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RESUME

Les conséquences du commerce international sur I'environnement ont été
- examinées minutieusement et intensément au cours des derniéres années, en
particulier en raison de Pintérét accru pour le multilatéralisme, le régionalisme et
d’autres types d’échanges négociés. Le transfert des incidences, tant positives que
négatives, sur 'environnement est inhérent & la plupart des schémas commerciaux,
surfout ceux qui refietent une technologie hiérarchigue ou une stratification selon le
niveau de modernisation économique. Malgré les reéactions émotionnelles
fréquemment déclenchées par ces problémes, il est trés difficile de préciser si, et pour
qui, ces transferts sont bénéfiques ou néfastes. Dans ce document nous utilisons une
analyse d'équilibre général pour examiner les relations commerciales bien établies
entre deux économies différentes : celle du Japon et celle de I'lndonésie. Sur le plan
historique, il apparait que leurs échanges bilatéraux ont eu des effets
environnementaux asymétriques dans les deux pays, entrainant un transfert net des
colits environnementaux du premier pays vers le second. A partir de ce lien négatit
entre le commerce et l'environnement, nous eétudions une série de mesures
susceptibles d'atténuer l'intensité de la pollution de la production en indonésie. Nos
résultats montrent qu’il existe de nombreuses possibilités pour que les instruments
économiques parviennent & une réduction significative de cette pollution et & un cout
relativement bas en termes de PIB réel.

SUMMARY

The environmental implications of international trade have come under
intensified scrutiny in recent years, particularly with expanded interest in
muitilateralism, regionalism, and other negotiated trade regimes. The transfer of
environmental effects, both positive and negative, is embodied in most trade patterns,
particularly those which reflect technological hierarchy or other stratification by degree
of economic modernization. Despite the emotional reaction these issues often arouse,
the question of whether and to whom these transfers are beneficial or detrimental is
a very complex one. In this paper, we use applied general equilibrium analysis to
examine a well-established trade relationship between two diverse economies, Japan
and Indonesia. Historically, it appears that their bilatera! trade has conferred
asymmetric environmental effects on the two countries, effecting a net transfer of
some environmental costs from the former to the latter. In the light of this negative
link between trade and the environment, we examine a variety of policies to mitigate
the pollution intensity of indonesian production. Our results indicate that there is
ample scope for economic instruments to achieve significant pollution abatement at
relatively low cost in terms of real GDP.



PREFACE

This Technical Paper, part of the research programme on "Sustainable
Development: Environment, Resource Use, Technology, and Trade," analyses the
links between intemational trade and the environment in indonesia.

indonesia is the largest and most populous country in the rapidly developing
Southeast Asian region. Indonesia's growth strategy has relied upon export
expansion, beginning in primary sectors such as petroleum and forest products and
more recently diversifying across an expanding industrial base. These two trends
have three things in common: they are essentially trade driven; they have significant
environmental implications; and they are both essential to sustainability of rising
Indonesian living standards. Thus policy makers in indonesia, and in other trade-
oriented developing countries, can benefit from a better understanding of the links
between trade and the environment.

The authors of this study review the historical evidence on Indonesian trade
with the rest of the world and with one of its leading expon markets, Japan. Using
detailed data on trade and effluent emissions, they conclude that Indonesian
exports have occasioned significant and detrimental environmental effects. In the
absence of more focused policies to oftset this trend, it is apparent that more
outward orientation would be harmful to the Indonesian environment. The authors
then use a general equilbrium simulation model to evaluate alternative economic
instruments for achieving pollution abatement, and here the results are more
positive. Even though a tradeoff between growth and abatement exists, there
appears to be ample scope for individua! and combined tax instruments to achieve
significant pollution abatement. With more extensive empirical work of this kingd, it is
hoped that developing countries can take better advantage of external markets as
an agent of growth without adverse environmental effects, thus conferring upon their
people a better material and qualitative standard of living.

Jean Bonvin
President, Development Centre
December, 1993



. INTRODUCTION

The environmental implications of international trade are becoming an
important part of multilateral and domestic policy agendas. This is particularly the
case for trade relations betweern developing and developed countrigs. For several
years, an occasionally acrimonious debate has been carried on between two
groups. On one hand, there are those who feel developing countries should reduce
domestic environmental costs for their own welfare and that of the world as a whole.
On the other, there is an argument that these countries have the right to pursue the
same material aspirations, by the same means, as did the industrialized world
during its developmental stages, regardless of the short-term costs or externalities
this may entail. Both sides have conviction as well as svidence to sustain their
arguments. Most data on effluents per unit of domestic output indicate a negative
correlation with per capita income. By contrast, effluents per capita appear to be
positively correlated with per capita income because of the energy use embodied in
rising domestic consumption.! In this paper, we take a different approach to the
issue of environmental costs and benefits, one which is grounded explicitly in trade
relations. '

If it is accepted that differing domestic practices yield different environmental
effects, how might trade exert its own environmental influence? It is increasingly
recognized that the import of goods and services entails an implicit transfer of
environmental effects to the exporting country. Given the hierarchical nature of
technology in the development process, one might infer that less developed
countries would be net losers in the environmental transfer scheme which underlies
trade. In the next section, we present some evidence on the embodied pollution
service trade between two large trading partners at very different stages in the
development process, Indonesia and Japan. The data indicate that bilateral trade
between them has occasioned a large and sustained net transfer of effiuents over
the last 25 years. The implied unit effluent content of Indonesian exports to Japan
in some years is nearly eight times that of its imports from Japan.

In section 3, we present a two-country calibrated general equilibrium (CGE)
model based on a detailed social accounting matrix (SAM) for the two countries.
This model is then used in section 4 to evaluate the effects of alternative policies
upon the environment and on other aspects of welfare. Our basic findings indicate
that, in the absence of technical substitution and innovation, more liberalized trade
will lead to rising living standards and increased pollution levels, whiie the intensity
of pollution varies with the composition of output growth. Moreover, we find that
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while trade policy can decisively influence domestic environmental conditions, it is
an inappropriate instrument for improving the environment and living standards
simultansously. Trade liberalization can increase economy wide efficiency and
raise living standards, but more specific instruments should be used for pollution
abalement. The paper closes with general conclusions and some remarks about
how this work might fruitfully be extended.

II. INTERNATIONAL TRADE AND PATTERNS OF EFFLUENT TRANSFER

This section presents some historical evidence on how international trade
influences the transfer of environmental effects. We introduce the concept of
embodied effluent trade (EET) to capture the idea that traded commodities embody
an environmental service: the amount of pollution emitted domestically when goods
are produced for export. For example, if countries impose different costs on
pollution, the ability to pollute might become a source of comparative advantage. In
such a case, one would expect to see a pattern of relatively high EET in exports
from countries with low environmental standards and relatively low EET in their
imports, while the opposite would prevail in countries with higher environmental
standards.

The evidence we have obtained for Indonesia and Japan shows a significant
degree of EET imbalance between the two countries. The data indicate that
Indonesia's net embodied effluents per unit exported to Japan are over six times the
reverse flow and 29 per cent higher than for its exports to the rest of the world. For
Japan's part, imports from Indonesia have about twice the embodied effluent
content per unit of its imports from elsewhere. This trend has remained relatively
stable over the last 25 years, and the result is a sustained and significant transfer of
environmental costs between the two countries.

‘Before reviewing the detailed results, a few definitions are required to clarify
interpretation. To measure the effluent levels embodied in tradeable commodities,
we began with estimates of unit effluents in domestic production. To measure
domestic effluent intensity in production, we used data from the World Bank
described in more detail in the next section. The figures in table 2.1 represent an
effiuent index, termed Linear Acute Human Health and Terrestrial Ecotoxicity
(abbreviated hereafter as AHTL), aggregated from four digit ISIC emission rates.2
The index of sectoral effluent output is defined as
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Eidi

where g denotes the sectoral AHTL emission rate per unit of output in US
manufacturing and g;j denotes sector i's share in total domestic output.® If these
indices are multiplied by 1985 US sectoral output shares, they sum to unity. For any
other country, such a sum measures the effluent potential of domestic output in
units relative to the United States. Thus in 1985, for example, Japanese output

shares give a value of E= Zei = 0.86, indicating that, under the same technologies,

the effiuent intensity of Japanese domestic production would be 14 per cent below
that of the United States by this index. The comparable figure for Indonesia is
2.454

The index E then serves as an index of aggregate effluent levels for a given
composition of domestic production. If {holding technology constant) the structure
of the economy shifts toward relatively cleaner activities, such as services, this
index will decline. 1t is unaffected by the absolute level of output, but simply allows
comparison across countries of one representative unit of domestic product. This
measure can also be used to evaluate the implicit effluent content of trade, and this
is the intent of the present discussion. The index

= Zmiei

measures the embodied effluent content of imports, where m; = M; /X Mj are the
sectoral import shares {by origin}. If this value exceeds unity, then the composition
of the country's existing imports represents (in their production} a higher level of
pollution per unit than representative output in the United States. Values less than
unity mean that the country's overall imports are "sleaner* than overall US domestic
output. An index for effluents embodied in exports is defined analogously as

E, = Zx,-e,- .

The indices Ep; and Ex thus measure the embodied effluent trade (EET) for a
given composition of imports and exports per unit of trade. Epy and Ey for
Indonesia-Japan bilateral trade and their trade with the rest of the world are
presented in Table 2.1. These estimates were constructed at five-year intervals,
beginning in 1965, with detailed trade data from the United Nation's COMTRADE
tables. The index of net exports of EET, or the difference Ex - Ep, is also given in

the table.5
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Table 2.1: Trends in Embodied Effluent Trade

Indonesia 1965 1970 1975 1980 1985 1990 Ave
Exports to

Japan 1180 1175 1566 1336 1153 1064 1247

Rest of World 7.28 649 1414 1220 1059 7.23 9.66
Imports from |

Japan 2.13 2.00 1.99 1.79 217 1.72 1.96

Rest of World 229 273 2.79 4.44 4.16 334 3.29
Effluent Trade Ratio (Exp/imp)

Japan 5.60 5.87 7.88 747 5.31 6.20 6.39

Rest of Worid 3.18 238 5.06 275 2.64 217 3.01

Japan
Exports to
Indonesia 2.08 233 2.07 1.80 1.80 1.62 1.85
Rest of World 1.75 1.62 1.69 1.60 1.52 1.54 1.62
Imports from
Indonesia 10.74 11156 1502 13.50 12.01 10.19 12.10
Rest of World 4.09 3.87 7.63 8.86 7.39 4.78 6.10
Effiuent Trade Ratio (Exp/imp)
Japan 19 21 4 13 5 16 0.16
Rest of World 43 42 22 18 21 32 030

It is quite apparent from these results that the effluent composition of trade
varies from that of domestic output for both countries, but that this disparity is much
greater for Indonesia. Indonesia's export industries appear to be generating three
to four times as much effluent as overall domestic output, while Japanese exports
are about twice the effluent intensity of domestic product as a whole. One reason
for this is the omission of agriculture and services in the effluent database. Althotigh
this omission would be unlikely to bias the trade comparisons between the two
countries (the two sectors are insignificant in bilateral trade), they do understate the
poliution content of production for the domestic market.

