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1. Introduction

Environmental reforms which in a closed economy would benefit the environment and
increase welfare, may have the opposite effect in the presence of international trade. These
unintended consequences are likely where the reforming country begins with a higher level of
environmental protection. Even if the reforming country benefitsin the short run, both it and
other countries may be harmed in the long run. These possibilities are related to, but distinct
from, environmentalists’ usual trade-related concern: International trade makes domestic
environmental reform more difficult and expensive because it allows countries with lower
environmental standards to attract polluting industries. Since reforming countries are reluctant to
lose the jobs and profits associated with these industries, international trade supposedly makes
them less willing to protect the domestic environment. Our point, however, is not that
international trade makes it more expensive and politically difficult to implement environmental
reform, but that reform might be counterproductive in an open economy.

This possibility isaspecia case of the theory of the second best. Suppose, for example,
that in each of two countries there exists an environmental distortion, which isthe only market
imperfection. Under autarky, areform which reduces the (sole) domestic distortion improves a
country’ swelfare. With trade, there are two relevant distortions. The theory of the second best
alerts usto the possibility that reform in one country, i.e., the reduction of its distortion, does not
necessarily increase welfare in either country.

Inter-industry trade occurs because of differences between countries, such as differences
in technology, factor endowments, or tastes. A number of recent papers, including Chichilnisky

(1993, 1994), Copeland and Taylor (1994, 1995), Brander and Taylor (1996) and Karp, Sacheti
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and Zhao (KSZ;1997), emphasize that differences in environmental regimes also provide an
impetus for trade. When environmental reform occursin the country which initially has a
smaller environmental distortion, the difference between the countries increases. To the extent
that trade is driven by this difference, trade is also likely to increase, and the welfare effects of
reform are ambiguous.

Viewed in thislight, the observation that domestic environmental reform might be
counterproductive is quite obvious. Although not surprising to trade theorists, the observation is
important for policy discussions, and appears to have been largely ignored. These discussions
have concentrated on the possibility that trade encourages countries to lower (or fail to tighten)
environmental regulations, in order to obtain competitive advantage in certain industries.*
Whatever the merits of this particular anti-free-trade argument, it isunlikely to ater the
movement toward trade liberalization. The focus should therefore shift to the appropriate design
of environmental policy in an open economy.?

An important issue in designing such a policy concerns cross-country harmonization of
policies. In atwo-country model, reform in the country which initially has the larger
environmental distortion narrows the cross-country difference in distortions, and therefore

represents a"harmonization” of policies. Reform in the country with the smaller distortion, on

A growing empirical literature examines the effect of “pollution havens' on the location of
production and on trade. Muthukumaraand Wheeler (1997) find that changes in environmental
regulation have short run effects on the location of dirty industries.

2 A number of papers have studied environmental reform in open economies. Markusen (1975) and
Krutilla (1991) analyze the terms of trade effects of environmental policiesin a static setting. Copeland
(1991) studies a small country model with several instruments. Markusen et al (1993) analyze the effect
of policy on plant location under imperfect competition. Ulph (1994) surveys recent work in the field.
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the other hand, is a movement away from harmonization of policies. Economists and
environmentalists have disagreed on the merits of harmonizatior®.

Environmentalists think that competitive pressures, which are heightened by trade
liberalization, create a danger of a "race to the bottom" in environmental standards. They
conclude that harmonization of policiesisimportant to prevent thisrace. However, if their
concern iswith falling standards, then the remedy is to install mechanisms to maintain or
Improve environmental protection everywhere. It is misleading to speak of harmonization when
environmentalists would be happy if standards were tightened everywhere, even if this meant
that cross-country differences increased (i.e., that standards became "less harmonious’).

Economists tend to oppose pressures for harmonization, arguing that differencesin
standards may reflect differences in income, tastes, capital stocks, resource endowments, or a
variety of other factors that contribute to inter-industry trade. In this case, harmonization is an
attempt to thwart the efficient workings of the market. We agree that these considerations are
important, but believe that in many cases differences in standards simply reflect different degrees
of market failure. Property rights may be weaker in some countries, and some countries may
have been more successful in dealing with externalities. If thisis the correct explanation for
different standards, harmonization may increase welfare.

Our model supports harmonization, but does so in arather heretical manner.

"Harmonization upward" benefits the environment and improves global welfare, even if thereis

% The arguments for and against harmonization are presented in many articles, including: Agraset a
(1994); Bhagwati (1996); Bhagwati and Srinivasan (1996); Charnovitz (1993); Hoel (1993); Levinson
(1996); Klevorick (1996); Marchant and Ballenger (1994); Nordhaus (1994); Rauscher (1994);
Robertson (1992); Ulph (194); Wilson (1996). Krugman (1997) summarizes many of these arguments.
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no danger of arace to the bottom. In the short run, "harmonization downward" also increases
aggregate welfare. However, the two types of harmonization have different distributional effects.
Our model emphasizes the importance of relative (rather than absolute) levels of market failure.
Even here harmonization upward is likely to be better than harmonization downward when we
include dynamic considerations or uncertainty.

Aninternational dimension of environmental policy is usually associated with
transboundary environmental problems. For these problems, there is widespread agreement that
international cooperation isimportant. However, international trade causes "purely local” (in the
physical sense) environmental problemsin one country to affect those in another.* Local
environmental distortions affect world prices. These prices influence producers and consumers
and thus affect environmental problemsin other countries. For transboundary environmental
problems, the international dimension to policy is obvious and exists with or without
international trade. For local environmental problems, trade creates the international policy
dimension. We consider only local environmental problems, since the role for international
environmental policy is probably less obvious, but no lessimportant, for these.

Section 2 describes the autarkic and trade equilibria. This model was sketched by
Chichiliniski (1994) and elaborated by KSZ (1997), who used it to compare welfare under
autarky and trade, taking environmental policy as given. We use the model to show the different

effects of policy reform under autarky and trade. Section 3 compares the static effects of reform

* This observation obviously applies to most "local" issues (e.g. labor standards). The recognition
that trade causes "everything to be connected to everything" makes some economists reluctant to even
consider the international dimension of such problems. They fear opening the floodgates to claims for
trade protection. This response makes the profession irrelevant to many important policy questions.
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in the two regimes, and Section 4 compares the dynamic effects. Section 5 discusses the

generality of our model and summarizes our conclusions.

2. The Autarkic and Trade Equilibria

We describe the model and summarize the characteristics of the autarkic and trade
equilibriawhich are important for our results concerning the effects of reform. Appendix A
contains the algebraic details.

