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Tax reform and the environment in developing economies:
isa doubledividend possible?

Abstract

We reconsider some analytical arguments on the double dividend, focusing on the small open
developing economy case. Compared with the large, mature industrial economies usually
considered, such economies differ in severa respects, including the structure of tax revenues,
commaodity pricing and sectora factor intensities. While a double dividend from environmentally-
motivated taxes is not assured, the range of conditions for its existence seems broader than usually
implied. Empirically, the scope for achieving both environmental improvements and diminished
excess burden in developing economies may be greater as a side-effect of the reform of existing
taxes than from imposition of explicit environmental taxes.

JEL Classifications: Q28, 013, F18.

Keywords. Double dividend, tariff, trade policy, devel oping economies, Thailand



Contents

I 1 oo [F o1 o o OSSP P PRSP 1
2. Distortions and environmental taxeS N thEOTY...........ooeeerirerinire s 2
2.1 TREOIELICAl COMEXT. ... ettt sttt sb bbbt nbesn e e 2
2.2 International trade and commodity price fOrmation............oceoeeerereieneneieer s 4
2.3 Intersectoral tax incidence and factor intensity differentials...........cccoovevninernncincsce 4
2.4 Green taxes vs. "green” taX FEFONMS........cviiiiiiriee e 6
3 Efficiency and welfare gains from trade tax liberalization.............cccoeevineininecenencesecneee 7
S LA SIMPIEMOUEL......ceeeeieeeeieee ettt e et et ne e enes 7
3.2 The laDor MAIKEL..........coiieieie e 11
4. Some data and observations from Thalland............c.ooeerininee e 14
I O] o 1T =T o] TP 15
REFEIEINCES. ...ttt bbbttt e e e bbb ne s 17
Table 1: Protection, factor intensity and emissions datafor Thai manufacturing industries......... 19
Table 2: Summary datafor top 10 industries in IPPS rankings, by ERP............ccccccovvnininnne. 20

Appendix: derivation Of @QUELTON (4).........urerrererereeires ettt 21



1. Introduction

In the past decade, environmental economists have responded to the challenge of designing
economically acceptable and politically feasible environmental tax policy by arguing that under
some circumstances, a*“green” tax may contribute more than merely environmental benefits. A
major innovation has been the observation that in addition to reducing pollution, the revenue rai sed
by agreen tax in atax-distorted economy may make possible the revenue-neutral reduction of other
distortionary taxes, thus increasing the efficiency of the tax system (Pearce; Repetto et al.). The
essence of the argument issimple. Distortionary taxes reduce welfare, and an uncorrected
externality isitsaelf adistortion. The revenue-neutral combination of agreen tax at the Pigovian rate
(i.e., that at which polluting firms fully internaize external costs), together with the reduction of a
distorting tax, will both reduce environmental damage and increase the efficiency of the tax system
asawhole.! Theenvironmental ‘dividend’ of the green tax is supplemented by an economic
‘dividend’ due to reduced excess burden; accordingly, thisis frequently referred to as the ‘ double
dividend argument.

The robustness of the double dividend hypothesis has been questioned. In particular, it has
been observed that in an economy distorted by pre-existing taxes, imposing a green tax at the
Pigouvian rate may result in the exacerbation of those distortions, and thus yield less revenue than
in the first-best case. Asaresult the magnitude of the second dividend may be small—and could
even be negative under some assumptions. In the latter case the welfare reduction from efficiency
losses may even be so large as to outweigh any imputed gain from the recycling of the
environmental tax. In other words, there may be no second dividend after dl, or at the very least, the
costs of imposing the environmental tax may be such that its socialy optimal rate will never reach
the Pigouvian level (Bovenberg and de Mooij; Bovenberg and Goulder).

In this paper we reconsider the likely effects of environmental taxes and of the
environmental effects of tax reform in the specific context of asmall open devel oping economy.
We contend that while a double dividend from environmental taxation can never be assured, the
range of conditions for its existence and efficacy in devel oping economies may be considerably
broader than the current literature appearsto imply. Finaly, we arguethat in industrializing
economies, the greatest scope for improvements both in environmental quality and the efficiency of
the tax system may arise from the imposition of explicit green taxes, but rather as a side-effect of

! Theideaof joint revenue and environmental benefits has become firmly, if not rigorously, established in the
minds of many developing country policy makers. In May 1997, the Thai government proposed to address an
impending budget deficit by introducing several new taxes, severa of which were defended on the grounds both of
revenue and of environmental benefits.



the reform of existing tax systems. The paper concludes with abrief illustration based on data from
Thailand.