The most arresting feature of Table 2.1, however, is the imbalance in direct
EET between the two trading partners. This can be seen more clearly in two
extreme graphs of Figure 2.1 below. Over the last two and a half decades,
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Indonesia's production for export to Japan has been about six times more effluent
intensive than Japanese exports to indonesia. In a long term situation of relatively
balanced bilateral trade, this implies a sustained and significant transfer of
environmental costs from Japan to Indonesia. Although the trend in recent years
has reduced this disparity, it is still quite significant.

Figure 2.1: Trends in Embodied Effluent Trade
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Indonesian Exports to Japan
indoneslan Exports to ROW
Japanese Imports from ROW

Indonesian Imports irom ROW
Japanese Exports to ROW
Japanese Exports to Indonesia

These results are even more striking when compared to each country's trade
with the rest of the world. Indonesia's imports from Japan are about half as effluent
intensive as what it buys from other countries and its exports to Japan are about 30
per cent as effluent intensive as other countries' exports to Japan. Trade between
countries at different stages of modernization has long exhibited hierarchical
properties which are correlated with technology levels and environmental effects,

Identification of this problem is only the first step, however, since it has
implications for sustainable living standards in both countries. It is often argued that
environmental damage at the early stages of industrialization is a transitory
phenomenon, and cleaner technologies and resource conservation are inevitably
concurrent with rising living standards, The evidence presented here may support a
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shifting correlation between the level of development and better environmental
conditions, but it does nothing to establish a causality in either direction.

Possible explanations of these trends fall into three general categories:
institutions, technology, and economic structure. in each of these general respects,
the two countries have important differences which might contribute to an
explanation of the effluent asymmetry in their trade patterns. The first category,
institutions, includes all those influences of private and public rules and behavior,
including differences in economic and environmental regulation and enforcement
and behavior patterns which expioit them. Examples of this might be protection or
taxation patterns which promote domestic or foreign pollution, differing levels of
domestic environmental stringency, and private or public sector behavior which
might facilitate the creation of pollution havens. Based on the specific evidence for
Indonesia and Japan, as well as the general verdict of economic literature on this
subject, we reject institutional factors as decisive in explaining these historical
trends. Despite all the public attention and controversy surrounding the pollution
haven issue, there is very little evidence to indicate that trade patterns between
these two countries can be substantively explained by this phenomenon.®

Certainly, there are significant technological disparities between the two
countries in a variety of industrial activities, and these might well be expected to
reinforce the observed ineguality of pollution levels. Rowever, Indonesian-Japanese
technology differences have no bearing on the present resuits, since they were
obtained by applying the same (US) effluent coefficients to both countries. Although
country-specific data would probably yield even larger asymmetries, the present
ones are quite sufficient to justify closer inspection.

Can economic structure alone explain Indonesia's higher pollution intensities
in production, both for domestic and foreign consumption? As will be apparent in a
review of the data for the CGE model below, there are indeed significant differences
in sectoral and trade structure between the two countries. Moreover, when these
differences are compared to sectoral data on effluent intensity, it becomes apparent
that, other things' (institutions, technologies, etc.) being equal, the composition of
Indonesia's current economic activity is much more pollution intensive than that of
Japan (its' export composition even more so}. In the next section, a simulation
model is developed to examine this structural problem and policies which can
mitigate it more closely.
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{il. A TWO-COUNTRY CGE MODEL FOR INDONESIA AND JAPAN

The two-country calibrated general equilibrium (CGE) model described here
is in most respects typical of comparative static, multi-sectoral, economy wide
models in use today. Generally speaking, all these models simulate price-directed
resource allocation in commodity and factor markets. They maintain detailed
information on sectoral prices, output, trade, consumption, and factor use in a
consistent framework which also accounts for aggregates such as household
income, government budget, and employment. The present model (the analytics of
which are summarized in Annex 1) differs from the mainstream ot CGE
specifications in two important ways. First, it is a detailed two-country model, so
domestic supply, demand, and bilateral trade for the Indonesia and Japan are fully
endogenous at a nineteen-sector level of aggregation. Trade between the two
countries is thus endogenous, while their individual trade flows with the rest of the
world (ROW) are each governed by the small country assumption.”? The resulting
six sets of sectoral trade flows are then governed by two endogenous price systems
(Indonesia-Japan imports and exports), and four exogenous price systems
(Indonesia-ROW and Japan-ROW imports and exports).

The extent of price adjustments, as well as the volume and pattern of trade
creation and trade diversion, are important factors in determining the uitimate
welfare effects of regional trade policy. A second important feature of the model is
its differentiated product specification of the demand and supply for tradeable
commodities. Domestic demand is constituted by goods which are differentiated by
origin (domestic goods, imports from the bilatera! trading partner, and imports from
ROW) and domestic production is supplied to differentiated destinations (domestic
market, exports to the trading partner, and exports to ROW). Similar devices
appear elsewhere in the CGE literature, the present model uses a constant elasticity
of substitution (CES) specification for demand and a constant elasticity of
transformation (CET) for supply.

The Indonesia-Japan CGE model was calibrated to a 1985 social accounting
matric (SAM) constructed by the authors for this purpose. The principal data source
used to estimate the SAM was a 128 sector input-output table estimated by the
Institute of Developing Economies in Tokyo.® Structural parameters of the model
were obtained by calibration, direct estimation, or imputation from other sources.
Calibrated values were obtainable for most share parameters, input-output
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coefficients, nominal ad valorem taxes, and tariffs from the SAM itself. Employment
and capital stock data were obtained from official publications of both countries.

The data in Table 3.1 reveal significant structural differences between the two
economies. These differences are quite typical of their respective stages of
development and arise from three distinct but interdependent sources: endowments,
demand, and degree of industrialization. A highly aggregated service sector
accounts for a large proportion of total output, but Japan's share is about 10
percentage points higher than indonesia's. Among the remaining 18 sectors, the
composition of output is considerably more diversified for Japan, which has higher
levels of technology and income and is thus less endowment-driven than Indonesia.

The role of demand can be seen in column 2, where lower Indonesian
incomes lead to narrower emphasis on subsistence and tertiary goods and services.
External demand (column 3) also plays a significant role for Indonesia, and this
reinforces the endowment-driven focus on primary products (especially petroleum).
Japan's demand for imports is negatively endowment-driven, and thus the two
countries settle into a finely delineated relationship of comparative advantage
(columns 7 and 9), with Japan's supplying a significant portion of Indonesia's
advanced manufactures in exchange for Indonesian primary products.
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Table 3.1: Economic Structure of Indonesia and Japan@
(all figures in per cent)

MH @ ©® @ & © O (© 9 (10 (1)
indonesia S shr D shr X shr M shr X/S  M/D XX Xix mbm MM tm

1 AgForF oog 228 95 53 57 24 1563 847 03 997 8.8
2 Petro 5.8 83 642 87 551 111 626 374 03 997 52
3 Mining 08 08 1.0 14 174 182 801 99 9.1 909 4.8
4 FoodProc 54 53 12 11 382 21 70 930 95 905 20.2
5 Textile 19 17 25 10 176 58 20 98.0 403 597 35.3
6 LumWood 14 08 44 00 438 02 152 848 1598 841 8.8
7 PulpPapr 053 04 01 17 47 410 38 962 9.1 908 320
8 IndChem 01 07 02 6.4 470 9.5 100 90.0 257 743 128
9 OthChem 15 22 08 74 7.6 355 31 969 197 803 123
10 Plastic 04 04 01 03 28 75 0.6 994 478 522 275
41 NonMiMnr 09 1.0 01 14 15 138 28 972 62.9 37.1 28.7
12 Steel 05 09 01 38 4.1 465 452 548 633 367 9.0
13 Nonifmtl 05 03 26 1.6 704 514 604 39.6 133 867 10.1
14 MetalPr 06 1.2 00 50 04 441 1.0 99.0 39.6 604 24.0

15 MchPrcls 06 27 02 193 382 762 1.1 989 209 701 266
16 ElecMch 04 08 04 36 114 485 0.1 999 31.3 687 308
17 TmspEq 11 24 02 118 29 528 01 999 228 772 258
18 OtherMig 09 10 02 07 26 7.9 344 656 391 609 340
19 Service 443 482 121 196 37 45 162 838 74 926 50
Tota/Wgt Avg 100.0 100.0 100.0 1 00.0 13.6 10.6 47.1 52.9 20.8 792 16.2

Japan

1 AgForF 14 53 03 139 05 156 03 997 55 945 438
2 Petro 19 40 07 349 26 525 0.2 998 206 794 47
3 Mining 06 1.0 01 74 15 411 59 941 24 976 0.0
4 FoodProc 38 40 05 23 09 35 10 99.0 25 975 16.2
5 Textile 20 21 23 29 82 84 09 9.1 1.5 985 6.8
6 LumWood 06 06 00 11 06 105 03 997 84 90.6 1.5
7 PuipPapr 13 13 05 08 27 43 1.6 984 0.1 999 2.7
8 IndChem 12 13 15 21 86 99 65 935 03 997 3.3
9 OthChem 2o 22 31 25 100 69 27 973 06 994 3.4
10 Plastic 12 12 06 04 34 19 15 985 0.2 99.8 2.9
11 NonMtMnr 13 13 12 05 65 24 47 8.3 01 998 2.7
12 Steel 41 38 65 12 112 18 23 977 09 9941 1.9
13 NonfMti 08 10 07 50 70 292 15 985 5.0 950 23