2.1 Description of the Model. Figure 1isaflow chart of the economy, which produces two

goods: the "subsistence good" A, which we choose as the numeraire, and the "composite good"
B, which has price p. The representative consumer attempts to consume A" unitsof A. If her
income, y, islessthan A", she spends everything on good A, receiving utility y (equal to the
consumption of A). If her income exceeds A", she buys A™ units of good A and (y-A")/p units of
B, resulting in utility A” + (y-A")/p. These preferences provide a simple way to describe a
situation where the income elasticity for the subsistence good is very high at low income and is
very low at high income. We assume that the representative consumer’ s income exceeds A.
This assumption, which requires that the environmental stock is sufficiently large, simplifies
calculations but is not essential.

The two factors of production are labor, L, the supply of which is exogenously fixed, and
environmental services, E, the supply of which changes endogenously over time. Competitive
producers combine these factors, using Leontief technology, to produce goods A and B. Good B,
In addition to being consumed, is used in conjunction with the current environmental stock, Z, to

produce environmental services E. The stock of Z isfixed at a point in time; larger stocks
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decrease the costs of producing E. The change in the environmental stock over time depends on

the current environmental stock and the flow of environmental services.

Z
Environmental
Stock

B
Composite
Commodity (Input)

Cobb-Douglas

E
Environmental
Services

Leontieff

A N 5 .
Subsistence g:gggﬁ;
Good (Consumption)

Figure 1. Flow Chart of the Economy

To help fix ideas, we can think of good A asfood, good B as steel, Z as the stock of water
in lakes, and E as the flow of water used in production. Food is a pure consumption good, and its
income elasticity falls asincome increases. Steel can be consumed (in the form of cars) or used
for pipesto transport water from lakes to agricultural and steel production. A low income
economy uses steel only for pipes, but aricher economy also consumes cars. Water in lakesisa

renewable resource, which provides benefits only as a source of afactor of production. (The
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consumer does not fish or swim.) A larger stock of water means that supplies are closer to

production, so less steel is needed to obtain useable water.

Value of Average Product

p
(Price of B)

Value of Marginal Product

B B

Perfect (Static) Zero . B®
Property Rights Property Rights

Figure 2: The Environmental Distortion

We assume that there are decreasing returns to scale in the environmental extraction
sector, and we denote the aggregate amount of B used in that sector as B®. Figure 2 graphs the
value of B’s average and marginal product for a given level of the stock of Z and a given price of
output E. An increase in the environmental distortion increases the gap between the price of the
input B and its value of marginal product in equilibriungatic efficiency (which ignores that
both the future stock of Z and future extraction costs depend on current extraction) requires
setting the value of the marginal product equal to p, usjnmis of the input. This outcome
occurs if there is no static distortion, e.g. if E-producers have psdgctproperty rights. At
the other extreme, if there is free entry into the environmental sector and no property rights, the

sector uses Bunits of the input. In this case, all rent in the environmental sector is dissipated
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and the distortion is maximized. Intermediate levels of the input correspond to distortions of
different magnitudes.

The source of the distortion is unimportant for our results, but it isimportant that the
distortion is greater in one country. At given prices and stock level, the supply of the
environmental factor is greater in the country with the larger distortion. In order to obtain a
specific functional form, we assume that there are a fixed number of E-producers who choose
their input level and receive a share of output proportional to their share of total inputs. For the
aggregate production function E = (B°Z)*, when each producer takes prices and the decisions of
others as given, the aggregate (Nash equilibrium) supply function is E = 6Zp“p. Here p®isthe
price of E and the (fixed) parameter 6 is an increasing function of the number of E-producers,
and therefore positively related to the magnitude of the environmental distortion (or negatively
related to the degree of property rights). If there is open access with no property rights, & = 1; for
perfect static property rights, 6 = .5.

The supply of E depends on 6Z, which we define as "apparent stock”, to distinguish it
from the physical stock, Z. A larger environmental distortion (larger 6) implies alarger apparent
stock, and alarger supply of the factor E, for given Z and prices. Provided that the initial value of
0 exceeds .5, as we assume throughout the paper, a small reduction of & necessarily increases
efficiency (for given Z and price), in addition to reducing the current supply of E.

There are two economies, North and South, which are identical except for their values of
0 and (possibly) their stock levels. We assume that &5 > 6, where subscripts represent the

specific economies, so the environmental distortion isworsein South. For the trade equilibria
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we restrict attention to the case where both economies are diversified in production, so that factor
prices are equal.

Throughout the paper we use the following:
Definition: Environmental reform in country i means a reductionin 6. Harmonization of
environmental policies’ means a reduction in 648,. Upward harmonization means a reduction
In 64 6, caused by a decrease in d,. Downward harmonization means a reduction in d4 é,, caused
by anincreasein 4.

Thus, downward harmonization is consistent with a"race to the bottom", while upward
harmonization is consistent with a"race to the top".

2.2 Description of the Equilibria.  The Leontief technology and fixed labor supply imply that

there are two possibilitiesin both trade and autarky equilibria: either labor is fully employed, or
some labor is unemployed. Appendix A givesthe formulae for the price of B and extraction of E
in the different equilibria. First, suppose that labor is fully employed under both trade and
autarky.® Since the world production of A is2A" in both cases, we know the aggregate (world-
wide) amount of L and E used in sector A. Given the assumption of full employment, we can
calculate the amount of labor available for sector B. Due to Leontief technology, we then know
the aggregate amount of E used in sector B. Thus, we find the aggregate amount of E used by

theworld. Thisamount isthe same under free trade and autarky, and due to the structure of our

® The magnitude of the distortion may depend on institutions (e.g., those which affect property rights)
rather than government policies. In that case, harmonization means that the institutions become more
similar.

® |f labor is fully employed in one country, its price is positive. Under trade and with the assumption
of factor price equalization, labor must also have a positive price and be fully employed in the other
country. Under autarky, labor might be fully employed in one country and unemployed in the other.



10

model, isindependent of the values of §,. However, the amount of extraction in each country
does depend on 9.

Now consider the case where labor is unemployed in both countries, in autarky. Inthis
case, there is only one constraining factor of production, E, so we have the standard Ricardian
model. Inview of the assumption that countries have the same technology, thereis no reason for
trade: the autarkic and free trade equilibria are identical. Thus, the aggregate supply of E isthe
same under free trade and autarky. However, both the aggregate and individual country supplies
of E now increasein §;: Looser property rights lead to more extraction, which reduces
unemployment

In autarky, labor isfully employed in country i if and only if the apparent stock, 6,Z, is
sufficiently large, i.e. if and only if Z; exceeds acritical value, which we denote as Z°(5,). This
result isintuitive. Labor isfully employed if and only if thereis sufficient E, and the supply of E
dependson 6,Z;. Similarly, with trade, labor isfully employed if and only if the world supply of
E issufficiently large, which in turn requires that world aggregate apparent stocks, ¢ = 6,75 +
d\Zy, exceed acritical level, which we denote y°.