2. Distortions and environmental taxesin theory

2.1 Theoretical context

In afirst-best world, revenues from taxes on environmental and other negative externalities would
be sufficient to fully finance public spending, with no need for distortionary taxes. Each
environmental tax would be set at the Pigovian rate, that is, the rate that equates its marginal social
benefit with its marginal socia cost. In practice, of course, other taxes are necessary to achieve
desired levels of government expenditure. The double dividend argument then runs as follows.
The imposition of an environmental tax will reduce emissions from the taxed industry and earn
revenue for the government. The extrarevenue can be used to reduce the rate of an existing
distortionary tax, the usua example being awage-based incometax. Socia welfare will thus be
increased by the reduction in pollution, and aso by the revenue-neutral reduction in the
distortionary tax.

Thereisatheoretical problem with this argument, however. Environmental and other taxes
may have negative interactions not clearly recognized in the early double dividend literature, with the
effect that the revenue-neutral cut in the distortionary tax made possible by the green tax isless than
might have been expected. With an upward-sloping labor supply curve, the real wage reduction
caused by increased commodity prices will reduce labor supply and this erosion (narrowing) of the
base of the labor tax will require an increase in the income tax rate if revenue-neutrality isto be
maintained. A recent paper by Fullerton and Metcalf summarizes the implications of neglecting to
count the price-increasing effect of the green tax:

...pollution taxes raise the cost of production and thus raise the break-even price of outpuit.
This effect reduces the real net wage, which offsetsthe increasein the rea net wage made
possible by using the revenue to reduce the labor tax rate. Under certain smplifying
assumptions that represent a reasonabl e approximation, the two effects exactly offset (1997,
p.7; see also Goulder 1995:279).

The existence of the second (fiscal) dividend thus depends on whether the revenue recycling effect
(the benefits of using green tax revenues to cut other tax rates) outweighs the tax interaction
effect—that is, the additional distortion created by the interaction of the green tax with existing
taxes? A revenue-neutral risein the environmental tax may be associated with arise, afall or no
changein the overdl efficiency of the tax system; that is, a double dividend cannot be expected asa
matter of course.



Numerical results of ssimulation exercises with genera equilibrium models support the
andytical findings, and motivate the conclusion that

...environmental taxes typically exacerbate, rather than dleviate, preexisting tax distortions—
even if revenues are employed to cut preexisting distortionary taxes...In the presence of
preexisting distortionary taxes, the optimal pollution tax typically lies below the Pigouvian
tax, which fully internalizes the marginal social damage from pollution. Intuitively, the
collective good of environmental quality competes directly with other collective goods
(Bovenberg and de Mooaij, p.1085; italics added; see also the conclusion to Bovenberg and
Goulder 1996).

The current literature thus offers little scope for optimism about the possibility of a double dividend
from green taxes. If such taxes are set high enough to achieve meaningful reductionsin emissions,
they may cause significant exacerbation of existing distortionsin the tax system. Policy makers
will then be forced to trade off the god of a cleaner environment against other policy targets.
Importantly, the seriousness of the problem increases with the degree to which the tax system is
initially distorted, since the greater the initia distortion, the greater the socia cost of imposing a new
tax.> By implication, the lessflexible isthe tax system, the smaller is the probability that the
socialy optima rate of a green tax will gpproach the Pigovian rate.

The double dividend debate provides areminder of the importance of ageneral equilibrium
approach to evauating the welfare implications of tax policies. However, the roles played by
specific structural features of double dividend models are not always fully articulated.” The
empirical focus of this literature (on carbon taxesin large industrialized economies) motivates
specific assumptions about the nature of the tax instrument and the price-setting capacity of the
polluting industry. An emissions tax discourages production, and its effect is passed on in the form
of higher consumer prices for the good produced in the polluting industry. Moreover, in analytical
models at least, intersectoral differencesin overal tax incidence and factor intensity are regarded as
negligible. The genera applicability of these assumptionsis an unresolved empirical question. In
the next paragraphs we consider likely differencesin the analysis of an environmental tax under
some aternative assumptions. The settings to be highlighted are arguably representative of a
middle-income devel oping economy, such as one of the East Asian "newly industrializing
economies’ (NIES).

2 Revenue recycling effect and tax interaction effect are terms introduced by Goulder (1995).

® This point is established empirically in Bovenberg and Goulder, who compare optimal carbon tax ratesin afully
optimized tax system with those in a system in which some tax rates are fixed at suboptimal levels (see p.993).

*'If an environmental tax isi mposed to replace command-and-control (CC) measures, there will always be adouble
dividend since atax at arate that matches the environmental and price effects of the CC instrument will raise revenue
that can be used to offset reductionsin other taxes (Fullerton 1997). In addition, tax revenues formerly used to
finance CC will be released for other purposes.



2.2 International trade and commodity price for mation

The first point concerns the assertion that a green tax is passed on in the form of a price increase.
In a competitive industry this can only occur if the priceis not constrained by the availability of
substitutes, whether from the domestic economy or abroad. In the case of energy the endogenous
price assumption seems reasonable, but this may not be so for many other commoditiesin which
polluting production isadomestic policy issue. Fertilizer and some other heavy and chemical
industries producing relatively undifferentiated products, with pollution as a by-product, fal into
this category. Unlesstradeis restricted, the border price acts asalimit price for domestic
producers, and atax on their output will reduce returns to sector-specific factors such asfixed
capita rather than being passed on to buyers. If the Law of One Price (LOP) holds, atax on
polluting production will result only in lower domestic output and higher imports of the taxed good.