14 MetalPr 20 19 22 04 B8O 1.3 56 944 01 999 3.5
15 MchPrcis 66 55 194 45 213 49 17 983 01 999 2.8
16 ElecMch 41 31 152 15 269 29 04 996 0.0100.0 2.9
17 TrnspEqg 51 35 243 24 343 35 07 933 001000 4.2
18 OtherMfg og 28 29 22 71 46 06 994 24 976 4.6
19 Service 538 541 181 144 24 16 05 995 46 054 0.0
Totay/Wgt Avg 100.0 100.0 100.0 100.0 72 60 12 988 93 807 37

@ (1) Gross output shares, (2) composite demand shares, (3} export shares, {4) import shares, (5)
ratios of exports to gross outpit, (6) ratios of imports to total demand, (7) ratios of bilateral exports to
total exports, (8} ratios of ROW exports to total exports, (9) ratios of bilateral imporis to total imports,
(10) ratios of ROW imports to total imports, and (11) nominal tariff rates.
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The weighted averages at the bottom of each subtable give general
indications about the orientation of each economy. For example, Indonesia's
exports {column 3) are 13.6 per cent of its gross output, making it almost twice as
export-dependent as Japan.® Indonesia is also more import-dependent (column 4)
than Japan, although the difference here is smaller. The bilateral relationship is
also much more important to Indonesia than to Japan, accounting for 47.1 per cent
of its exports and 20.8 per cent of its imports on average, while the corresponding
Japanese figures are 1.2 and 9.3 per cent, respectively. Finally, Indonesia has
higher levels of average nominal tariff protection than Japan (16.2 versus 3.7 per
cent). This, coupled with the greater trade dependence, indicates that indonesia
has greater potential for efficiency gains and structural change from trade
liberalization.

Each sector in the model has effluent coefficients, linear in output, for a
variety of pollutants. We have used the database for the Industrial Poliution
Projection System of the World Bank to calibrate sectoral effluent coefticients.'
This database provides emission rates, as a proportion of base-year output value,
for seven air pollutants, two water pollutants, and two toxic pollutants at a four-digit
SIC level of sectoral detail. The data are then mapped to four-digit output share
data for Indonesia and Japan to obtain weighted emission coefficients for the 19
sectors of the model. The resuits of this conversion are presented in Table 3.2.

Eight of the 19 sectors could be roughly classified as pollution intensive,
namely petroleum, mining, lumber and wood, pulp and paper, industrial chemicals,
non-metallic minerals (consisting of cement and stone products), steel, and
nonferrous metals.!! For example, petroleum has high effluent intensities for
suspended particulates (SUSP), 8O,, NO,, and LEAD, while mining and nonferrous
metals have high pollution coefficients on SUSP, SO,, carbon monoxide (CO), the
two water pollutants (BOD, SS8), and the two toxic pollutants (TOX, METAL).
indonesia‘'s heavy export dependence on petroleum is the most significant factor
explaining the high effluent content of its exports, but relatively high export shares of
lumber and wood and nonferrous metals also contributed ¢ high EET in exports.
By contrast, except for steel, Japan's exports are concentrated in sectors with low
pollution intensities, resulting in low effluents embodied in its exports.
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Table 3.2: Sectoral Effluent Intensities

indonesia

SUSP S02 NO2 FINP LEAD VOC CO BOD S8§5 TOX  METAL
1 AgForF 00 00 00 .000 00005 00 00 00 .00 0 0
2 Patro 11.83 3589 7.65 071 01445 3.54 1.43 2.89 3.49 2544 130
3 Mining 9.24 4435 365 049 00085 453 4357 4934 71056 8921 6150
4 FoodProc 1.18 1.40 405 372 .00005 .82 112 4558 11.79 647 6
& Taxtile B9 623 1083 224 00005 2.65 205 A2 19 3284 145
6 LumWood 9.15 3.14 683 .108 00005 925 11.76 00 00 4523 36
7 PulpPapr 208 2049 1193 077 .00165 629 17.02 5979 24108 6845 33
8 IndChem 1.34 9.01 871 040 00015 916 1234 5684 127.38 29610 180
9 OthChem 1.10 1242 594 .088 .00025 5,68 7.28 1536 438 3739 35
10 Plastic 31 3.00 89 043 00005 997 26 Lo} 03 7483 197
11 NonMtMnrl 1038 1522 1681 5336 .00065 1.18 3.05 00 00 3392 B28
12 Steal 3.55 974 440 571 01355 231 3366 A0 7494 7643 4100
13 NonfMt 9.07 4490 339 048 .00005 459 4630 5235 75640 9334 6540
14 MatalPr 56 37 180 000 .00055 933 21 3.30 7075 4593 659
15 MchPrcls 1.49 81 61 000 .00045 1.82 22 00 00 1562 248
16 ElecMch 11 38 22 M2 00035 4.50 .26 o) | 10 1805 314
17 TmspEq 33 20 A3 515 00005 1.87 05 01 04 1112 52
18 Otheriig 57 48 A5 448 00005 9.08 07 00 00 2707 597
19 Service A5 .13 04 120 00005 2.44 .02 00 .00 726 160

Japan :

1 AgForF 00 00 0H0 000 00005 .00 00 00 .00 0 0
2 Petro 11.83 3589 7.65 071 .01445 3.54 143 2.89 349 2544 130
3 Mining 2533 121.56 009 135 .00245 12.41 11943 13525 1947.70 24453 16857
4 FoodProc 1.57 1.86 539 485 00015 1.09 148 6059 1567 B60 8
& Textile B84 588 1023 .212 .00005 2.50 1.94 11 18 3103 137
6 LumWood| 15.30 524 1141 .181 00005 1546 19.65 00 00 7562 60
7 PuipFapr 64 6.37 258 M7 00035 1.36 368 1291 52068 1478 7
8 IndChem .66 443 429 024 00005 4.51 6.07 2797 6268 14719 B9
g OthChem 1.71 1882 922 137 00035 883 11.30 2386 6.79 5807 55
10 Plastic 11 1.06 31 015 00005 3.52 09 .00 .01 2845 69
11 NonMtMnd 7.20 1055 1165 3.689 .00045 82 2.11 .00 00 2351 574
12 Stesl 355 974 440 571 01355 231 3366 10 7494 7643 4100
13 NonfMt! g.07 4480 339 048 .00005 450 4630 5235 75640 9334 6540
14 MetalPr 56 37 1.80 000 00055 9.33 21 330 7075 4593 659
15 MchPreis 20 A1 08 .000 00015 24 03 .00 00 2086 33
16 ElecMch 01 05 03 001 00005 57 03 00 01 229 40
17 TmspEq 08 05 03 123 00005 A5 o1 00 01 266 13
18 OtherMfy 57 A48 A5 448 00005 9.08 07 .00 .00 2707 597
19 Service 13 a1 03 089 .00005 2.00 02 o0 .00 586 131

Source: Wheeler (1991a)
Alr Pollutants

Water Poliutants

SUSP: Suspendad Particulates (ibs/year/$1,000)
S02: Sulphur Dioxide (Ibs/year/$1,000)
NO2: Nitrogen Dioxide (ibsfyear/$1,000)

£INP: Fine Particulates (PM10) (Ibs/year/$1,000)

LEAD: Lead (bs/year/$1,000)
VOC: Volatile Organic Compounds (Ibs/year/$1,000) METAL Bioaccumulative Metals (Ibs/ear/$1,000,000
CO:; Carbon Monoxide (lbs/year/$1,000)

BOD: Biochemica! Oxygen Demand {(Ibs/day/$1,000,(
SS: Suspended Solids{lbs/day/$1 ,000,000)

Toxic Poliutants / All Madia

2!

TOX Totat Toxic Release (Ibs/year/’$1,000,000)



The matrix of effluent coefficients by sector and type of pollutant forms the
basis for calculating environmental effects resulting from policy changes, such as
tariff liberalization and effluent taxes. A limitation of this approach at the momeni is
that there is no scope for technical substitution within sectors, and thus emissions
are proportional to output regardless of relative prices and differential effluent taxes.
The main advantage of this approach over previous modeling with these coefficients
is the general equilibrium nature of the simulations, which allows for changing
composition of domestic output, a very large medium-term source of pollution
mitigation.12
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IV. TRADE AND DOMESTIC POLLUTIONIN INDONESIA

It was apparent from the evidence discussed in section 2 that Indonesia may
be realizing its export potential at a disadvantage in terms of the environmental
costs it absorbs vis-a-vis frading partners. In this section, the two-country CGE
model is used to assess the linkages between trade, tariff and domestic tax policy,
and the environment. We consider two generai policy approaches to reducing or
offsetting environmental costs. Both approaches seek to alter the composition of
domestic production with economic instruments, the first via trade policy and tariffs,
the second using taxes on effluents.’

The first two policy experiments, reported in Tables 4.1-4.4 below, simulated
Indonesian trade liberalization by removal of nominal tariffs on all imports. in the
first experiment, liberalization is assumed to be undertaken in concert with a fixed
exchange rate regime, the current account balance being endogenously
determined.™ In experiment 2, the exchange rate was assumed to be flexible and
the current account balance fixed. Aggregate results in both cases (Table 4.1)
confirm neoclassical reasoning that the removal of trade distortions enhances the
overall economic efficiency, but the real welfare gains and tirade adjustments
depend upon the exchange rate closure. In an actual adjustment process, one
might expect to see a combination of the two effects, but in the long run the flexible
exchange rate regime is more plausible.

In both experiments, Indonesian liberalization has a negligible aggregate
effect on the Japanese economy, with most measures of output and income
changing by a small fraction of one per cent. From an Indonesian perspective, the
change is more substantial. Tariff removal leads to an increase in economy wide
real output by 0.55-1.08 per cent, and employment by 2.0-2.5 per cent. Labor and
capital income both increase, but capital income gains less under the fixed
exchange rate regime because export industries are more capital intensive and the
total exports contract in this simulation. Import and export statistics vary between
the exchange rate regimes in a predictable way, while exports remain static under
fixed rates and becoming more internationally competitive when the exchange rate
can depreciate (5.52 per cent) in response to tariff removal. Even when the
exchange rate is fixed and the economy can absorb imports without an external
budget constraint, however, the balance of payments deficit only reaches 2.2 per
cent of GDP.*
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Table 4.1: Aggregate Results of Indonesian Tariff Liberalization
{per cent changes)

Indonesia Exp 1 Exp2

Real GDP 55 1.08
Employment 205 2.49
Labor Income 2.20 2.66
Capital Income  1.10 3.47
EV Income 3.05 .68
imports 12.98 7.58
Exports -.78 7.20
Bopa 220

552

Experiment 1: Indonesian taritf removal with fixed exchange rate.
Experiment 2: Indonesian tariff removal with flexible exchange rate.