Under autarky, loose property rights lead to excessive extraction and welfare loss only
when resource stock islow (Z<Z°). Thisresult is an extreme version of the empirical observation
that property rights matter most when the resource base is weak. However, in our model property
rights always matter in trade, aresult which is consistent with the concern that trade makes
market imperfections more important.

The remaining two possibilities are: (i) labor is fully employed under free trade (¢ > )

but unemployed in one country under autarky (Z; < Z%(5,) for one country); or (ii) labor is



11
unemployed under free trade (Y < §°) but fully employed in one country under autarky (Z; >
Z%(d;) for one country). Figure 3 shows the regions of (Zg,Z,) space where the various
possibilities occur.” In region | thereis full employment under autarky and trade; in region 1V,
there is unemployment under both regimes. Regions|l, I11, V and VI comprise the sets of stocks
where the remaining possibilities occur. For example, inregion |1 labor is fully employed under
trade, but unemployed in South under autarky. We concentrate on regions| and 1V, in order to
make our point about environmental reform as ssimply as possible. The results for other regions

aresimilar to thosein region I.

Zg 0 L=Zy
VI
// 1
,// 8 Zy~0s g
v L
Al 7
S /// II .
v I =¥
Z§ Zy

Figure 3: Regions of State Space

In region |, from the Heckscher-Ohlin-Samuel son theorem, and the assumption that the
stock of L isthe samein both countries, we know that the country with the larger supply of E
exports the resource intensive good. Since supply of E is proportional to i’ s apparent stocks

(recall that E; = 8,Z,p%p), acountry’s share of world supply of E equalsits share of world

" Near the axes one country is specialized, and our description is no longer correct. Thusall of our
remarks apply to the "cone of diversification". We do not include this cone in the figure in order to
avoid clutter, and because we will not discuss regions of specialization. Similarly, our comments do not
apply to an areain region IV near the origin, where the countries are too poor to be able to consume A",
Suitable restrictions on parameters ensure that after excluding this area, none of the regionsis empty.
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apparent stocks. The country with the larger apparent stock of resource exports the resource
intensive good. For stock combinations below the No-Trade-Line (NTL) defined by 6,Z,, =
d<Zs, North exports the resource intensive good. For stock combinations in the intersection of
region | and the cone formed by the NTL and the 45° line, South has an "apparent" but not a
"real" comparative advantage in the resource intensive good. For these stock combinations,
South exports the resource intensive good because its environmental distortion is greater, despite

the fact that its extraction costs are higher.

3. Static Effects of Reform

We first consider the instantaneous welfare effects of environmental reform under
autarky, and then under free trade. Welfare is measured by the amount of B that is available for
consumption, since consumption of A isfixed at A*. Consumption of B equals production minus
the amount of B used in extracting E and net exports (under trade).

3.1 Static Effects of Reform under Autarky. The situation under autarky is straightforward; here

we drop the country subscript. We noted in the previous section that for Z > Z%(8), where labor
is fully employed, the equilibrium supply of E (and thus production and consumption of B) is
independent of &. Thus, for Z > Z° environmental reform has no effect on static welfare under
autarky.

For Z < Z°, however, domestic welfare and unemployment are decreasingin 8. When
labor is unemployed its price is zero, and national income equal s rents in the E-producing sector,
p°E(Z,B°) - pB®. A larger value of & implies alarger gap between the value of marginal product

and price, and thus lower rents and lower welfare. Anincrease ind also raises the apparent
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resource stock, resulting in larger extraction of E, which requires that more labor is used to

produce the input B.

EIII

EII
° E’
A* A
Figure 4: Effect of 6 and Z on Output

Figure 4 illustrates the effects of changing 6 for different values of Z, under the
assumption that the stock is large enough for the country to be able to consume A”. Theline
labeled L shows production pairs consistent with full employment of labor. ThelinesE’, E'” and
E’'’ are graphs of the environmental constraint for different values of E. The relative slopes of
the linesimply that good B uses E intensively, but this assumption has no bearing on the results.
If Z > Z°, the equilibrium level of E must equal E’’’, with full employment of both factors and
production of A", In this case achangein 6 does not alter the level of E. For example, if the
level of E wereto rise following an increase in 8, maintaining production of A" requires
unemployment of E, and thus p®= 0. In that case, however, no E would be produced, so this
could not be an equilibrium.

If, however, Z < Z°, the equilibrium level of Eisat alevel such asE’, with some labor

unemployed and production of A”. If & increases, the supply of E increasesto E'’, and
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production of B increases. However, the increased supply of E requires higher input use, B°.
Since the value of the marginal product of B was already below its price, the increase in B® must
exceed the increased production of B. Thus, the amount of B available for consumption, and
hence welfare, decreases. Theincrease of E from E' to E'’ shifts the equilibrium closer to the
full employment line L, and therefore decreases unemployment.

In this model, environmental reform has no static welfare effect when the environmental
stock islarge, but improves welfare when the environmental stock is small. This conclusion
implies that reform is most important when environmental stocks are small. An environmentally
rich country (large Z) does not benefit much from reform in the short run. Reform does benefit
an environmentally poor country, even in the short run.

The model also supports the widely held belief that environmental and employment goals
sometimes conflict.® When environmental stocks are low, greater environmental protection
improves static welfare but increases unemployment. Governments which are more concerned
with employment than with national income may be reluctant to adopt stricter environmental
standards.

3.2 Static Effects of Reform under Free Trade. We saw that for stocksin region IV, autarky

and free trade are equivalent. In thisregion, the benefits of environmental reform are also the
same under trade and autarky. That is, domestic reform raises domestic welfare and
unemployment, without affecting the other country.