In general equilibrium with LOP, agreen tax on a polluting production process will increase
revenues and have no domestic price effects, so long as the tax and trade response have negligible
effects on activity in other sectors. If LOP does not hold, domestic prices can be raised by an
amount governed by the elasticity of substitution between imported and domestic goods. Analytica
models stating that the tax is fully passed on in prices are dealing with the specia case of anon-
traded good.

There may till be atax interaction effect if domestic output or profits earned in the
polluting industry are subject to atax, so the existence of a double dividend is not assured merely
because output prices do not rise.®> In general equilibrium, however, a complete assessment of the
double dividend will also depend on intersectoral factor market responses.

2.3 Intersectoral tax incidence and factor intensity differentials

Existing analytical carbon tax models incorporate arather specia treatment of the real wage effect
of an environmenta tax. Since labor taxes (or equivaently, price increases or consumption taxes
that reduce the real net wage) are implicitly applied to labor employed in al sectors, in these models
the representative consumer faced with areduction in real net wages will respond by opting for
more leisure. The reduction in labor supply narrows the base of the income tax or its equivalent,
and is the cause of doubts about the double dividend. However, this neglectsinter-industry
variation both in the use of the polluting good and in the intensity of labor use. Carbon taxes on
energy industries are clearly unusual in that their effects are felt by avery broad range of
industries, but even these taxes can be expected to have differentia cost effects depending on the



energy-intensity of production processes. It goes without saying that an environmental tax on some
other type of good might have amajor impact on costs in some sectors, and no direct effect at all on
others.

In general equilibrium, there may be additional effectsto consider. If some sector directly
affected by atax islargein relation to factor markets, for example, then achangein its activities
might alter some factor prices. In that case all sectorswill experience relative factor cosst changes
and will adapt their own production plans and input demands accordingly.

In adiversified economy with limit pricing on at |east some goods, sectoral differencesin
the incidence of the environmental tax will cause labor and other mobile factors to migrate among
sectors. Whether real net wagesrise or fall, and thus whether the tax base expands or contracts as a
result depends — among other things — on the relative labor-intensity of the declining and expanding
sectors.

To seethis, consider the smplest case of asmall open economy with two industries, one
producing a‘clean’ good and the other a polluting good. Each industry uses labor and capital, both
of which are mobile between sectors; thereis an initial tax on labor income. Suppose that the LOP
or some other mechanismconstrains the price of the clean sector output, and choose the polluting
good as numéraire with aprice of 1. With agreen tax at ratet, the net producer price of thisgood is
1/(1+t). When the green tax rateisincreased, will real wagesrise or fall? Thetax increaseis
equivalent to afall in the relative producer price of the polluting good, so output declines, and some
labor and capital migrate to the clean sector . By the Stolper-Samuel son theorem, when the tax is
increased, the real price of the factor used relatively intensively in the polluting industry must fall,
and that of the other factor must rise. If the polluting industry isrelatively capital-intensive, atax on
its output will cause real wagesto increase  Under revenue-neutrality, if the green tax revenues are
used to cut the labor tax rate, the real net wage increase is even greater. I1n thisexample, agreen tax
that affects industry costs asymmetrically causes the base of the labor tax to increase so long asthe
labor supply curveis not backward-bending . Thetax interaction effect, in other words, is positive,
and the double dividend is assured.

Of course, the Stol per-Samuelson real wage prediction is less unambiguous in aworld of
many factors and sectors (it continues to hold in an average sense, however). The key point isthat
the environmental tax may affect not only labor supply (through the real net wage, asin the
‘standard’ models) but also labor demand, through changes in the relative profitability of
industries. Theimportance of the labor demand effect depends on the magnitude of sectoral

® Thetax has environmental implications at aglobal level that are not dealt with here. Whether global pollution
increases or falls depends, in part, on whether the production process in the domestic economy is more or less



differences both in the incidence of the pollution tax and in factor intensity. The model to be
developed later in this paper demonstrates that the demand effect identified above is more likely to
beinfluentia when intersectoral factor intendity variation is high, adistinctive feature of developing
€conomies.