Japan Exp 1 Exp2
Real GDP 0003 G
Employment 0 Q02
Labor Income .01 .00
Capital Income 01 .05
EV Income .0003 .05
imports -.01 18
Exports 15 -08
Bopa 0

Exch Hate ~10

4 The balance of payments increases as a percentage of GDP.
A deficit for Indonesia and a surplus for Japan.

A final aggregate statistic which deserves mention is equivalent variation (EV)
income, which measures the change in real domestic income, adjusted for
consumer purchasing power. In the case of fixed exchange rates, this figure
indicates that Indonesian consumers experience a 3.05 per cent appreciation in
their purchasing power trom the tariff removal, largely through the increase in
foreign borrowing. This income would of course translate into substantially higher
long-run effects as it passes through the expenditure and savings-investment
cycles. On the other hand, purchasing power rises by only 0.88 per cent under a
flexible rate. The reason for this difference is that the fixed rate, coupled with import
price cuts from tariff removal, keeps purchasing power artificially high. This result
demonstrates why exchange rate overvaluation can be tempting to governments,
but the long-term implications of this type of policy have been generally very
negative. 18

As is usual with trade policy, relatively small aggregate adjustments can
mask dramatic shifts in the composition of sectoral trade and output. Table 4.2
gives a more detailed picture of the consequences of experiment 2, Indonesian tariff
removal under flexible exchange rates. Although the data on Indonesian tariffs
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(Table 3.1) do not diferentiate between Japan and the rest of the world, the import
adjustments vary significantly for two reasons. First, the initial trade flows from the
two sources were quite different (Table 3.1, columns 9 and 10), leading to different
proportional adjustments to domestic demand changes. Secondly, we assume
Indonesia is a small country with respect to ROW, so it imports from this source at
fixed prices while terms of trade with respect to Japan are endogenous. Thus,
Japanese exporters benefit less in relative terms from Indonesian liberalization than
do Indonesia's other trading partners taken as a group. A similar effect can be
detected in the composition of Indonesian exports, but the exchange rate
depreciation is large enough to offset most terms of trade effects.

Domestic structural adjustments in Indonesia are driven by a combination of
import penetration and export expansion. These two effects generally promote
expansion of primary and basic industries such as petroleum and mining, lumber,
chemicals, and nonferrous metals, with moderate contractions elsewhere. Many
sectors with the largest percentage output adjustments are actually quite small in
the economy (Table 3.1, column 1), but petroleum accounts for 16 per cent of real
domestic output and its expansion may have serious implications for the Indonesian
environment as will be seen below. Given the assumption of fixed wages and labor
surplus for Indonesia, the adjustment to tariff remova! entails a substitution of labor
for capital across most sectors. Results for Japan are again small, except for the
bilateral trade adjustments discussed in the previous paragraph. Generally
speaking, there is some shift of resources toward Japanese export sectors and a
slight diversion of import demand in response to the depreciation of the Indonesian
currency.
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Table 4.2: Sectoral Resulis for iIndonesian Tariff Liberalization (Experiment 2}

(all figures are percentage changes)

Supply imports Labor Capital

n BQW  Japan AOW Demapd Demand

1 AgForF -0.42 -0.87 3.39 7.63 8.31 242 -1.20
2 Petro 532 3.10 6.04 B.B8 047 B.99 5.14
3 Mining 2.75 2.24 495 6.98 028 1.29 4.67 0.98
4 FoodProc -0.85 -0.65 1.63 270 583 14.79 230 -1.31
5 Texila 1.79 0.97 5.57 9.51 39.21 412 0.45
& LumWood 5.38 0.66 7.46 12.02 8.15 4.33
7 PulpPapr -16.72 1712 -9.57 408 1478 -i45 -17.52
& IndChem 5259 3494 64.44 0.70 2.26 5432  48.87
9 OthChem -1.48 -1.80 2.35 1.83 6.67 1.55 -2.03
10 Plastic -0.32 -0.44 3.63 7.87 30.82 259 -1.03
11 NonMtMnr -2.81 -2.85 -0.51 647 3773 -0.31 -3.83
12 Steel -4.20 -4.30 -1.55 -1.91 0.56 3.62 -0.90 -4.40
13 NonfMti 12.11 652 1309 16.36 -1.31 -5.60 14.84 10.78
14 MetalPr -8.76 -8.76 387 1638 -6.50 -9.80
15 MchPrcls 10.76 9.99 2556 4.00 14.26 13.67 9.65
16 ElecMch -1.91 -3.156 598 553 18.73 0.66 -2.90
17 TrspEq -2.24 -2.69 10.03 596 17.33 0.05 -3.48
18 Ctheriig -0.54 -0.64 244 3.30 955 4038 1.60 -1.98
19 Service 0.31 Q12 268 570 -0.12 014 226 -1.35
Supply Imports Labor Capital

Japan Totat Dome ] ? angd Demana
1 AgForF -0.22 -0.02 -0.21 3.39 0.13 -0.03 -0.02
2 Petro -0.09 -0.23 0.02 6.04 -0.87 -0.23 -0.22
3 Mining 0.03 -0.09 0.28 -0.11 495 -0.03 -0.09 -0.08
4 FoodProc 0.03 0.03 5.83 -0.04 1.63 0.13 0.03 0.04
5 Textile -0.08 0.03 9.51 -0.02 0.15 0.03 0.04
6 LumWood 1.00E-03 -0.08 -0.20 7.46 0.13 -0.08 -0.06
7 PulpPapr 0.03 8.02E-04 408 -0.06 0.14-3.91£-03 0.02
8 IndChem 0.01 0.02 070 0.05 -0.05 0.02 0.03
9 OthChem -9.19E-03 0.01 1.93 -0.03 0.106.51E-03 0.02
10 Plastic 0.04 -0.01 7.87 -0.06 g12 -0.01-5.01E-04
17 NonMiMnr -0.03 0.02 6.47 0.01 0.04 0.04 0.04
12 Steel -0.28 -0.03 0.56 -0.07 -1.65 0.19 -0.04 -0.02
13 NonfiMt! 0.03 -0.28 -1.31 -0.30 13.08 -0.17 -0.28 -0.27
14 MetalPr 0.01 0.02 3.87 -0.02 0.14 0.03 0.04
15 MchPrcls -0.03 0.0 400 -0.05 0.17 9.72€-03 0.02
16 ElecMch -0.16 -0.01 5.53 -0.11 018 -0.04 -0.02
17TmspEq 4.77E-03 -0.12 596 -0.29 0.18 -0.186 -0.15
18 CtherMig 0.01 4.43E-03 9.55 -0.05 2.44 0.16 1.27E-03 0.01
19 Service 0.3 Q.02 012 -010 2.68 Q.12 0.01 0.02
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It is apparent from these results that Indonesian trade policy, and tariff
removal in particular, can induce significant changes in the composition of domestic
production, which can in turn be expected to influence the level and composition of
domestic effluent emissions. Tables 4.3 and 4.4 provide percentage changes in
pollution emissions and pollution intensities (emissions per unit of output) resulting
from Indonesian liberalization. In addition to the effluents listed in Table 3.2, an
index developed by Wheeler (1992) is also included. The AHTL index, defined in
Section 2 above, is an average of many effluents with weights representing their
human health risk.

Table 4.3: Emission Levels by Destination of Supply@

{percentage changes)
Experiment 1 Experiment 2

Indonesia  Domestic Japan ROW Total Domestic Japan ROW Total
SUSP 145 -1.72 -193 -162 191 623 934 454
S02 206 -174 -223 -1.99 189 633 0918 4563
NO2 123 172 -91 -1.28 h6 615 899 311
FINP -19 -1.48 33 -.20 -i08 683 652 -50
LEAD 218 -179 -258 -2.13 254 602 884 495
VOC 26 -1.54 A0 10 07 626 947 162
cO 267 -1.30 57 -1.97 -03 864 1234 323
80D -28 143 295 -.14 -.61 814 1178 1.05
8S -3.55 -1.22 d1 -2.81 b8 993 15566 436
TOX -43 -158 313 -14 30 673 1227 21N
METAL -1.03 -1.32 -92 -1.08 B33 898 1196 246
AHTL -67 167 188 -47 80 639 1150 348

Domestic_Indon ROW _ Tolal
SUSP 03 407 05 .03 -09 247 -07 -.09
S02 04 320 04 04 -10 163 -08 -10
NO2 02 4582 03 02 -03 3.08 -04 =02
FINP 01 646 08 .02 01 4N -.09 .
LEAD 06 210 .07 07 -10 77 -06 -.09
VoG .00 432 .03 i -1 284 -07 -0
CcoO 05 213 07 .05 -07 74 -09 .07
BOD 00 239 .01 .00 -02 126 -07  -02
S8 04 230 .06 .05 =11 .79 -15 -1
TOX 02 276 05 .03 -03 1.1 -.06 -03
METAL 04 254 07 .06 -06 103 -10 -.06
AHTL D2 228 05 03 -02 157 =06 -.02

a See Table 3.2 for the definition of poliutants,

In most cases, the direction of change in pollution levels (Table 4.3) depends
on the foreign exchange regime. In particular, the fixed exchange rate policy
forestalls Indonesia's export growth, leading to a reduction in pollution. By contrast,
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Japanese poliution rises largely because of increased production for export to
indonesia. The reductions in levels of almost all effluent categories for indonesia is
intuitively appealing, but it is not reasonable to expect the government to sustain a
trade policy which stifles export growth.

Experiment 2 is a more sustainable policy scenario, but which comes with the
burden of increased domestic pollution. As one would expect, in the absence of
new technologies economic growth entails increased emission levels. This is
inevitable when growth occurs with constant technology and output composition.
What these results reveal is that, even when extensive compositional shifts occur in
response to trade liberalization, effluent levels will still rise in Indonesia. Thus, the
policy challenge is how to mitigate this new poliution.