We now show that in region | aggregate welfare depends only on the relative distortions,

but the distribution of welfare a'so depends on absolute levels of the distortions. We noted that

8 See OECD (1997) for athorough discussion of environmental policies and employment.
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in region | with trade, aggregate supply of the factor E is independent of 6,, but each country’s
share of that factor isequal to its share of aggregate apparent stocks. Environmental reformin
country i decreases its share of world apparent stocks, causing production of E to shift to the
other country. Given that the world supply of E isindependent of 65 and o, asis the world
supply of A (= 2A”"), the supply of B must also be independent of 6.. However, since each
country’s share of aggregate E depends on thed’s, the amount of B used to produce E, B + By,
also depends on the &’'s. Therefore the aggregateconsumption of B (= production of B - B - By),
which measures world welfare, depends on the 6’s. Reform in North shifts production of E to
South, where the marginal value of product is already lower (becausedg > d,). Thisreform
therefore decreases the amount of B available for consumption, and lowers world welfare.

Reform in South increases world welfare.®

North Loses NTL
NRL
South Loses

Zy

Figure5: Country Effects of Reform in South

® Appendix E of KSZ (1997) shows that the total world amount of B used to extract the fixed amount
of E increasesin 848, for 65>0,.
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The effect of reform on individual countries’ welfare is more complicated, because reform
causes a change in the terms of trade in addition to areallocation of production of E. In
Appendix B.1 we show that if 65> 3/4, South aways benefits from domestic reform when stocks
areinregion I.*° Thereisaline from the origin with slope dZ4/dZ,, = (3 - 4848,/ lying below
the No Trade Line (NTL), which we refer to as the Southern Regret Line (SRL) (Figure 5). For
stocks below the SRL, South loses from domestic reform, and for stocks above that line, South
benefits from reform. Reform in South causes areduction in its supply of E. In order for North’s
supply to increase (noting that the total supply of E isfixed), the equilibrium p%p must increase.
By the Stolper-Samuel son theorem, and our assumption that good B is E-intensive, p must
increase. Abovethe NTL, where South exports B, theincreasein p is an improvement in South’s
terms of trade, which reinforces the beneficial effect of reducing the market imperfection. For
stocks below the NTL, where South imports B, the increase in p is a deterioration in South’s
terms of trade. 1f South is a sufficiently large importer of B, i.e. if stocks are sufficiently far
below the NTL (more precisely, below the SRL), the deterioration in South’ s terms of trade more
than offsets the direct benefit of reducing South’ s gap between the value of margina product and
price in the E-sector. In this situation, South is harmed by its reform.

Figure 5 also shows aline from the origin with slope dZ4/dZ,, = (3 - 48,)0,/0, |abeled
the Northern Regret Line (NRL), lying between the NTL and the SRL. For stocks above this
line, North loses from Southern reform, and for stocks below the line, North benefits. Southern

reform: (i) increases p and (ii) causes production of E to shift to the North, increasing the gap

1 The analysis of regions|I, I11, V and VI yields no additional insight, so for the sake of brevity we
ignore these.
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between the value of marginal product and p in North’s E-sector. The second effect always
harms North, and the first benefits North only if North exports B. Thus, North benefits from
Southern reform only if North is a sufficiently large exporter of B, which requires that stockslie
below the NRL. In order for both countries to benefit from Southern reform, stocks must liein
the region between the NRL and the SRL.

The analysis of reform in North issimilar. North always benefits from its reform unless
itisasufficiently large importer of B; South always loses unlessit is a sufficiently large exporter
of B.

Equal-proportionate reform in the two countries which leaves relative distortions
unchanged (i.e. reform, without harmonization) does not alter E or aggregate welfare. However,
this reform reduces world apparent resource stocks. In order to maintain the same level of
extraction, the price of the resource intensive good (B, in our example) must rise. Equal-
proportionate reform thus benefits exporters of the environmentally intensive good and harms
importers. Therefore, when evaluating a policy change which leaves d46,, unaltered, exporters
of the resource intensive good (B) prefer a"race to the top”, and importers of B prefer a"race to
the bottom."

3.3 Discussion of Static Effects. Remark 1 summarizes the static effects of reform:

Remark 1. (i) Under autarky, for sufficiently small stocks, environmental reform reduces
extraction, increases welfare and unemployment. For large environmental stocks, the
environmental distortion isirrelevant and reform has no effect on welfare or employment. (ii)

Under free trade, with sufficiently low stocks in both countries (region V), reform has the same
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welfare effect as under autarky.™ (iii) Under free trade with sufficiently high stocksin both
countries (region 1), aggregate welfare depends only on relative distortions, but the distribution
of welfare also depends on levels of distortions. (a) Southern reform: (1) increases world
welfare, (2) harms North unless North is a sufficiently large exporter of B, (3) benefits South
unless South is a sufficiently large importer of B, and (4) has no employment effect. (b) Northern
reform: (1) decreases world welfare, (2) harms South unless South is a sufficiently large exporter
of B, (3) benefits North unless North is a sufficiently large importer of B, and (4) has no
employment effect. ®

These results illustrate the importance of the trade regime in designing environmental
reform. Thelack of substitutability in our model emphasizes the role of relative rather than
absolute distortions in the trade equilibrium. Harmonization improves world welfare: arace to
the bottom can be as beneficial as araceto thetop. Reform in North, without harmonization,
lowers welfare. In amore general model (with substitutability) both relative and absolute levels
of distortions would be important. In such amodel, downward harmonization (or reform in
North without harmonization) would produce two offsetting effects. Our model eliminates one
of these effects; it identifies - and exaggerates - the importance of relative distortions.

Our results should therefore be interpreted in the following manner: When environmental

stocks are large, the domestic distortion has little effect on the autarkic equilibrium, and reform is

! The effect on unemployment is more complicated, because the free trade equilibrium is
indeterminate in region IV. There we have the one-factor Ricardian model with identical technology and
consumption fixed at A" in both countries. A range of production points are consistent with free trade
equilibria. Each of these involves the same level of welfare and supply of the factor E;, but each has a
different level of unemployment. The price of labor is zero, so the amount of employment does not
affect welfare. We can show that reform in one country never increases, and may decrease, the
maximum amount of unemployment in both countries.
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unimportant. For these high stock levels, the absolute levels of the distortions remain
unimportant in the trade equilibrium. Therefore, the effect of proportional reform in both
countriesis roughly the same under trade and autarky. However, under trade, relative distortions
are important even for large environmental stocks. Reform with harmonization produces large
welfare gains, but reform without harmonization may have negative effects on welfare.

If the level of the stocksis uncertain, upward harmonization may be strictly better than
downward harmonization. For stocksin region I, harmonization upward and downward have the
same effect on aggregate consumption. For stocksin region 1V, harmonization upward benefits
South and has no effect on North, while harmonization downward harms North and has no effect
on South. If stock levels are uncertain and there is a positive probability that stocks are in region

IV, expected world welfare increases more from upward than from downward harmonization.