2.4 Green taxesvs. " green" tax reforms

Analytica double dividend models concentrate, for good empirical reasons, on the example of a
labor or other income tax as the source of adistortion. Some additional insights can be obtained by
broadening the set of fiscal instruments that might be atered as the result of revenues from the
greentax. In developing economies, trade taxes—which are commaodity-specific and thus highly
distorting—are far more important sources of revenue than in industrialized economies. Inthe late
1980s, taxes on trade made up an average of 29.4% of government revenues in developing
countries, as compared with only 2.8% in industrialized countries. Income and social security taxes
made up 64.2% of revenuesin industrial economies but only 35.1% in devel oping economies
(Agenor and Montiel, p.29). In Thailand, arepresentative NIE, average revenue from persona
income taxesin 1991-5 was only 11% of total revenue; the average share of import duties was 19%
(Bank of Thailand). In generd, tax systemsin developing countries are more highly distortionary,
in part because of their heavier reliance on trade taxes. Thisraises the potential for environmental
taxes to achieve smultaneous improvements in environmental quality and in the efficiency of the tax
system.

The deeper point about import tariffs, however, isthat in contrast to atypical tax on
production or factor use, these policies promote production in targeted industries. To increasea
tariff isto increase the overal distortion of the tax system, and also, in the case of polluting
industries, to increase the production of emissions. Conversaly, tariff reduction means lower
production and emissions in those industries, with the net revenue result dependent on the original
form of the trade policy instrument and the effects of liberalization on output in protected and other
sectors, aswell as on concomitant changesin other tax revenues. It isintuitively clear that under
some circumstances, tariff reduction or other forms of policy liberalization in such highly distorted
tax systems could deliver environmental quality improvementsin addition to reduced excess
burden— the double dividend.

Thisdiscussion of differencesin commodity pricing rules, in intersectoral factor intensities
and in tax systems s intended to inform an investigation of the double dividend in atypica small,
open industrializing economy. Parts of the discussion seem to indicate a somewhat less pessimistic

polluting than that in the country(ies) from which imports are sourced.



outlook for the double dividend in such an economy. Among points we have raised, intersectora
variation in tax incidence and factor intensity, and the presence of narrow-based distorting taxes
such astariffs are potentialy the most significant. We examine their implications briefly in the next
section before turning, in sections 4 and 5, to an informal examination of tax reform in developing
countries and of relevant datafrom the Thai economy.

3 Efficiency and welfare gains from trade tax liberalization

3.1 A simple model

In this section we construct and analyze a smple genera equilibrium model of tax reform and
economic welfare in asmall open economy. Pollution is abyproduct of production in one sector.
The structure of the model is motivated by the recent experience of the group of developing
economies known as newly industrializing economies (NIES), and specifically by that of the Tha
economy. Inthat country, recent tax reform initiatives have emphasized the reduction of import
tariffs and the corresponding expansion of broad-based taxes, most notably a nationa value-added
tax (VAT) begunin 1992. Thesereforms are typical of tax changesin the NIEsin recent years.
We take this stylized case— an economy with existing trade taxes and aVAT— as our starting
point and examine the economic effects of afurther revenue-neutra tariff reduction. To ensure
comparability with the double dividend literature, our other assumptions about economic structure
and behavior match those of Bovenberg and de Mooaij.

Imagine an open economy in which two goods are produced, an import-competing good
(M) and an exportable (C). The economy issmall in relation to world markets, so base commodity
prices are determined through trade rather than through domestic demand and supply. Thereisa
single representative consumer who supplies labor, assumed to be the only factor in elastic supply.
Utility is gained from consumption of private goods (M and C) and two public goods, government
expenditure (G) and environmental quality (E). Labor, used only in production of M and C, is
homogeneous and the labor market clears across the two sectors at a common wage. We assume
for simplicity that only M production generates emissions (E).° We assume emissions to be
produced in fixed proportion to output, so E= E(M); E' <0, E" =0.

Producers face border prices P, and P., adjusted by the rate of any taxes on trade. For
smplicity, we choose units so that P,, = P, = 1. The M sector is protected by atariff, so producers
in that sector face domestic price p,, = 1+t. Producersin the C sector face pricep, = P, = 1.
Consumer prices are equal to producer prices plus avalue-added tax (VAT), applied a auniform

® This assumption is made for analytical convenience only. We briefly discuss other sectoral distributions of
emissions later in the paper.



rate h to domestic consumption of each good (since there are no intermediate goods, the VAT is
equivalent to asalestax). Consumersthus pay d. = (1+h) for the exportable, and g, = (1+t)(1+h)
for the importable.

The two private goods are produced by profit-maximizing firms using labor and sector-
specific factors, with CRS technology. Aggregate revenue is given by the GNP function r(p,v),
wherev isavector of factor endowments including the mobile factor, labor (L). By Shephard's

lemma, TIr(p,v)/ fp, = r.(p,v) isthe domestic supply of good i, and r(p,v)/ dL = w"(p,v) isthe
competitive equilibrium wage (in practice, since we deal only with labor market changes, v =L and
henceforth we suppress the superscript on w). Since we will make use of them shortly, itis
convenient to note here some relevant second-order properties of the revenue function as follows.