Tabie 4.4: Emission Intensities by Destination of Supply?

{percentage changes)

Experiment 1 Experiment 2
Indopesia __ Domestic Japan ROW__ Total Domestic Japan ROW __ Total
SUSP 217 -18 -182 -2.14 1.97 A9 101 357
502 278 -20 -211 -251 2.05 28 .87 3867
NO2 -196 -19 -79 -1.81 62 A2 69 216
FINP -.92 05 44 73 -1.00 -19 159 -142
LEAD 280 -25 -247 265 261 00 55 388
VOG -48 00 51 -44 13 21 113 .68
co -3.39 24 .69 -249 03 246 379 228
BOD -1.01 A1 306 -67 -55 199 3.27 a2
g8 -4.26 32 23 313 65 368 676 340
TOX 117  -05 325 -67 36 66 372 176
METAL -1.76 22 -8Bt -1.59 40 278 344 152
AHTL 140 -13 199 -1.00 87 34 301 253
Japan Domeglic Indon ROW _Total Domestic jpdon ROW Tolal
SUSP 03 -108 -04 .02 -09 97 05 -08
502 03 -1.91 -,06 03 -10 -1.79 05 -09
NO2 01 -66 -05 01 -03 -39 09 -02
FINP 01 119 -0t ol 01 118 .04 .01
LEAD 06 -285 -.01 086 -p9 -262 .06 -.09
VOC 00 -8 -05 -01 -.01 -.62 .05 .00
Co 05 292 -02 .04 -07 -2.65 .04  -06
BOD 00 -268 -07 -.01 -02 -2.15 05 -02
s85 04 276 -03 .03 -11 -260 -02 -10
TOX 02 233 -04 .02 -02 -1.72 06 -02
METAL 04 253 -02 .03 -06 -2.37 03 -05
AHTL L2 279  -04 .02 -02  -1.84 07 -0t

@ See Table 3.2 for the definition of poliutants.
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While it might be reasonable to associate economic expansion with growth in
total pollution levels, one might reasonably ask if shifts in output composition can
lead to lower pollution intensities. Although this is quite possible in theory, given the
diversity of sectoral effluent intensities it would not result from Indonesian tariff
liberalization (see Table 4.4). Indeed, the results for experiment 2 in Table 4.4
indicate that in the absence of new technology tariff liberalization will increase the
emission intensities for almost all major pollution categories. The only exceptions
are fine particulate (FINP) and biochemical oxygen demand (BOD, water pollution),
whose intensities fall with the output of the cement and pulp and paper industries,
respectively. For tndonesia, these results only ampliify the policy challenge of
addressing the environmental consequences of trade-based economic growth.

Discussion in section 2 focused on the links between poliution and bilateral
trade, and the results of Tables 4.3 and 4.4 suggest some interesting and relatively
positive conclusions in this regard. First of all, it is reasonable to conclude that the
historical asymmetry in the effluent content of trade was not a result of the existing
pattern of Indonesian protection. This is apparent since the asymmetry only
intensifies with the removal of Indonesian tariffs. Effluent levels rise with bilateral
trade in both directions, but Indonesian effluent intensities for exports to Japan
generally rise while the latter's intensities fall for bilateral exports. A second
important bilateral conclusion is that, while emission intensities for Indonesian
exports to Japan rise, they rise less than the pollution intensities of Indonesian
exports to the ROW. Thus increased exports to Japan actually have a lower
environmenta! cost at the margin than exports to the ROW. Finally, in most of the
major effluent categories, including the acute human toxicity index (AHTL) of all
effluents, production for export to Japan is cleaner than average production for the
domestic market and almost eight times cleaner than average economy wide
production. Annex Tables A.3.1-A.8.3 present the results of two components of
experiment 2, piecemeal Indonesian tariff liberalization with respect to Japan and
the rest of the world.

Having identified a policy problem, the apparent positive correlation between
trade liberalization and effluent intensity, the next three simulations are designed to
examine how the problem might be mitigated. The correlation between growth and
poliution of course implies a difficult tradeoff between quantitative and qualitative
aspects of living standards, and these experiments are intended to give a general
idea about the economic costs which would be occasioned by the use of a variety of
economic instruments to mitigate domestic pollution. Of the many kinds of policy
simulations which the CGE model can carry out, only & smali subset are presented
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here. However, they do give reliable indications about the individual significance
and interactions between two important instruments, tariffs and eftluent taxes.

Experiment 3 poses the following question: What set of import tarifts would
minimize the acute human toxic effluent index AHTL, per unit of real GDP? An
experiment which simply minimized AHTL depressed the economy to an
unacceptable degree, while an experiment to maximize Real GDP simply set tariffs
to zero as one would expect.”” Even when minimizing effluents per unit of output,
the optimal tariffs became untenably large, so in experiment 3 an upper bound of
100 per cent is placed on all tariffs. Most tariffs indeed reached this level, and the
result was a drop in imports (Table 4.5) of 14.21 per cent and in real GDP of 2.85
per cent. On the other hand, the toxicity index of economy wide effluents fell by
over three times the drop in GDP (9.73 per cent), indicating that a relatively steep
tradeoff between real income and pollution. No attempt has been made, however,
to put a dollar value on the reduced pollution which would permit more direct
comparisons. This is an important direction for future research, since rigorous
economic accounting of environmental costs and benefits is essential for
comprehensive integration of economic and environmental policies.®

Table 4.5: Aggregate Results for Tax and Trade Policies to Reduce Effluents

(percentage changes)
Indonesia Exp3 Exp 4 Exp 5
Real GDP -2.85 -2.95 -2.52
Employment -4.36 -4.53 -1.93
Labor Income -4.98 -8.93 -5.16
Capital income -7.00 -8.16 -6.62
EV Income -2.23 -2.57 -2.21
imporis -14.21 -5.90 -.66
Exports -14.72 -7.14 -2.73
Govt Budget® 108 (4.98) 133(6.09) 106 {4.90)
Exch Rate -11.09 9.91 19.08
AHTL -9.73 -10,00 -10.00

Experiment 3: Tariffs (<100%}) which minimize AHTL/real GDP
Experiment 4: Effluent taxes which reduce AHTL by 10%.
Expetiment 5: Taxes from Experiment 8 with complete tariff removal.

8Figures in parentheses are per cent government revenue in real GDP.

From the results for experiment 3 in Table 4.6, it is apparent that most of the
reduction in Indonesian pollution is coming from exports. But this is partly because
trade taxes are being used as the economic instrument, raising the real exchange
rate and making exports less competitive. It is also because, as was emphasized in
section 2, Indonesian exports are much more effiuent-intensive than production for

30



the domestic market. It is especially significant that these tax instruments have
succeeded in reducing effluent intensities (Table 4.7), since this is the key to the
nonlinear relationship between GDP and poliution reductions. Thus it is apparent
that, despite negative environmental conclusions about trade liberalization, changes
in the composition of production can effect significant reductions in pollution levels
and intensities.

Table 4.6: Emission Levels by Destination of Supply

(percentage changes)
Experiment 3 : Experiment 4
Indonesia __Domestic Japan ROW_ _Total Domesgtic Japan ROW__ Tofal
SUSP -6.63 -13.32 -18.69 -10.80 -9.92 -13.87 -1824 -12.61
502 -858 -13.66 -18.96 -12.04 -10.50 -14.03 -19.02 -13.14
NO2 576 -13.08 -1828 -9.34 -7.49 -13.80 -15.95 -10.20
FINP 46 -1250 -13.70 -87 -449 1221 -711 -4.85
LEAD -8.02 -12.73 -17.88 -11.54 -11.69 -13.87 -1941 -13.94
VvOC 242 -1341 1835 -5.10 -431 -13.21 -12.08 -597
CO -10.93 -21.04 -2589 -14.82 -6.16 -1480 -1646 -9.12
BOD -390 -19.41 -2360 -6.68 -324 -1478 1372 -5.00
88 -15.36 -25.02 -34.70 -19.70 -8.35 -1594 -2326 -11.73
TOX -5.156 -14.96 -21.86 -8.63 -554 -1385 -1530 -7.93
METAL -6.46 -22.28 -26.79 -10.27 -5.47 -15.10 -17.62 -7.77
AHTL -599 -1385 -2083  -0.73 666 -13.82 -1645 -949
Expetiment 5
Indonesia __ Domestic _ Japan ROW _ Total
sUsP -11.38 -1386 -1694 -13.13
502 -12.02 -1400 -1858 -13.83
NO2 851 -1384 -1314 -10.38
FINP 608 -11.77 -2.09 -6.07
LEAD 1352 1411 1974 1495
VoG 473  -12.76 -6.79 -5.73
co -7.07 1234 -9.93 -8.38
BOD -396 -13.05 -8.30 -5.06
S8 959 -1272 -1836 -11.28
TOX -6.03 -13.20 -9.23 -7.44
METAL -6.11 -1253 -13.32 -7.57
AHTL 720 -1358  -11.91 _-10.00
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Table 4.7: Emission Intensities by Destination of Supply
{percentage changes)

Experiment 3 Experiment 4

mesti n AOW Toial Domestic Japan ROW Total
SUSP 644 -48 -282 -887 -807 -192 -16.01 -10.22
S02 -840 -87 -3.14 -10.13 -866 -209 -16.81 -10.77
NO2 557 -20 233 -7.38 -559 -184 -1366 -7.74
FINP 37 A7 314 128 253 -03 -458 -225
LEAD -7.83 20 -185 -963 Qa7 -191 1721 -1159
VOC 222 -59 -241 -3.05 234 117 -968 -3.39
co -10.75 -9.35 -11.556 -12.98 423 -297 1418 -6.63
BOD -370 -747 -B69 -4.66 125 -2985 -11.37 -240
58 -1519 -1391 -21.856 -17.97 -646 -428 -2116 -9.31
TOX 495 -236 -661 -665 -360 -1.89 -1298 -541
METAL -6.26 -10.76 -1250 -8.33 -352 -332 1537 -525
AHTL -580 109 -537 -7.77 474 186 -1417 -7.02