4. Dynamic Effects of Policy Reform

We now turn to a dynamic model in order to study the effects of reform on environmental

stocks, and thus on long-run welfare. We use the logistic growth function for the stock: dz/dt =

Zl: nZ, - yZ2 - E. The parameter y measures the congestion effect in growth; y > 0 ensures that

Z is bounded. The non-congested growth rate of the environment, 1, provides a measure of
environmental resilience. When n islarge, the environmental stock recovers quickly from low
levels. Thus, we associate a large value of n with aresilient environment, and a small value of 1
with afragile environment. The level of E isthe amount of extraction at apoint in time. Aswe

previously discussed, in autarky the equilibrium E; is an increasing function of §,Z; for Z, < Z$(3))
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and constant for Z, > Z$(5,). With free trade, the equilibrium E; is an increasing function of §,Z
for ¢ < ¢ and an increasing function of 8,Z,/(8,Z, + §,Z,) for ¢ > y°.** Under both autarky and
free trade there are two dynamic regimes, depending on whether labor is fully employed.

Figures 6 and 7 show three possible dynamic portraits for autarky and trade. Figure 6
shows the graphs of Z under autarky. Figure 7 shows the phase portraits under free trade. The

qualitative dynamics, under both trade and autarky, depend on the magnitude of . There are
four critical values of this parameter, }* and " for autarky, and 7 and 0" for free trade. The
three possible dynamic regimes under autarky are (Figure 6): (a) For n < 74 thereis a unique low
stable steady state with unemployed labor, Z,; (b) For )* < n < n"?thereis alow stable steady
state with unemployed labor, a high stable steady state with full employment (Z,), and an
intermediate unstable steady state (Z,); (¢) For n"® < ) there is a unique high stable steady state
with full employment. The three cases under free trade (Figure 7) are similar, although the
critical values of n are different. The low stable steady state under trade, Z, = (Z,, Zg), has
unemployment in both countries, and the high stable steady state, Z,, = (Zy,, Zs,), has full

employment. The unstable steady stateisZ,,.

12 The dynamic equilibrium is a sequence of the static equilibria studied in the previous sections. In
section 2 we noted that the relative magnitude but not the source of the distortion isimportant in our
model. We explained that the supply function E = 6Zp%/p can be derived as a Nash equilibriumto a
common property game with afixed number of producers. We retain this supply function for the
dynamic setting. If we allowed producers to be forward looking, we would need to solve the equilibrium
for adifferential game. This model would almost certainly be intractable. The autarkic supply function
would be A(Z)pp, rather than 6Zp®%p as we currently have. (The trade supply function would depend on
both stocks.) That is, we would have replaced a simple function (6Z) by a complicated and unknown
function [A(Z)]. A larger distortion (weaker property rights) would still imply additional extraction, i.e.
would shift out the function A(Z). Therefore, we expect that the introduction of forward looking agents
would not alter our qualitative results.
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(@) n < 2 (b) #& p<pyra ©n =y

Figure 6: Autarkic Dynamics for Different n

@ n<h d)f<n<n*

Figure 7: Free Trade Dynamics for Different n
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We study the dynamic effect of reform by examining the steady state effect of a non-
marginal decreasein 6,. A marginal changein d, could cause a non-marginal change in steady
state only for "knife-edge" cases, wheren or the initial value of Z was at a critical level. We are
able to study the effect of non-marginal changesin 6, using comparative statics because the
important endogenous functions are monotonic in . When we say that reform has a"qualitative
effect"” we mean that it has the potential to change the characteristics of stock dynamics. For
example, reform might change the dynamic representation from Figure 6ato 6b (or from 7ato
7b). In order for a qualitative change to occur, reform must change the critical valuest® (1))
and/or n* (") by alarge enough amount that their position relative to the fixed value of n
changes. When we say that reform has only a "quantitative effect” we mean that it atersthe
position of steady states, but does not change the representation of stock dynamics. In this case,
reform does not change the critical values of 1 by enough to alter their position relative to the
fixed parameter 1.

4.1 Dynamic Effects of Reform under Autarky. The dynamic effect of reform in autarky is

straightforward. The comparative statics of critical values (derived in Appendix B.2) are

@ N0, 9050, %2 <o
dd dd 1
@ o B BT A0 (1)
= = —, (e — < V; < .
dé dd dd dd

Equation (1) has several implications for environmental reform under autarky. \We noted
in Section 3 that for Z < Z°, reform increases both instantaneous welfare and unemployment and

decreases the flow of environmental extraction. In the short run, environmental and welfare
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objectives conflict with employment objectives. From (1f), in the long run these goals are
compatible, even if the economy reaches alow steady state with unemployment.”® In the long
run, environmental reform allows the environment to improve sufficiently that employment is
higher despite tighter regulations. A government’s enthusiasm for reform depends on its short-
run tradeoff between national welfare (and the environment) and employment, and also on its
discount rate.

Reform can also cause qualitative dynamic changes. There are three cases.
Case lIf n <1? decreasing has no qualitative effect (from Equation (1a)). The economy
always reaches a low steady state with unemployment. Reform has only the quantitative effects
described in the previous paragraph.
Case ll:IIf n > 18 reform has neither a (long run) qualitative nor a quantitative effect (from
Equation (1b)). The only effect of reform is that for Z°<kbth unemployment and welfare are
higher, and the environment recovers more rapidly.
Case lll: For the intermediate cag§,<n <n'? the magnitude of the reform is important. If the
reform is "moderate”, in the sense that Figure 6b continues to represent the dynamics, then the
effect of reform depends on the initial conditiop, ¥Vhen Z < Z, (which is independent &),
reform has the quantitative effect described in Case |. WherZZ reform has no effect, as in
Case Il (with Z > Z°). If the reform is sufficiently large, the post-reform dynamics are described

by Figure 6c¢. In that situation, reform causes a qualitative change even for small initial stocks

BTheincreasein 67, caused by the decrease in & resultsin an increase in the steady state supply of E.
In terms of Figure 4, reform causes the E constraint to shift up, leading to less unemployment.



24

since the stock approaches a high rather than alow steady state. For large initial stocks, alarge
reform has neither a quantitative nor a qualitative effect.