The response of wages to commodity price changesis given by 1°r(p,v) / dLfpj = Tw / fipj = r,;.
The sign of this derivative depends on relative factor intensity. In the simplest case of two factors

and two sectors, r;, is pogitive for the sector that isrelatively |abor-intensive. By Stolper-Samuelson,
in such asector arise in the output price raisesrea returnsto the relatively intensively used factor,
i.e, thewage. Lasly, wenotethat °r(p,v) /dL® = fw/ IL =r, <0 isthe wage responseto an
increase in the size of the labor force.

Our assumptions on consumer preferences follow Bovenberg and de Mooij. The
representative consumer obtains utility from consumption of private and public goods and leisure.
By choice of units the consumer is endowed with one unit of labor, so consumption of leisureis 1-
L. Households do not consider the environmental implications of their own consumption of M.
The utility function is thus written:

U =U(u(C, M), 1-L, G, E). (1)

Suppose utility to be weakly separable in private and public goods, which individuals take to
be fixed in supply. Suppose further that the labor supply decision is afunction of the real net wage
and that it is separable from decisions about the consumption of other goods, so:

L=L(w/p) L, >0, 2

w

a 1-a

where p(q) isaconsumer price index such that p = q,,q, ~, wherea is the share of purchases of M

in total household expenditures. We can represent the consumer’ s optimization problem with
respect to private goods by an expenditure function e(q,u). By Shephard'slemma, fe(q,u)/fq, =



&(q,u) isthe compensated demand for good i, and fe(q,u)/flu = g, is the marginal utility of aunit of
consumption.

The structure of this model mirrors those used in the analytical double dividend literature
except in two respects: al goods are traded, with their prices determined in international rather than
domestic markets and with tariffs aswell as domestic taxes; and sectors are heterogeneousin terms
of the labor-intensity of production. Distortions arise from three sources: two tax instruments, and
an environmental externality associated with the production of M. The VAT affects consumers
decisions only, whereas the trade tax affects decisions by both consumers and producers. Excess
burden associated with the tariff thus has two components, arising from the misallocation of
resources in both production and consumption.”

The government earns revenues from the tariff and the VAT and spends these on provision
of the public sector good. Its budget constraint is.

G=tz,(p.a.L,u) +ha e(q,u)q, i=CM, 3)

where g is domestic consumption of good i, as defined above, and z,, = (e, - r,,) IS net imports of
M. A revenue-neutral set of tax reformsisfound by setting dG=0 and solving to obtain:

dG=0

where mistheratio of imports (valued at producer prices) to total consumer expenditure, and a is

the share of expenditureson M to total expenditure (see Appendix for derivation). Other thanin
exceptional circumstances, |dh/dt| < 1, so for agiven changeint, asmaller proportional changein

the VAT rateisrequired to maintain constant government expenditures.
The aggregate budget states that the total value of private expenditures equalthe value of
private goods production plus tax revenue. Using (1), write the budget constraint as:

e@,u)=r(p,L)+G. ©)

’ Notice that since the value of E does not alter production functions and affects all consumers equally, the
environmental externality functionsin away analogous to the VAT. A more general model would allow for both
productin and consumer effects to be heterogeneous. Sources of heterogeneity could be related to technology on the
production side, and to avariety of phenomenaincluding spatial differences, on the consumer side. Thus, for



Since factor market clearing is assured by labor mobility, (3) and (5) fully describe the general
equilibrium of our smple economy. Satisfaction of these conditions ensuresthat tradeisalso in
balance, by Walras' law.

If M production is the chief source of environmental concern then it is apparent that in this
economy, reducing the tariff will deliver an environmental benefit. The tariff reduction will servethe
same environmental purpose as agreen tax. Then the question iswhether reducing the tariff could
also reduce excess burden, thus yielding the double dividend. By the theory of the second-best,
thereis no guarantee that reducing the rate of adistorting tax will result in anet increase in welfare.
Since the tariff is an important source of government revenue, thereis a concern that by reducing it,
the efficiency of the tax system will be diminished in away analogous to that described by
Bovenberg and de Mooij for the carbon tax casg, i.e., that trade liberalization and the accompanying
increase in the VAT required for revenue-neutrality will result in increased excess burden through a
narrowing of the tax base.

In this model the change in excess burden can be measured by arevenue-neutral changein
welfare from consumption of the private goods, inclusive of the effects of any change in labor
supply. Totally differentiating (1), using the price definitions to obtain dg,, = (1+h)dt + (1+t)dh
and dg, = dh, and collecting terms gives a comparative static measure of welfare change (defined
over M, C, G and L) for the representative consumer:

gdu=-z_ +eh]dt—[e + e, (1+t)]dnh + r dL + dG, (6)

where e, = fle(-)/lu, and subscripts on e and z denote derivatives as earlier defined. When the
government budget remains balanced (dG=0), arise in one tax rate must be matched by a decrease
in the other. Whether welfare rises or falls depends on whether these tax changes increase or
reduce excess burden, and also on whether labor supply rises or falls. Labor supply in turn will
depend not only on the real wage effect of a change in the CPI, but also, as was observed in Section
2, on endogenous changes in the nominal wage as labor is reallocated among sectors in response to
changesin relative producer prices. Will welfarerise or fal, and by how much, when labor market
adjustments are taken into account? Thisis the question we must answer in order to establish
whether or not adouble dividend is possible in this model.

example, urban residents may care more about pollution occurring in urban areas than about pollution affecting rural
aress.