Experiment 5

Indonesia _Domestic _ Japan HROW __ Tofal
SUSP -9.48 -252 2103 -11.30
S02 -10.13 -268 2260 -12.01
NO2 -6.54 250 -17.42 -8.49
FINP -4.07 -156 -6.92 -4.09
LEAD -11.66 281 -2370 -1315
VoG -2.68 -1.28  -11.38 -3.74
CO -5.07 -81  -1437 -6.45
BCD -1.80 161 -12.82 -3.06
sS -7.65 -1.24 -2238 941
TOX -4.02 -1.77  -13.70 -5.48
METAL -4.09 -1.02  -17.60 -5.62
AHTL -5.21 220 -1625 -7.20

A neoclassical economist would naturally argue that tariffs are inefficient
instruments to control pollution decisions at the producer level. Since we have no
technology choice in the present model, it is not possible for individual sectors to
substitute between effluents or to finance output-neutra! effluent reductions. Thus a
direct effluent tax, which would could induce fairly complex technical substitution by
firms, here has the effect of a simple output tax. Even in this limited context, it is still
useful to compare indirect and trade taxes for their efficacy. Experiment 4
implements a set of taxes on the major air pollutants (SUSP, 502, NO2, FINP,
LEAD, VOC, and CO) which act to reduce AHTL by 10 per cent. Many of the
aggregate ‘effects of this (Table 4.5) are quite analogous to the optimal tariff
experiment, but other results differ in important ways. Specifically, effluent taxes
have a much less repressive effect on trade, bring more revenue to the government,
and of course the composition of trade adjustments is significantly different (see
Annex Table A.4.1). Again, the effluent reductions are driven mainly by adjustments
in export patterns rather than production for the domestic market. Since the tax is
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now on all output, regardiess of destination, it is clear that the environmental
benefits are coming from reducing the disparity between effluent intensities between
the two types of supply.

The fitth and final experiment seeks to offset the contractionary effects of
effluent taxation by combining this with the expansionary effect of tariff liberalization.
All tarifis are removed, and effluent taxes are set a levels which reduce AHTL by 10
per cent again. This combination of instruments reduces the output change to
about one fourth of the percentage effluent reduction, cuts the overall employment
losses by more than half, and more than offsets the lost tariff revenue which would
have accrued to the government. Despite this, the overall and constituent effluent
adjustments are quite comparable to experiment 4, except that even more poliution
savings are obtained from ROW exports. Thus tariff liberalization can still be
beneficial and does not preclude effiuent reduction, but other economic instruments
must be brought into play to achieve the latter.

V. CONCLUSIONS AND EXTENSIONS

The ability of international trade to alter the composition of domestic
production activities allows it to exert an important influence on the environment.
Historically, export-oriented growth has often been associated with high and
unsustainable pollution levels, and countries on this path of development are
increasingly aware of the environmental risks. This paper uses data on the
economy of Indonesia to appraise the environmental risks of its trade orientation
and to evaluate some alternative economic instruments for reducing these risks.

Three principal conclusions emerge from this preliminary research, two rather
negative and one positive. First, indonesia's historical trade orientation has been
environmentally asymmetric in the sense that it occasioned significant transfers of
pollution services from its trading partners to the domestic economy. Secondly,
given current technology, increasingly outward trade orientation by Indonesia is
likely to raise both the levels and intensities of major industrial effluents, posing an
ever more serious threat to public health. Other things being equal, these effects
would be intensified by across-the-board indonesian tariff reductions. Third, there is
considerable scope within the aconomy for reducing both the level and intensity of
domestic pollution under existing technologies. This can apparently be achieved by
economic instruments which change the composition of domestic output, including
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import tariffs and effluent taxes. Such taxes may lead to reductions in real output,
but by significantly smaller percentages than the poliution reductions.

Much work remains to be done with the data and analytical resources
developed in this research. At least five areas should be given priority. It is
important to broaden the simulation model specification to include possibilities for
technical substitution. Some account should also be taken of pollution arising from
consumption activities, such as vehicular emissions and fertilizer use. Domestic
institutions should also be disaggregated so the real incidence of economic and
environmental effects can be more clearly understood. It would also be desirable to
obtain more country-specific information on pollution intensity and its social and
economic costs. Fifth, emissions from agriculture, mining, and service activities
need to be incorporated into the present database.

As this family of more extended models is developed, they should be
subjected to exhaustive policy experimentation to elucidate the complex
environmental role of individual and combined economic instruments. The
importance of all this work is to strengthen the empirical foundation for research on
the environmental implications of growth policy and the growth implications of
environmental policy, two essential steps to secure the basis for sustainable
development.
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Annex 1: Structural Equations for the Indonesia-Japan CGE Model

I. Country-specific Equations

Emission Levels by Destination of Supply

Ji]
Er =Y enbSt

i=]

k ={d,b,r), where d = domestic,b = bilateral partner, and r = ROW

h= {SUSP,SOZ,Noz, FINP, LEAD VOC,CO,B0OD,S8,TOX , METAL , AHTL }

Consumer Behavior

C =LES (P.Y)= 'Y.""%L[Y—ZPD{YJ

Production Technology

i j=1

S, = min{CES; (Lpi. K p; 60, Vil @y Vi i}

Yy = 4;S;

Factor Demands

LD, /KD; =y(w/ ry;. ;)

KD, =Zm,.[

keld by}

st
i i

KDif/KDid = kﬂ(rgi/rgi §!-1i)= f=br

Factor Supplies

LS =LES,(w,Y)

KS,; =sz'. |:

3 of

ke(d b,r}

T T(w)
]
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(A.3)
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(A.6)
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KS! [KS: = k(rl fréiN.), f=bor (A.10)

Factor Prices
Fpp = Z "5;' KD;k
ke(d b,r} (A.1 1)
Tsi = z s KS:‘k
keldbry (A.12)

Commodity Demands, Supplies, and Allocation of Traded Goods

. iHoi-1)
D;-='£of[ ZB?(D,-")“‘"‘”“T

keld br) (A1 3)
D/ /D! =g,(PL/Psio). f=bur (A.14)
T; /(v +1)
S = st [ Z & (S-t )(‘I:Hl).-‘ti ]
ketd b} (A.15)
S/t =g(PL/Psn), f=bor (A.16)
Composite Domestic Prices
PuDi= Y, P Df
keld b.r} (A7)
Py 5, = Z F; s’i Sf
ketd br) (A.18)
Domestic Market Equilibrium
b= QYL 19
st = Df (A.20)
LS = ZLILD,- (A.21)
YLK = X kD] - | (A22)
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Income and Government Revenue

Y=(Q1- r)ZwLD +{l-t )ZrDlKDd+Y

+ ZZ("S. ; '_rD.KD:f)

felbry i

YG=r,_ZwLD,.+tK2 rk KD!

v ¥ Y (P Dl + 5P S)

ke[d.br} i
Balance of Payments

S B 3 S (Rs D)

felb.rl felb,r} i

Foreign Commeodity Prices

PL=Q+t))e PWL, f=br

Rl =[] Pwg . 1 =br

Numéraire

Zi W; ng‘

Il. Bilateral Equations

Bilateral Trade Flow Equivalence
S‘-"(Indonesia) = D,-b (Japan)
S? (Japany = Df (Indonesia)

Bilateral DFI Stock Equivalence
KS? (Indonesia) = KD} (Japar)

KS (Japar) = KD} (Indonesia)
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(A.29)

(A.30)

(A.31)

(A.32)



Price Equivalence

PSP (Indonesia) = PD! (Japan) (A.33)
PS?(Japar) = PD} (Indonesia) (A.34)
18 (Indonesia) = rf; (Japan) (A.35)
1% (Japany = rb; (Indonesia) | (A.36)

L. Variable and Parameter Definitions

Price Variables

el Bilateral {f=b) and ROW (f=r) exchange rates (domeéticﬁoreign currency)

P Domestic purchaser prices of domestic goods

PI{:‘ Domestic purchaser price of imports from region f (f = bilateral panner ROW)
PS‘{ Domestic producer price in the domestic market

P Domestic producer price for exports to region f

Pp; Purchaser price of composite domestic demand

Py Producer price of domestic outptit

World price of imports from region f

PW;

PWg World price of exports to region f

rg, Domestic rental rate paid on domestic capital
S

Domestic rental rate paid on capital invested from region f

Thi
2 Domestic rental rate eamned on domestic capital
v Domestic rental rate earned on capital investe in region f
Toi Composite rental rate paid on domestic capital stock
Igi Composite rental rate earned on domestic capital assets
w Average wage rate
Quantity Variables
G Personal consumption
DA Domestic demand for domestic goods
D/ Domestic demand for imports from region f
D; Composite goods for domestic consumption
E;f Domestic emission levels by destination of supply (domestic market, bilateral

country, ROW) for poliutant h

KD? Domestic demand for domestic capital
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kDS Domestic demand for imported capital (inward direct foreign investment stock)

from region f
KSf Domestic supply of domestic capital
Ks/ Outward direct foreign investment stock in region f
LD; Demand for labor
LS Aggregate labor supply
I~;{Sfi Domestic production for domestic use

ksy Domestic production for export to region f
S; Gross domestic output
Demand for intermediate good /in sector |

Nominal Variables

B’ Net foreign borrowing from region f (may be exogenous})
4 Nominal domestic income
Y; Govemment income

Structural and Policy Parameters

a intermediate use coefficients (Leontief technology)

Eip Sectoral effluent intensities of poliutant

¥ Subsistence consumption of good /

T Marginal budget share for consumption of good |

d; Elasticity of substitution between labor and capital in domestic production

I Elasticity of substitution between domestic and imported capital

A Elasticity of transformation between domestic and exported capital
i Elasticity of substitution between domestic and imported products

f Elasticity of transformation between domestic and exported products

:{Kp]. Calibrated intercept parameter for composite capital demand

A KS; Calibrated intercept parameter for composite capital supply

ZD; Calibrated intercept parameter for composite product demand

Esi Calibrated intercept parameter for composite product supply

Bf‘ Base share parameter of capitai demand by origin in the composite demand

u;-“ Base share parameter of capital supply by destination in the composite demand
f Base share parameter of product demand by origin in the composite demand

Bf Base share parameter of product supply by destination in the composite demand

39



Indirect tax rafe on domestic sector production

Ad valorem tariff rate on imponts from region f

Tax rate on capital income
Tax rate on labor income

Producer tax or subsidy on domestic deliveries

Tax or subsidy on exports to region f

Domestic demand shares
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Annex 2: Trends in Embodied Trade for Detailed Effluents