We summarize these conclusionsin:
Remark 2. Under autarky, (i) if the resource is sufficiently resilient (77> n*?), reform does not
have any long-run effects; (ii) If the resource is sufficiently fragile (< #7), reformresultsin a
quantitative increase in long-run welfare and employment. Here, long-run welfare and
employment goals are consistent; (iii) If the regenerative capacity of the resource is moderate
(7# < n< n'®), reform can result in a qualitative improvement in the long-run welfare and
employment if the initial stock islow; (iv) Reform can either increase or eliminate the low steady
state, thereby decreasing or eliminating unemployment and improving welfare in the steady
State.®

4.2 Dynamic Effects of Reform Under Free Trade. We now consider the long run effect of

reform in the free-trade equilibrium. Reform in country i has the same effect on the low steady

state Z, as under autarky: Z, and 6, Z; increase, and Z,

1] # 1, isunchanged. A reductionin ; has

indeterminate effects on the high steady state Z,,. The only possibility that we can exclude is that

reform in North decreases Z,,, and increases Zg,."*

" We expect that in the "usual case", Northern reform would increase Z ,, and reduce Z,, as
production of E shiftsto South. However, since areduction in 6, causes both isoclinesin Figure 7 to
shift down (for ¢ > ), we can not rule out other possibilities.
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The qualitative changes in the phase portrait are more interesting. Harmonization reduces

the critical value of 7} (appendix B.3), i.e.:

d(d15y) > 0 @

The critical value 1} depends only on relative property rights (relative distortions), measured by
d4/8,. Harmonization of policies, achieved by either an improvement in Southern standards, or
an equal -proportionate deterioration in Northern standards, reduces64/6,,. If n <7(040y) prior
to harmonization, the unique steady state is Z,, where the environmental stock islow and thereis
unemployment. Harmonization may cause ) to exceed the post-reform critical 1, thereby
creating a high steady state. (The phase portrait changes from Figure 7ato 7b.) If theinitial
stocks, Z,, are sufficiently large, harmonization causes the economies to move toward the high
steady state. In this case, harmonization benefits both North and South in the long run, even if
either of them suffersinstantaneous welfare losses (Remark 1).

Conversely, unilateral reform in North, which represents a movement away from
harmonization, could cause n to fall below 7. Suppose, for example, that pre-reformn > 1) and
Z, lies above the convergent saddle path through Z ,, so that the economy is moving toward Z,..

If after Northern reform, n < 7, the economy approaches the low steady state Z,. In this case,
even if North and/or South benefit from Northern reform in the short run, both lose in the long
run.

If theinitial condition satisfies yr, < ¢° (low environmental stocks), the economies remain

trapped at alow steady state even if harmonization changes the dynamics from Figure 7ato 7b.
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Any initial condition Z that satisfies §r, < Y° necessarily lies below the convergent saddle path
through the unstable steady state (see Figure 7b). Equilibrium trajectories for initial conditionsy,
< ° converge to the low steady state. The fact that the high steady state comes into existenceis
irrelevant (given sufficiently low initial conditions). Reform in either country increasesits
apparent and real environmental stock in the long run and thus increases that country’ s steady
state welfare, without altering the other country’s steady state.

The critical valuen’ (above which only a high steady state exists) depends on both the
relative and absolute values of o,; we noted that the critical value of 1} depends only on relative
values. Reform in South decreases both the absolute distortion in South and its distortion
relative to North. Consequently, dn’/dds > 0 (Appendix B.4). Southern reform may cause the
phase portrait to change from Figure 7b to 7c. In that case, if the economies were trapped at a
low steady state, reform would cause them to move to a high steady state with full employment.

Northern reform increases the rel ative distortions but decreases an absol ute distortion.
The effect of Northern reform onn’ depends on which of those influences is stronger. This
comparison depends on the severity of the environmental problem and the initial difference
between 65 and . We define theindex g = ya, ' as a measure of the severity of the
environmental problem. Thisindex depends on the physical/biological process, and on the
economic variables which describe production and preferences, but not ond,. Theindex isan
increasing function of the congestion parameter y. Greater congestion tends to make the
environmental problem more severe. The parameter a, defined in Appendix A, is the amount of
the environmental factor needed to produce a unit of commodity B. An increase in g means that

the environment becomes more important to production, and low environmental stocks become
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more damaging. Finaly, ¢, which isafunction of all of the economic parameters except o, is
the minimum aggregate apparent stock needed for full employment. Anincreasein i aso
means that the environment, and thus environmental problems, are more important.
The effect onn’ of 8, depends on whether the index g exceeds a critical level, defined as
g = 8% + 28, - 1, and on whether 8 exceeds a critical value 8%, with &, < 8% < 1 (Appendix
B.4):
>0 ifg<g’

dn’
dd,

>0 ifg>g  and & < O ©)
<0 ifg>g" and & > &

Equation (3) states that if the environmental problem is not "very severe" (g < g), then
the absolute effect of Northern reform always dominates the relative effect, and Northern reform
decreases the critical valuer . If, on the other hand, the environmental problem is "very severe"
(g > g), then either the absolute or relative effect may dominate. If the difference between the
property rightsislarge (05 > 6%), the relative effect dominates, and Northern reform increases the
critical value of n".** If the difference between the economiesis small (55 < &%), the absolute
effect dominates, and Northern reform decreases the critical value of . The fact that upward
harmonization certainly decreasesn’, but downward harmonization may increasem’, creates a

strong presumption in favor of upward rather than downward harmonization.

> Sinceq' isincreasing in 8,, for larger Northern distortionsit is less likely that g > g, and therefore
lesslikely that dn’/dd, < O.
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Remark 3 summarizes the implications of equations (2) and (3). When we say that an
outcome is"lesslikely", we mean that the range of parameter values for which the result occurs
issmaller.

Remark 3. (I) Southern reform (upward harmonization) decreases both the critical values 7
and n7'. Reducing these values makesiit less likely that there will be a unique low steady state
(Figure 7a represents the dynamics), and more likely that there will be a unique high steady state
(Figure 7c), creating the possibility of qualitative improvements in welfare and employment. (ii)
Northern reformraises 7, making it more likely that there will be a unique low steady state
(Figure 7a). Northern reformmay raise 77, making it less likely that there will be a unique high
steady state (Figure 7c), again leading to qualitative welfare and employment losses. (iii)
Northern reform reduces 77, if: (a) the environmental problemis not too severe or (b) the initial
difference between North and South is not too great. In this case, Northern reform makes it more
likely that there will be a unique high steady state (Figure 7c), leading to qualitative welfare
and employment gains. ®

4.3 Comparison of Results Comparison of Remarks 3 and 1 shows how the dynamic and

static effects of reform differ under free trade. Inregion I, where "trade matters', instantaneous
aggregate welfare depends only on the relative distortions. Harmonization, whether achieved by
upgrading Southern standards or degrading Northern standards, has the same instantaneous effect
on aggregate welfare. Upgrading Southern standards is a better option only if the level of
environmental stocksis uncertain (with a positive probability that stocks are in the region where

trade does not matter) or if distributional issues are important.
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For the dynamic analysis, on the other hand, absolute as well asrelative levels of
standards are important. Consideration of long run effects creates an additional reason for
preferring upward rather than downward harmonization. In the long run, reform affects
environmental stocks. Harmonization upwards is more likely than harmonization downwards to
cause a qualitative improvement in environmental dynamics and an increase in long run stocks,
and consequently welfare.