10



3.2 Thelabor market
In earlier environmental tax models, the labor market response to arevenue-neutral tariff change
depends on overall labor supply response to achange in the rea net wage. In this model of a
diversified economy the real net wage change a so depends on shiftsin labor demand that occur as
the result of changes in the relative profitability of sectors. When sectors of varying factor intensity
respond to relative price changes, aggregate labor demand— and thus nominal wage pressures—
may rise or fall ®

Asnoted earlier, in genera equilibrium the wage is determined both by producer prices
(which determine labor demand) and by the consumer's labor supply decision, which depends on
consumer prices. When tax policy changes ater producer and consumer prices we have, from (2):

d =L, & dw- — dpd (7)

e
Y Y
Solution valuesin terms of the policy variables can be most readily be found by converting

variables from levelsto proportional changes (denoted by italics, e.g.I: =dL /L). Expression (7)
then becomes

L=e(W- p) ®)
where e, isthe elasticity of labor supply with respect to the real wage. We next seek expressions
for wand p. For the proportional changein the CPI, using the definition of p(g) and
P, = Tt, p. =0 for proportional changesin producer prices, we obtain:

p =Hh+aTt (9)
whereH = h/(1+h)) and T = t/(1+t), and a isthe expenditure share of the importable good. For

wages, from the second-order condition of the GNP function we have:

W =-¢Tt +el, (10)
where g, isthe elasticity of the wage with respect to p,,, and g, < O isthe elasticity of the wage with
respect to labor supply. The sign of g, depends, in this model, on whether the M sector is more or

less |abor-intensive than the C sector; it is positiveis M isthe labor-intensive sector, and negative
otherwise. A value of this parameter close to zero indicates that factor intensities are smilar across
sectors.

8 Of course, other characterizations of the |abor market are reasonable in developing country settings; for a
discussion of the Thai case see Coxhead and Jiraporn 1999.
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Substituting (9) and (10) into (8) and collecting terms, we arrive at a solution for labor
supply response to policy changes.

L =¢(e,, - a)Tt- HA (11)
wheree = e/(1-eg) > O isthe genera equilibrium labor supply elasticity. Expression (11)
distinguishes labor supply effects between supply and demand sides asfollows. Labor supply is
diminished by increasesin the VAT rate, and by the tariff if a > O; these are real wage effects from
the demand side. However, the tariff aso causes the protected industry to expand, and this may

increase or reduce the nominal wage, depending on whether it isM or C that isthe relatively labor-

intensive sector. By assumption sofar itisC, so g, <0. Inthat case atariff increase (reduction)

unambiguously causes labor supply to diminish (expand), for agiven value of h.

Whether atariff increase increases or reduces overall labor supply depends not only on
workers' labor supply responses to real wages, but also on the reallocation of labor between
industries which are more or less labor-intensive. Converting the expression for a revenue-neutral
VAT change (4) to proportional changes, we obtain:

~  _agimt+hag:
h—-Té " ﬂt (12

By subgtitution into (11) and collecting terms:

@ mou~

= T - 13
The first term within square brackets is the factor-intensity effect discussed earlier. Supposethat g,

» 0, that is, that factor intensity differences between sectors are small. Then the second term, which
captures the relative impact of labor market influences from the supply and demand sides,
dominates. A tariff risewill result inincreased labor supply if the labor demand effect (measured

by m) outweighs the real wage effect (a)— and vice versa.

We can now evaluate the net welfare impact of arevenue-neutra tariff change. Convert (6)
to proportional changes of variables:

§=-T[a-g]t- Hh+wL, (14)
where gisthe value of production of M expressed as afraction of y. Using (12) to eliminate h and

collecting terms:
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e a m ~ O
=-T¢ -g- -wL't. 1
é1+h 9 Wyl (13)

<>

Whereas a is defined in terms of consumers' prices, both g and mare defined in terms of producer

prices. Sinceq, = p,(1 + h) for i=M,C, it followsthat a — (1+h)g= (1+h)m or the difference

between consumption and production of M, valued in acommon set of prices, isequal to imports of
M vaued in the same prices. Using thisin (15),

Y @ [ 6
%:-TgHm- W%E. (16)

This shows that the welfare effect of atariff increaseis unambiguously negative aslong as
L/t<o0. Finally, substituting the expression for L shownin (23), noting that (a—)/(1+h) = Hm

we arrive at the general equilibrium expression for the welfare effect of atariff change, with
revenue-neutral ateration of the VAT rate;

%’ =-T(H(@+we)m wee,,) 17)

Aslong ase, <0, thisexpression is unambiguoudy negative. A shiftin the tax base from a

lessto amore distorting tax reduces welfare, except possibly when the sector benefiting from
increased protection is highly labor-intensive. Conversaly, atariff reduction will increase welfare.
In either case, the welfare changeislarger, the more elastic is the labor supply curve and the larger
islabor’s share of national income; similarly, the effect islarger when the M sector islargein
relation to the economy. Finally, the effect is greater when initia tax ratesare high, since T and H
then take larger values.