Table A.2.1: Trends in Embodied Effluent Trade:
Suspended Particulates (SUSPPART)

indonesia 1965 1970 1975 1980 1985 1980 Ave
Exports o
Japan 1036 1126 1403 1074 7.82 814 1039
Rest of Worid 637 6.14 1267 1031 850 621 837
imports from
Japan 2214 227 228 198 3.01 220 233
Rest of World 234 280 287 432 400 325 326
Effluent Trade Ratio
Japan 469 495 615 542 260 371 4588
Rest of the World 272 219 442 238 213 191 263
Japan
Exports o
Indonesia 221 280 208 186 184 224 217
Rest of World 200 171 160 166 163 180 173
Imports from
Indonesia 944 1087 1357 11.17 830 7656 1017
Rest of World 413 412 710 7.89 636 465 b7
Effluent Trade Ratio
indonesia .23 26 A5 A7 22 .29 22
Rest of the World A9 A2 23 21 26 239 33

Tabte A.2.2: Trends in Embodied Effiuent Trade: Sulphur Dioxide (SO2)

Indonesia 1965 1970 1975 1980 1985 1990 _ Ave
Exports to
Japan 1198 11.82 1589 1277 1044 983 1212
Rest of World 732 656 1437 1199 1019 686 955
imports from
Japan 183 154 150 122 177 106 1.49%
Rest of World 200 231 234 428 380 283 296
Effluent Trade Ratio
Japan 656 770 1059 1046 590 927 841
Rest of the World 350 284 613 280 268 234 338
Japan
Exponts to
Indonesia 1.87 243 1.51 1.24 119 1.03 1.54
Rest of World 166 126 110 1.04 .80 95 114
Imports from
Indonesia 10.85 11.20 15.26 13.06 1095 931 11.77
Rest of World 4831 4141 781 893 730 481 6.21
Effluent Trade Ratio
indonesia A7 22 10 09 M 1 13
Rest of the World 36 31 J4 12 J2 20 21
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Table A.2.3: Trends in Embodied Effluent Trade: Nitrogen Dioxide (NO2)

Indonesia 1965 1970 1975 1980 1985 1990 Ave
Exports to - ' ; _
Japan 356 394 480 43t 383 370 402
Rest of World 232 230 437 397 362 309 328
Imports from
Japan 29¢ 172 165 132 201 107 168
Rest of World 261 221 215 244 232 192 228
Effluent Trade Ratio
Japan 155 229 291 326 191 3456 256
Rest of the World 89 104 203 162 156 161 146
Japan
Exports to
Indonesia o58 258 166 129 122 109 174
Rest of World 216 162 126 114 97 96 1.35
imports from
Indonesia 329 382 465 434 396 361 395
Rest of World 267 220 316 338 299 243 282
Effluent Trade Ratio '
Indonesia 78 .68 36 30 .31 30 45
Rest of the World 81 1 39 34 32 39 A9

Table A.2.4: Trends in Embodied Effluent Trade: Fine Particulates (FINEPART)

Indonesia 1965 1970 1975 1980 1985 1990 A'VE'.

Exports 1o
Japan 39 A2 A4b A5 46 .65 A7
Rest of Worid A2 43 44 53 56 110 58
Imports from :
Japan 249 242 241 154 38 107 230
Rest of World 215 2149 219 151 1838 115 185
Effiuent Trade Ratio
Japan 16 A7 19 .30 A2 61 26
Rest of the World 20 20 .20 .35 30 95 37
Japan
Exports to
Indonesia 274 278 203 152 136 106 1.9
Rest of World 200 203 162 170 155 142 187
Imports from
Indonesia 38 42 45 A5 A7 74 AB
Rest of World 128 125 119 1142 122 216 137
Effluent Trade Ratio
Indonesia 719 669 456 335 290 143 435
Rest of the World 226 162 136 153 127 66 145
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Table A.2.5: Trends in Embodied Effluent Trade: LEAD

Indeonesia 1965 1970 1975 1980 1985 1990  Ave
Expotis to
Japan 3324 3266 4403 3258 2352 2337 31.56
Rest of World 2055 18.74 39.64 31.156 25.03 1576 25.15
Imports from
Japan 202 253 259 25§ 292 232 248
Rest of World 271 427 450 998 814 629 598
Effluent Trade Ratio
Japan 16.47 1291 1698 12989 8.06 10.09 1282
Rest of the Worid 759 439 881 312 307 251 49
Japan
Exports to
Indenesia 1.72 289 256 237 247 229 238
Rest of World 198 202 228 187 179 186 1.99
imports from
Indonesia 30.33 3071 4215 33.84 2502 2151 3059
Rest of World 10.82 1034 2054 2290 1788 10.64 1552
Effluent Trade Ratio :
Incdonesia .06 .09 .06 07 10 3 .08
Rest of the World 18 20 A1 09 10 J8 14
Table A.2.6: Trends in Embodied Effiluent Trade:
Volatile Organic Compounds (VOC)
indonesia 19065 1970 1975 1980 1985 1990 Ave
Exports to
Japan 239 277 308 322 320 309 296
Rest of World 162 159 281 283 271 246 2.34
Imports from
Japan 355 333 2330 348 329 340 339
Rest of World 332 300 295 304 327 309 3N
Effluent Trade Ratio
Japan 67 .83 .93 93 97 o1 .87
Rest of the World A9 53 95 93 .83 .BO 75
Japan
Exports to
Indonesia 342 346 364 345 332 347 346
Rest of World 283 311 326 343 A9 347 327
Imports from
Indenesia 210 276 302 318 326 307 290
Rest of World 168 180 216 245 235 227 212
Effluent Trade Ratio
indonesia 163 125 121 108 102 113 122
Rest of the World 168 173 151 140 149 153 156
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Table A.2.7: Trends in Embodied Effluent Trade: Carbon Monoxide (CO)

indonesia 1965 1970 1975 1980 1985 1990 Ave
Exponis to
Japan 93 212 169 220 2567 257 202
Rest of World 99 179 151 191 208 224 175
Imports from :
Japan i49 173 176 157 169 1145 156
Rest of World 142 t55 157 174 184 164 1.63
Effluent Trade Ratio
Japanh 62 123 98 141 152 224 133
Rest of the World 70 115 b6 110 132 137 107
Japan
Exporis to
Indonesia 150 248 178 157 148 105 165
Rest of World 160 144 141 118 .89 83 123
imports from
indonesia 115 216 177 213 258 267 208
Rost of World 246 283 2.01 2.21 209 202 227
Effluent Trade Ratio
Indonesia 1.31 1.1 101 g4 57 .39 .86
Rest of the World 65 51 70 53 A3 A 5

Table A.2.8: Trends in Embodied Effluent Trade:
Biochemical Oxygen Demand (BOD)

Indonesia 1965 1970 1975 1980 1985 1990 Ave
Exporis to
Japan 66 63 il 57 .58 55 62
Rest of World Re)| 94 .86 .80 .88 .68 84
impotts from
Japan .20 27 28 55 A9 4 27
Rest of World 85 155 164 175 1.01 75 1.28
Effluent Trade Ratio
Japan 3.21 235 257 104 301 4.01 270
Rest of the World 96 .60 .52 A5 87 91 T2
Japan
Exports to
Indonesia 30 1.24 25 A7 21 .15 A4
Rest of World 23 32 g7 9 g2 g2 A8
Imports from
Indonesia g2 - 66 72 b9 61 54 .64
Rest of World 15 158 166 128 122 107 148
Effluent Trade Ratio
Indonesia 42 187 35 79 35 27 .68
Rest of the World A1 20 A0 15 10 14 A3
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Table A.2.9: Trends in Embodied Effluent Trade: Suspended Solids (§3)

indonesia 1965 1970 1975 1980 1985 1990  Ave
Exports to '
Japan 37 54 g1 62 109 .88 T2
Rest of World 48 .76 78 93 1.12 95 .84
Imports from
Japan 185 163 160 163 143 80 149
Rest of World 138 159 162 166 191 160 163
Effluent Trade Ratio
Japan 20 .33 A4 38 g6 122 .56
Rest of the World 36 A48 48 56 .59 .60 51
Japan
Exports to
indonesia 164 178 185 142 137 893 1.580
Rest of World 132 128 119 118 75 66 1.06
Imports from
Indonesia A4 57 .80 63 116 1.03 77
Rest of World 198 248 149 172 168 201 189
Effluent Trade Ratio
Indonesia 374 312 232 226 118 90 225
Rest of the World 67 52 .80 .69 A5 33 57

Table A.2.10: Trends in Embodied Effluent Trade: Bioaccumulative Metals

Indonesia 1965 1970 1975 1980 1985 1990 Ave
Exports to
Japan 135 173 195 161 1.79 191 1.72
Rest of World 158 229 181 174 171 162 179
Imports from
Japan 391 451 458 482 495 440 453
Rest of World 327 361 366 367 409 404 372
Effluent Trade Ratio
Japan 34 a8 42 33 36 A3 .38
Rest of the World A9 63 49 A7 A2 40 48
Japan
Exports to
Indonesia 366 423 451 449 460 453 434
Rest of World 378 404 4146 419 397 403 403
impoits from
Indonesia 158 159 197 163 186 192 176
Rest of World 347 431 272 283 279 322 322
Effluent Trade Ratio
Indonesia 231 266 229 276 248 236 248
Rest of the World 100 94 1583 148 142 126 129
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Annex 3: Piecemeal Tariff Liberalization by indonesia

Table A.3.1: Aggregate Results of Piecemeal Tariff Liberalization
{percentage changes)

Indonesia Exp At Exp A2
Real GDP 0.14 0.90
Employment 0.14 2.19
Labor Income 017 2.34
Capital Income 058 283
EV Income -0.38 094
Imports -0.37 748
Exports 1.92 5.54
BOP

Exch Rate 1.25 434

Experiment A1: Removal of Indonesian tariffs on Japanese goods.

Experiment A2: Removal of indonesian tariffs on ROW goods.