Comparison of Remarks 3 and 2 shows how the dynamic effects of reform depend on the
trade regime. 1n aclosed economy, reform does not ater the critical value®, below which only
alow steady state exists. If acountry under autarky istrapped in a steady state with low
environmental stocks and unemployment, technology and preferences determine its destiny.
Environmental reform cannot lead to a qualitative improvement (high stocks and full
employment). In contrast, if open economies are trapped in alow steady state with
unemployment, harmonization of environmental policies (which reduces 73) may enable them to
escape to a full-employment high steady state. Thisresult illustrates the importance of the trade
regime in determining the effect of Southern environmental reform.

In aclosed economy, reform always reduces the critical valuen 2, above which only a
high steady state exists. Therefore, if an autarkic economy has both the danger of going to alow
steady state and the possibility of reaching a high steady state, reform might ensure that the
economy reaches the high steady state. With open economies, reform in the more distorted
economy reducesn’; reform in the less distorted economy may increase this critical value.

Therefore, in open economies, reform in the less distorted economy can either increase or
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decrease the danger that environmental stocks moveto alow steady state. This result illustrates
the importance of the trade regime in determining the effect of Northern environmental reform.
Finally, the three Remarks show that environmental reform has different short and long
run effects on unemployment. Under both free trade and autarky, environmental reform always
increases unemployment in the short run, when thisisinitially positive. Inthelong run,
however, the environmental and employment goals are compatible. When unemployment is
positive in the steady state, under either trade or autarky, environmental reform either decreases

or eiminatesit.

5. Discussion and Conclusion

Since our model is not completely standard, it isworth discussing the plausibility of its
assumptions, and the bearing these have on our results. We assume that there is no
substitutability in consumption, or in production of the final goods A and B. Neither of these
assumptionsis "realistic", although (arguably) they may be more realistic than those which are
often invoked in models that require analytic solutions (e.g. constant expenditure or factor
shares). Agents’ preferences imply that the income elasticity of the subsistence good falls at
high income. The assumption of Leontief technology is familiar.

The assumptions have a powerful implication: they result in two regimes and the
possibility of multiple stable steady states under both autarky and free trade. When
environmental stocks are low, supply of the fixed factor (labor) does not constrain production,
and the environmental distortion lowers welfare by attracting too many resources into the

environmental sector. When environmental stocks are high, the fixed factor is fully employed
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and the environmental distortion isirrelevant under autarky. With high stocks, preferences and
technology rather than the extent of market failure determine resource allocation. A concave
growth function (logistic in our model), combined with two extraction regimes, leads to the
possibility of multiple steady states.

The ideathat market failures related to the environment are especially important when the
environmental stock islow seems eminently sensible. The discontinuity in regimes (but not in
production and consumption decisions) at acritical stock level is unrealistic, but also
unimportant to our results. We could "smooth the kinks" in the indirect utility function and in
the production possibility frontier, i.e. perturb the model by adding substitutability. This
perturbation would cause the two regimes to "blend” (merge smoothly) at the critical stock level,
while retaining the feature that the distortion is more damaging when stocks are low.

The perturbation would retain the possibility of multiple stable steady states, which drives
our results on the long-run effects of environmental reform. The existence of two regimes means
that extraction is an increasing function of stocks below acritical level, and constant for stocks
abovethislevel. The precise relation between flows and stocks is unimportant, but it is
important (and plausible) that the elasticity of extraction with respect to stocksis a decreasing
function of stocks. The perturbation we proposed retains this feature of the elasticity of
extraction. Thus, even with the perturbation, multiple stable steady states can arise, which in turn
means that environmental reform can have dramatic effects on the trajectory of an economy and

on the long-run welfare.
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Our model implies that in the short run trade equilibrium, both upward and downward
harmonization improve welfare when stocks are high. In the long run, upward harmonization is
more likely to increase (qualitatively) welfare and employment.

In the short run, if world environmental stocks are low, a country improves its welfare by
unilateral reform. Reform isimportant but harmonization isirrelevant. If environmental stocks
are high, harmonization increases efficiency. However, it does not matter if harmonization is
achieved by relaxing standards where they are tight, or strengthening them where they are loose.
Here, harmonization is beneficial but reform may be irrelevant (when it occurs in both countries)
or harmful (when it occurs in the country with the stricter standards). Harmonization decreases
the discrepancy between real and apparent comparative advantages. To the extent that tradeis
driven by differencesin environmental standards, and thus by apparent as opposed to real
comparative advantage, harmonization can improve welfare even if it involves lowering
standards in one country.

This striking relation between stock levels and the differing importance of reform and
harmonization in open economiesis due to the assumptions of substitutability discussed above.
If we "smoothed" the model by allowing substitutability, absolute as well as relative distortions
would affect efficiency at both high and low stock levels. There would be preference for upward
harmonization even in the short run.

Even without substitutability, absolute levels of distortion can be important, leading to
arguments that favor upward rather than downward harmonization. First, absolute levels have
significant distributional effects. Second, if there is uncertainty about the true level of

environmental stocks, upward harmonization is more likely to produce efficiency gains.
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Our dynamic analysis provides an even more important reason for preferring upward to
downward harmonization. Non-negligible changesin policies can have dramatic effectsin
economies with multiple equilibria. Upward harmonization increases the chance of arriving at a
high steady state. Downward harmonization, despite the fact that it may have identical
Instantaneous (efficiency) effects, can reduce the chance of arriving at a high steady state. In the
long run, absolute as well asrelative levels matter, and as environmentalists claim, upward
harmonization is generally better than downward harmonization.

Increasingly open markets require that environmentalists adopt a global perspective, even
for local pollution problems. It isaso important to weigh the benefits of investing political
resources to promote reform in different countries. Even if absolute levels of distortions were
more important than relative levels (so that reform anywhere improves welfare), it is still likely
that reform in the most highly distorted economies will produce larger benefits. Reform in those
countries decreases both absolute distortions and differences in distortions. This conclusion has
an tinge of "environmental imperialism". Developing countries sometimes advise
environmentalists to put their own house in order before attempting to export environmental
reform. Thisisbad advice, especially from the standpoint that devel oping nations are likely to
have relatively serious environmental distortions.