In an economy initialy distorted by atariff and a broad-based tax, the aggregate welfare
impact of areductionin the tariff will depend on two responses. First, the reduction in this highly
distortionary tax will increase welfare by reducing the excess burden associated with resource
misallocation by both producers and consumers. Thisisthe effect captured by the first term within
bracketsin (17). Second, in addition to increasing real net wages, the tariff reduction will also cause
some labor to move out of import-competing industries, an effect captured in the second term.
These changes will unambiguously increase labor supply, thus broadening the base of the
consumption tax, so long as the import-competing industries are important in relation to the
economy as awhole and employ relatively capita-intensive technologies. Conversely, labor supply
may declineif the real wage effect is small and the protected industries are relatively labor-intensive.
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By contrast with the carbon tax examples, we have identified a set of casesin which an
increase in the efficiency of the tax system accompanied by areduction in environmental damageis
beyond doubt for awide range of parameter values. A key differenceis that we have modeled an
economy in which technologies, emissions and tax incidence are dl distinct for different sectors.
This hereogeneity makesit possible to identify atax reform that reduces emissions and also
reduces excess burden.

4. Some data and observations from Thailand

The foregoing discussion provides afoundation for thinking about the environmental implications
of tax reformsin the NIEs, and in particular for asking whether a double dividend can feasibly be
expected from recent reforms, or from those that might be contempl ated.

The modd developed in section 3 examined tariff reform in an economy with existing tariffs
and asdestax or VAT. Aswe noted, the two mgjor tax reform initiatives undertakenin Thailand in
recent years are trade liberalization and the expansion of the sales tax base, through introduction of
aVAT in 1992 (Warr and Nidhiprabha). Environmental taxes, while widely discussed, do not play
asgnificant role in either environmental or fiscal policy at present. Most current environmental
policy takes the form of command-and-control measures, either regulating emissions or, in some
cases, determining the location of new industrid plants.

In our model we assumed, for heuristic purposes, that the import-competing sector was the
more emissions-intensive and thus that any reform resulting in reduced output of that sector would
have abeneficia environmental effect. Datafrom Thai manufacturing industries are consistent with
the model’ s assumptions. Table 1 shows that protected import-competing industries are very
heavily represented in the top echelon of polluting industries in Thailand, according to broad
measures of industrial emissions (this observation is consistent with the characteristics of protected
industriesin developing economies; see Birdsall and Wheeler 1992, and Lucas et al;. 1993).
Moreover, import-competing sectors are less |abor-intensive than the economy-wide average, so a
contraction by these industries can be expected to result in robust labor demand (and wage) growth
as other industries expand. Thus the prospects for trade liberalization to raise welfare,
conventionally defined, and to reduce the growth rate of industrial emissionsin Thailand and in
similar devel oping countries appear strong.’

° The guestion of the net environmental effect of the change remains unresolved, however. Emissions will
undoubtedly fall along with output in sectors where protection declines, but the resulting movement of resources
into other sectors and expansion of overall economic activity may cause a net increase in emissions. Whether the
net change in emissionsis positive or negative remains an empirical question.
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Among the import-competing sectors, several stand out as having both exceptionally high
emissions and above-average effective protective rates. Some examples are provided in Table 2.
The coincidence of high protection and high emissions strongly suggests that even if the
environmental benefits of ageneral trade liberalization are in doubt (the resulting expansion of the
economy could increase overall emissions), selective reductionsin trade barriers might significantly
reduce emissions.

In the current policy climate, imposition of green taxes analogous to carbon taxes in wealthy
countries seems a distant prospect. However, in protected industries, an identical effect can be
achieved by reducing existing protective tariffs. Tariff reduction, amove consistent with the overall
thrust of development policy in Thailand and most other industrializing economies, could also
benefit the economy by reducing the costs of achieving environmenta protection through
command-and-control mechanisms. Thisillustrates amore general point about the relative merits
of market-based versus regulatory instruments: al standard environmental policies generate a tax
interaction effect, but only some produce a partia offset through the revenue-recycling effect
(Fullerton; Parry, Williams and Goulder).