Table A.3.2: Emission Levels by Destination of Supply

(percentage changes)
Experiment A1 Experiment A2

i f Do, i T
SUSP g1 188 284 1.4 129 464 705 333
S02 88 192 267 153 122 471 687 332
NQO2 28 187 235 95 30 458 692 228
FINP -50 174 143 -34 -66 436 524 -24
LEAD 102 185 267 163 168 448 658 358
VOoC -08 186 221 e 0g 468 746 1.28
co 32 236 282 102 -35 647 982 225
BOD -10 228 234 29 -58 6.07 944 73
88 J6 266 372 152 -16 742 1187 290
TOX 06 198 240 B3 20 503 994 210
METAL 09 244 302 65 21 671 909 1.82
AHTL 26 192 246 N 54 476 919 265

Table A.3.3: Emission Intensities by Destination of Supply
(percentage changes)
Experiment A1 Experiment A2

; Domestic Japan ROW Tola
SUSP 80 .08 61 1.31 1.24 A3 b5 251
S02 1.07 RA 64 143 1.18 20 39 251
NO2 A7 06 32 85 25 .08 43 148
FINP -31 -07 -57 -44 -7 -4 115 -1.02
LEAD 1.21 04 63 1583 163 -02 A1 277
vOC 10 .05 19 24 04 A7 84 048
Co 50 .54 78 93 -39 188 297 145
BOD .09 46 31 19 -63 150 280 -0.07
8s 95 83 167 142 -20 279 508 209
TOX 25 a7 37 .53 15 S50 3.27 13
METAL 28 .62 98 55 A6 211 247 1.02
AHTL 45 10 43 81 49 95 257 184
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In experiment A1, all nominal tariffs on Japanese imports are removed, while
nominal tariffs on the rest of the world (ROW) imports only are removed in
experiment A2. The results of these two simulations are mutually consistent with
the general tariff liberalization (experiment 2) to the point of being nearly additive in
many aspects, but each reveals important elements of the bilateral trade
relationships. For example, unilateral liberalization with respect to Japan actually
reduces average Indonesian purchasing power because increased exports to Japan
rely on (still expensive) imported intermediates from ROW. Domestic competition
for resources by the same export industries also drives up the prices of domestic
consumption goods (Dutch Disease).

In terms of poliution, it is difficult to compare the percentage changes in
emission levels (Table A.3.2) because of the different magnitudes of the trade
relationships. In terms of intensities, however, it is interesting to note that
liberalization with respect to Japan induces a significantly smaller rise in most
effluent intensities for almost all components of indonesian supply.
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Annex 4: Sectora! Results for Tax and Trade Policies to Reduce Effluents

Table A.4.1: Sectoral Results for Tariffs to minimize AHTL/real GDP
(all figures in percentage changes)

Supply Imports Labor Capital
,_."l' 2 olal Domestic 2} b = Z1h8
1 AgForF 2.14 3.03 -6.98 -14.70 -5548 -3.66 3.80
2 Pelro -11.62 -792 -1273 -17.89 858 1759 -11.21
3 Mining 1311 -1255 -1636 -2076 -2584 2497 -1640 -9.93
4 FoodProc 0.96 1.18 -3.86 626 -1547 -3365 -4.80 2.58
5 Textils ~712 -5.77 -14.13 -9.8% 1281 -11.39 -4.52
6 LumWood -8.74 -080 -1401 -21.15 -1355 -6.85
7 PulpPapr 2077 -29.66 -31.84 -1467 2073 -3350 2835
8 IndChem -50.96 -39.42 -64.18 -462 -1434 5210 -48.39
9 OthChem 121 -11.35 -2253 -18.81 2245 1748 -11.09
10 Plastic -4.55 -4.35 -12.13 214 7230 -10.10 -3.13
11 NonMtMnr 0.89 0.96 -3.74 -10.61 342 -4.30 3.11
12 Steel -9.08 -895 -11.15 -1332 -1561 3978 -15.25 -8.68
13 NonfMti 3352 3275 -3168 -3745 -19.13 2047 -3676 -31.86
14 MetalPr -122t 1221 -18.19 4025 1656 -10.09
15 MchPrcls -145 1377 -33.03 655 -2072 -1898 -12.70
16 ElecMch 254 4,38 -11.38 -7.0t 2095 -2.82 47
17 TrnspEq 6.52 7.23 -16.56 -10.21  -26.05 1.50 9.37
18 OtherMfg 1.72 1.85 277 362 -11.34 -1482 -2.71 483
19 Service 0.16 0.50 -504 -1019 _-2287 3869  -3.79 3.66

Table A.4.2: Sectoral Resuits for Taxes to Reduce Effluents
(all figures in percentage changes)

Supply imports Labor Capital

i ic__Japan ROW Japan HOW Demand Demand

1 AgForF 5.66 362 1638 4119 -19.02  -1.67 7.76
2 Petro -1437 -1251 1380 -19.50 8.15 2163 -14.00
3 Mining -7.03 -7.19 -6.03 -8.36 -1.16 -414 1134 -2.83
4 FoodProc -1.04 -1.27 3.41 6.00 -457 -10.79 -7.92 91
& Texlile -5.18 -5.55 -3.47 -3.07 -1082 -10.51 -1.93
6 LumWood -6.18 -3.66 -6.57 -10.12 -12.21 -3.79
7 PulpPapr -7.76 -7.64 -10.03 -44 -1.61  -13.75 -547
8 IndChem -28.76 -24.65 -32.22 117 341 3079 -2415
9 OthChem 1.36 1.08 4.85 -2.23 -7.26 -6.21 279
10 Plastic -4.11 -4.18 -1.60 300 -i042 1091 -2.36
11 NonMtMnr -7.49 -7.40 -13.64 424 2345 -13.30 -4.98
12 Steel -1.10 -1.16 32 Al -1.41 -8.26 9.27 -57
13 NonfiMil 2239 2060 -21.54 -2584 1.66 742 -27.02 204
14 MetalPr -2.23 -2.23 -1.39 -5.56 -8.15 67
15 MchPrcls -6.59 -6.63 -5.87 -2.50 -839 -12.58 -4.19
16 ElecMch -99 -1.46 217 279 -8.83 -7.31 1.59
17 TmspEq -1.29 -1.46 3.74 -3.43 -9.61 -6.96 1.96
18 OtherMrfy -4.46 -4.53 -1.47 -1.94 310 -1147 -9.54 -85

19 Service -2.44 277 2.87 £.42 550 -1016 -7.14 1.77
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Table A.4.3: Sectoral Results for Tariff Liberalization with Effluent Taxes
(all figures in percentage changes)

Supply imports
Experiment 5 Total Domestic _ Japan  ROW___ Japan ROW Lab Dem Cap Dem
1 AgForF 7.74 416 25.67 67.76 -16.89 1.83 9.43
2 Petro -15.33 1426 -14.15 -1985 1393 -2095 -15.04
3 Mining -6.34 -6.99 -3.16 -4.42 -1.05 -3.51 -9.77 -3.02
4 FoodProc -1.13 -1.58 682 1197 -0.31 -0.80 -6.57 0.40
5 Textile -0.11 -1.97 8.01 481 17.71 -4.65 2,58
6 LumWood -0.86 -3.06 1.24 210 -5.90 1.13
7 PulpPapr -1996 -20.35 -13.09 292 10.29 -2407 -18.4
8 IndChem 452 -0.38 811 -0.42 -0.87 217 9.8
g OthChem 2.70 1.87 12.44 -1.02 -3.28 -3.38 3.84
10 Plastic -3.17 -3.45 5.94 306 11.03 -8.61 -1.79
11 NonMtMnr  -11.83 -11.75 -17.37 12.34 B0B1 -16.22 -9.96
12 Steel -3.72 -3.90 0.62 0.75 -1.10 -6.51 -10.03 -3.31
13 NonfMit! -19.68 -20.97 -1773 -21.38 1.28 552 -2347 -1775
14 MetalPr -8.81 -8.81 1.67 6.66 -13.18 -6.69
15 MchPrcls 3.09 2.26 18.74 0.68 2.04 -2.13 5.18
16 ElecMch 0.42 -1.89 14.39 1.64 496 -4.65 247
17 TrnspEq -2.35 -313 18.18 1.27 2.83 -6.79 017
18 CtherMfg -3.88 -4.16 3.50 4.87 459 17.81 -7.96 -1.09
19 Service -2.18 -2.86 7.02 15.75 -705 -12.86 -5.90 1.13
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NOTES
1 See e.g. Grossman and Krueger (1992) and Radetzki (1992).
2 See, e.g9. Whesler (1992).
3 Such detailed emission rates are at the moment only available for US manufacturing sectors,
obliging us to apply them to both Japan and Indonesia.
4 |n the fight of differing environmental standards in the two countries, the disparity is likely to be
greater than the indexes would indicate. Japan's effiuent controls are more stringent than those of
the US, and thus the compositional index for the former is likely to overstate Japanese effluent levels.

Likewise, Indonesia's environmental controls are weaker than the reference country, so its actual
effiuent levels are probably underestimated by E.

5 As explained in Section 2, the World Bank pollution database actually details a variety of individual
pollutants. For each of these, lables measuring historical trends comparable to Table 2.1 are given in
Annex |l below.

6 For a general appraisal of this issue, see Cropper and Oates (1992).

7 Lee and Roland-Holst (1993) treat Japan as a large country so as o affect prices in the ROW
market. For the moderate trade flow adjustments for Japan described in this study, however, the
small country assumption makes almost no change in the results of simulation experiments.

8 See IDE (1991).

9 Total exports as percentages of GDP are 23.0 for indonesia and 14.9 for Japan.

10 See Martin et all (1991) and Wheeler (1992).

11 Of the remaining eleven sectors, other chemicals and plastics are relatively more poliution
intensive than the other sectors.

12 Compare to, e.g. ten Kate (1993). :

13 For a broader discussion of economic instruments for environmental regulation, see O'Connor
(1992,1993) and Barde (1993).

14 |ndonesia followed such an adjustment process in the period after its first major oil shocks in the
early 1980's. See Roland-Holst (1992) for more details.

15 This is smaller than the deficits experienced at the height of the oil crisis in the early 1980s. See
Roland-Holst (1892).

16 The most dramatic recent example is probably Chile in the mid-1980s, which was forced to
undettake very dramatic structural adjustment in part to overcome the effects of prolonged
overvaluation. See de Melo and Roland-Holst (1993) or Corbo (1985) for a summatry of this
experience.

17 This optimization is a feature of the GAMS software with which the Indonesia-Japan model is
implemented. For other applications see Lee and Roland-Holst (1993).

18 For a survey of this kind of environmental valuation, see O'Connor (1992).
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