality) so as to 
improve the returns on its capital exports . 

The first order conditions above have an intuitive interpretation. When 
increasing the leve! of environmental quality in its country, government i con
siders the positive, direct impact on utility, as measured by u~ = 1, and the 
decrease in local output that the higher leve! of environmental quality produces, 
as measured by U~f~. These are the non-strategic incentives. However, on top 
of this, the Northern government has an incentive to manipulate the marginal 
productivity of capital, that is, the interest rate. Indeed, the government of 
country n, which is a net exporter of capital, will have an addit ional incen
tive to lower environmental quality, which improves the global productivity 
of capital,(d r)/(d En) < O, and therefore the price foreign borrowers pay for 
Northern capital. These strategic incentives are represented by the second term 
on the left hand side of (8). 

4. Does The South Become Dirtier? 

The question now is how this strategic distortion in the Northern environ
mental quality influences the Southern leve! Es. Indeed, even if the Southern 
government cannot inftuence the interest rate in the international market, it 
can certainly influence the inflow of capital from abroad by manipulating the 
domestic productivity conditions with the environmental variable. To answer 
this question, we totally differentiate the first order condition for optima! Es, 
with respect to both r, and E 8 to obtain 

dE 8 

dr 

f s [- us ss' + us ( d(I+r)S' _e)] + usAf.á. 
3 21 22 dr 2 dr 

us (fs)2 + us~ 
22 · 3 2 dE• 

(9) 

8 The strategic behavior of large capital exporting countries is well characterized in 

Rauscher (1997) . However as we want to analyze the corresponding response of the South, we 
need to include the discussion here in the framework of our model for the sake of completeness. 
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Equation (9) describes the effect induced on Es by a change in r. This effect 
can be seen as the change that would balance the leve! of U!Jf3 back to its leve! 
of - l. Alternatively, it could be seen as how changes in the interest rate change 
the balance between value of the environment, and of period two consumption. 
If the terms meaning greater value of period two consumption dominate, then 
lower leve! of the environmental index will result. 

The original change in r implies an increase in savings by the consumer in 
the South. It reduces consumption in the first period, and this can increase or 
decrease the marginal utility of consumption in the second period. This is the 
first term in brackets in (9). If it reduces marginal utility of consumption in the 
second period (U/]1 negative) then it would clearly favour lower environmental 
quality (given that f3U!J1 ss' would be positive). If instead U/]1 is positive 
then this term would favour an increase in environmental quality. On the 
other hand, these higher savings and interest rate imply higher revenue in the 
second period, and also lower value of second period consumption (measured 
by - f3U!J2(d(l + r)S s)/(dr)). These terms related to the increase in savings 
are the ones that could imply an increase in environmental quality. 

However, the increase in the interest rate also lowers profits for the firm, 
which means lower revenue. This implies lower consumption in the second pe
riod, andan increase in the value of this consumption (this effect is represented 
by the term f3U!J2k8). 

If the country is small in initial resources (high capital imports), we expect 
this last effect to be largcr that the ones associated to the increase in savings 
unless the responsiveness of savings to intercst rates is extremely high. 9 Thcn, 
the increase in the interest rate would reduce sccond period consumption , and 
this would increase the marginal utility of this consumption. 

Finally, as the intercst ratc rises, and capital in the South decreases, the 
(negative) effect of the environmental index is reduced. That is, .f3 becomes 
larger 

d.f3 .f32 
dr .f 22 

Thesc effects are the ones that appear in the numerator of equation (9). Except 
for this latter onc, we expect these effects to be negative (since .f3 is negative). 
Thus, unlcss the productivity of capital is very responsive to the environmental 
variable, and very unresponsive to the leve! of capital itself, the effect of r on 
U!Jf3 should be ncgative. How should Es change in order to compensate for 
this?. First, a change in Eª reduces output in the second period, and then 
increases thc marginal productivity of consumption in that period. However, 
the effect of Eª on f3 is less clear. The direct effect of Es, f33 , could be (at least 
partially) compensated for by the reduction in capital that lower productivity 
induces, 

df3 = f s _ U32)
2 

dEª . 33 .f ª . 22 

9 If we analyze discrete changes in the interest rate , as would actually follow from strategic 

incentives by the North, this responsiveness is bounded by initial resources, and can then never 
be too high. 
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These effects are the ones that appear in the denominator. Again, unless the 
productivity of capital is very responsive to the environmental variable in the 
South, and not very responsive to changes in the level of this capital, the de
nominator is negative. So, the environmental index has to be reduced in order 
to compensate for the higher interest rate, i.e., d Eª/d(l+r) <O. That is, the 
South will also reduce the environmental standards as a response to the lower 
standards set by the North. That is, their policies are strategic complements. 
The total effect is a global decrease in environmental quality, as the following 
proposition states. 

PROPOSITION: For moderate values of 8ª
1

, J22 , and J23 , the strategic aistor
tion that capital exports causes in the Northern environmental policies makes 
both the North and the South dirtier. 

The South responds to the lower environmental quality in the North by 
also decreasing environmental quality so as to compensate for the capital fiight 
from the South. We should consider it unlikely that a higher interest rate should 
induce a very high increase in savings in the South, so high as to increase the 
consumption in the second period in this capital importing country. Then, the 
only possible exceptions to the Proposition would require high responsiveness 
of the productivity of capital to the environmental variable and/or low respon
siveness to the level of capital so that one of the following two cases, but not 
the other, would occur: 

1) The increase in interest rate causes a steep decline in the level of capital in 
the South (1/ J22), which reduces the negative effect of the environmental 
quality on output drastically (!23 ). 

2) Tougher environmental regulations reduce the level of domestic capital 
drastically -(f 23 / f22), so the marginal effect of these regulations on output 
(f 3) is lower for tougher regulations. 

In these cases, environmental policies could be strategic substitutes, and then 
the South would set more stringent regulations on the environment as a response 
to the lenient policies of the North. However, in general we expect the policies 
to be strategic c'omplements, and the South to respond with dirtier policies too. 

5. Conclusions 

We have presented a very stylized model of perfect competition with two regions, 
a North that is capital abundant, and a South that is not. The North has 
incentives to decrease the environmental quality below the autarky level in 
order to distort the price of capital exports. This is done through inducing 
scarcity of this capital via softer enviroi:imental conditions at home. 

If the South consists of small countries with respect to the effect of their 
policies on international interest rate, their environmental decisions would be 
those corresponding to a non-strategic situation given the decisions of the North. 
However, under quite plausible conditions, they would respond to the lower 
environmental quality levels in thf) North, and the subsequent interest rate, by 
decreasing environmental quality. 
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We have carried out the analysis under the assumption of no unemploy
ment. Unemployment in the South would imply yet an additional incentive for 
Southern countries to relax their environmental regulations. The effect of the 
price distortion induced by Northern policies (more expensive capital) would 
only enforce this new incentive. 

We have also assumed that pollution is local, rather than transbound
ary. Transboundary pollution could be trivially accomoda.ted in our damage 
function. The North would see its incentives for lenient regulations tempered. 
Indeed, a more expensive capital now induces the South to pollute more, thus 
negatively affecting the Northern welfare. However, our main insight would 
carry over to this case: as far as the North indeed distorts the interest rate 
upwards the response we expect from the South is to lower environmental pro
tection. 

Finally, we have assumed away any income effects, such as those discussed 
in Copeland and Taylor (1997). Again, as long as environmental quality is 
a normal good, income effects would work in the direction of reducing the 
incentives for the North to lower the environmental protection. But, once again, 
this <loes not change the direction of the response of the South to more expensive 
capital. 
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