5. Conclusions

The new models of environmental taxation inject a healthy note of skepticism into discussions of
the benefits of environmental taxation. By locating environmental tax policiesin the genera
equilibrium context of government revenue constraints and the efficiency of raising taxesto fund
provision of public goods, the public finance approach to environmental taxes has forced a more
rigorous assessment of the prospects for a double dividend from green taxes. However, the
pessimism that emerges from analytical explorations of the carbon tax issue does not imply that
there will dways— or even typically— be atradeoff between increases in economic efficiency and
in environmental quality.

The case we have examined, of ageneral tax reform in astylized small open developing
economy, suggests productive paths for empirical analysis directed at evaluating the net economic
benefits of environmental taxes, and the environmental benefits from general tax reform in such
economies.

In the second-best world of an economy distorted both by taxes and environmental
externalities, there are few predictions about the economic effects of tax policy changes— their
magnitudes or even their signs— that can be made with certainty. However, continued uncertainty
about the net benefits of ‘ green taxes — and, importantly, the difficult political economy of their
adoption and implementation— suggests that the efforts of environmental economists may be better
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directed towards helping design overall tax reform packages that also work towards environmental
objectives rather than working backwards from environmental targets to tax reform packages. Of
course, environmenta quality gains achieved by these means will occur at the margin, meaning that
major reductions in growth rates of most forms of pollution will still require direct interventions,
polluter-pays instruments, and perhaps the establishment of markets for rights to pollute or to use
depletable resources. Nevertheless, it seemsthat adouble dividend isavery rea possibility with the
kinds of tax and trade policy reform currently becoming popular in developing countries, and
indeed that the magnitude of such dividend may be greater than predicted by models designed for
industrialized economies.
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Table 1: Protection, factor intensity and emissions data for Thai manufacturing industries

Import-
Weighted Average? competing Exporting  Non-Traded
(standard deviations in parentheses) (n=45) (n=29) (n=19)
Protection and factor intensity indicators
Domestic resource cost (DRC) 2.07 0.65 —
(0.131) (0.024)
Effective rate of protection (ERP) 139.39 -12.01 —
(12.359) (1.126)
Nominal rate of protection (NRP) 44.06 1.22 —
(2.685) (0.168)
Labor-intensity (labor cost as a 0.42 0.61 0.43
fraction of total cost) (0.015) (0.033) (0.033)
Emissions indicators (see Note):
AHTI score (linear index) 6.47 2.92 2.68
(0.201) (0.153) (0.220)
| PPS rank 33.20 36.34 55.04
(1.611) (1.806) (3.908)

Sources. Bank of Thalland and Hettige et al ..
& Calculated using within-group weights based on value of domestic production.

Note:

AHTI = Acute Human Toxicity Index, an aggregate emissions score developed for developing
countries by Hettige et al. The score is measured in risk-weighted pounds of Toxic Release
Inventory (TRI) emissions per $1,000 of shipment value (the TRI aggregates 322 chemicalsin an
index developed by the U.S. Environmental Protection Authority). The IPPS (Industrial Pollution
Projection System) rank is out of 74 industries (at 4-digit ISIC level) included in a data base by
Hettige et al. Higher AHTI scores and lower |PPS ranks indicate greater emissions. These
emissions measures are not based on Thai data due to unavailability; however, “the present version
...can be useful as aguide to probable pollution problems [in developing countries], even if exact
estimates are not possible” (Hettige et al., p.7).
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Table 2: Summary datafor top 10 industriesin IPPS rankings, by ERP

Imports (% of IPPS LAHTI
Sector consumption) NRP (%) ERP (%) L/K rank  score
Fertilizer, Pesticide & 87 19.9 206 048 1 105.3
Insecticide
Natural Chemical & 89 12.6 98 037 1 105.3
Fertilizer
Basic Chemicals 93 18.6 186 0.34 2 54.92
Tannery and Leather 27 25.9 1809 0.69 3 30.4
Finishing
Synthetic Resin 49 35.4 573 030 4 26.44
Pulp, Paper and Paperboard 47 20.9 214  0.16 5 21.83
Plastic Wares 41 38.9 476  0.57 6 17.31
Printing & publishing 9 n.d. nd. 0.42 8 14.93
Paper products 5 n.d. nd. 0.95 9 14.77
Non-ferrous Metal 73 14.4 116 056 10 13.23

"Sources. Asfor Table 2. Note: n.d.denotes no data available.
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Appendix: derivation of equation (4)
From (3), h= (G -tz )/E, whereE=¢ g,(ht) + eq.(h). So

dn :_—1?%2,“ +(G- tz)ﬂEo
dtls-e E’€ to

Since q,, = (1+t)(1+h) and g, = (1+h), TEAt = ¢ (1+h) = e,0,/(1+t). From (3) again, (G—tz,) =

hE; defining the ratio of imports (valued at producer prices) to total consumer expenditure as m=

p,Z/E, and the share of M in total consumer expendituresasa = ¢,0,/E, givesthe equation in the

text.
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