We also used our model to describe the tension between the goals of decreasing
unemployment and of improving welfare and the environment. As"jobsfirst" activists claim,
raising environmental standards increases unemployment, when unemployment isinitially
positive. However, as environmentalists claim, in the long run improving environmental
standards increases employment. Thus, it would be more accurate to describe the anti-

environmentalist camp as "jobs now first".
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Appendix A: Model Details
Goods A and B are produced using environmental service E and labor L with Leontief

: : EA LA . EB LB ;
technologies: A? = min{—, —=}and B? = min {—, —}. The constant supply of labor is
a; b a, b,
L.
There are two autarky equilibria depending on whether labor is fully employed. With full
by
b, b,y - oD

¢

amount of environmental extractionis 7 where ¢ = a2Z -A'D>0,andD = a)b, - a;b,>0.
2

employment, the price of Bis , Where $*=56Z (Equation (4) of KSZ), and the

With unemployed labor, the price of Bis i and the amount of extractionis oz (Equation (6)
a a,

of KS2).

Similarly, there are two free trade equilibria. When labor is fully employed, world price

b 2
of Bis 2_1|1 (Equation (9) in KSZ), and the amount of resource extracted in country i is
b,b,y-2¢D
28Z. : : . : .
E? = . (Equation (10) in KSZ). With unemployment, the world price and extraction are

i bzllj

the same as under autarky.
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Appendix B: Derivations

Appendix B.1: Southern and Northern Regret Lines (SRL and NRL)

The autarky welfare of country i = {N, S} is W,* = B/* - B*, where B}* isthe autarky

output of B and B, isthe amount of B used in extraction. The free-trade social welfareis
W, = Bid - B, where Bid is the domestic supply of B (total production net of export). The gain

from trade for country i is G, = W, - W,. Since W,* isindependent of the property rights, the

impacts of reform on a country’s welfare equals its impacts on the gain fromGrade,

PO Z~ By Zy1[(2-389Z¢- 0\ Z, ]

Appendix D of KSZ shows thaf = . Substitutifg

2
b Zg¥*

dG
= fd, into G, and taking derivative with respectfipwe get d(6S/; ) = (3-405)0,Zy - dZ .

N

Z o)
Thus South gains from its reform whe;ﬁ > (3-43) 6_N , that is, wignZy) is above the
N N

Southern Regret Line. Note that South always gains from its refalymr i8/4. We can identify

the Northern Regret Line in a similar fashion.

Appendix B.2: Equation (1)
The geometric proof of equation (1) is based on the factZthat s independdot Af

>Z°andZ is decreasing thfor Z < Z (see Section 2.2). In terms of Figure 6, the positions of
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the dashed curves are independent of 6, and the solid curves are lower for higher 8. To verify
(1), suppose that 1 = 7}%, so that the dashed curve is tangent to the horizontal axis. Since a
change in 6 does not alter the position of this curve, there remains asingle (low) steady state
(even after & has changed), which implies (1a). To verify (1b), suppose thatn =@, so that the
two curvesin figure 6 intersect on the horizontal axis (at Z°). Since an increase in & shifts down
the solid curve without altering the position of the dashed curve, the curves must now intersect
below the horizontal axis. Hence, there are two stable steady states, so after the increaseind, 1
lies below the critical "2, implying equation (1b). Equation (1c) is obvious: aworse
environmental distortion makesit more likely that labor will be fully employed for given Z, and
thus decreases Z°. To show this geometrically, we use the fact that an increasein 6 shifts down
the solid curvesin figure 6, decreasing the point where the solid and dashed curves intersect.
Thisintersection determines Z°. The location of the unstable and high steady states (if they exist)
are determined by the intersection(s) of the dashed curve with the Z axis. The dashed curve, and

therefore the points of intersection, are independent of 6. The location of the low steady state (if

it exists) is given by the intersection of the Z axis and the solid curve in Figure 6, which does

depend on d.
To verify (1f), note that given the resource dynamics Z = nZ - yZ? - g, we know the
a,
low steady-state resource stock is Z; = l(n - é). Thus a0z 1 (n- 2—6). We can show
Y a, ddo vy a,

that n™* < 2 (Appendix H in KSZ), and since 7 < " whenever the low steady state exists, we
a,

know d(d% < 0. That is, when a country improves its property rights (i.e. lowersitsd), itslow
steady-state apparent resource stock increases, and consequently steady-state employment

increases.
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Appendix B.3: Equation (2)

2,/52+5;
K SZ provide the formula | = ﬁ J2Y®/b, . 1tisthen straightforward to derive

s On
Equation (2).
. . dn * d’q*
Appendix B.4 Thesignsof —— and ——
dd, ddg
6]2\]+6§,+a2y1|j" dn’ dn’
KSZ show that n* = —————=—. Thus = Hf,(8,6,) and = Hf(,0y),
a,(0,+0) dd, ddg

where H > 0 is a constant independent of dsand &, f,(5s, 8y) = (- 85+28,8+85-g) and

(B, 8) = (8% +28,8, - 8% - g). &> Oy impliesfy < fg thus 40 < 40"
o, do,

We first show Equation (3). fy isaquadratic function of ds, and we are concerned with its

sign for the relevant range of J, [4, 1). Thetworootsof fy =0are g = 9o, - \/2612\, - g and Jdy,

=0y + \/2612\, - g,andfy>0for d5€ (Jg, Og). Itisstraightforward to show that d5 < d and dg
> 1wheng < ¢, establishing the first part of Equation (3). Thisresult isshownin Figure B.1.
Forg>(d, dy, < 1. Todeterminethe position of &y, we argue that f,, is positive at &=

Sy To show this, we use the fact that ™ < 2 (Appendix H in KSZ), from which we can show
a,
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that g < 2612v. That is, fy(dy, 6y) > 0. Therefore, oy < 6. Thisscenario isdepicted in Figure

B.2, which also shows the definition of &;=3,.

*

Now we show % >0. Itisstraightforward to show that fisincreasing in Jsfor
N

*

8¢ € [0y, 1). From thefact that fs> f and fy > 0 when &5 = &, we know dn > 0. Thisresult
N

isillustrated in both Figures B.1 and B.2.
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ddg

dn”

ds,,

> 5
5.5'1 aN

—
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[

Figure B.1: Effects of reform: g < g

an’
dd

dn”*
ds,,

» 5

Oy Aby Os; 1

Figure B.2: Effects of reform: g > g’
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