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The Environmental Implications of the Philippine
Economic Structure: An Input-Output Analysis

Maria Reinaruth D. CARLOS*

I. Introduction

The purpose of this paper is to look into the relationship between the Philippine
economic structure and the environment using input-output (I-O) analysis. Specifically, we
have the following objectives: (1) to describe how environmental variables are incorporated
in the conventional I-O table; (2) to extract the 1994 environmen_t-augmented 1-O Table for
the Philippines; (3) to augment the conventional I-O model by including import variables in
the Leontief matrix; and (4) to determine how endogenizing imports will affect the impact of
a change in final demand on gross output and, consequently, the environment, in the
Philippines.

The role of the environment as a provider of raw materials and as a sink for wastes
from production and consumption cannot be overemphasized. While in the past, the
environment was largely taken for granted especially in developing countries, its scarcity
and the drive towards sustainable development, as well as lessons learned from developed
countries, have motivated economists and policymakers to assess the stock of their natural
resources and quantify the burden imposed by economic activities, in what is now popularly
known as the “Environmental and Natural Resource Accounting (ENRA)".

ENRA in the Philippines began in 1991 with the launching of the Environment and
Natural Resource Accounting Project (ENRAP) spearheaded by the Department of Natural
Resources and sponsored by the US Agency for International Development (USAID). The
valuation project comprised of four phases: (1) forest accounts; (2) household waste
disposal; (3) renewable and non-renewable resources; and (3) institutionalization and
application of the project. The data gathered from the studies were used in extracting the
envirdnment-augmented 10 table for the Philippines.

The National Statistics Coordination Board {NSCB) in 1994 also began developing the
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Philippine Sysfem of Integfated Environmental and Economic Accounting (PSEEA)
framework which is patterned after the United Nation’s System of Integrated Environmental
and Economi.c Accounting (UNSEEA). Under this progrém, environmental accounts for five
resources (fishery, forest, minerals, land and water) were compiled in 14 economic
activities, four in agriculture, fisheries and forestry; seven in manufacturing and one each in
mining, electricity generation and land transportation services.

Other than the “environmental scorekeeping” role of these projects, they also provide
data used to simulate the environmental impact of economic development policies and help
design long-term environmental strategies in the country. In this paper, we attempt to give a
more accurate assessment of the environmental impacts of the economic policies by
incorporating imports coefficients in the current I-O framework. We observe that (1) by
importing the factors of production or inputs, the environmental impacts are “exported,” and
(2) the higher the import coefficients, the lesser will be the net environmental impact
compared to that implied in the current I-O framework.

This paper is divided into 6 sections: In the next section, we describe the environment-
augmented 1-O constructed by ENRAP for 1988 and 1990, and briefly present some studies
that use this framework in evaluating the impact of growth policies in the Philippines. In
section III, we modify the current I-O framework by augmenting it with respect to imports.
Section IV will briefly describe the data used in this study to extract the 1994
environment-augmented I-O Table for the Philippines. In section V, we show and analyze

our results. Finally, section VI gives the summary and recommendations of this paper.

II. The ENRAP I-O Framework
II.1. The Conventional I-O Framework

The conventional general [-O model (equation 1) represents the economic structure of
an economy, and shows the relationship between gross output and the total final demand

components.1
(1 X1=[1—A] "' [Yp+E—M]

where X is the column vector of gross output, A is the technical coefficient matrix, I is an
identity matrix, Yp is final domestic demand (consisting of private consumption

expenditures, investments and government expenditures), M is imports and E is exports.
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The second term on the right hand side of equation 1 is the final demand matrix whose
components (domestic final demand and net foreign demand) are all exogenous to the
system. [I— A] 1 is known as the Leontief inverse matrix. The column sum of its elements
is called the output multiplier for that sector, which is the total value of production in all
sectors of the economy required to satisfy a unit increase in final demand for that sector’s
output. The impact of a policy which effects a change (A) in any of the final demand

components can thus be computed using equation (2):

(2) [aX]=[I—A]l " 'A[Yp+E—M]

II.2. The Environment-Augmented I-O Framework (Mendoza, 1996)

ENRAP augmented the conventional general [-O framework represented in equation (1)
to include the environmental inputs and outputs. It used estimated values for several
environmental variables derived mainly frorﬁ other ENRAP studies as follows:

1. Income from non-marketed, nature-based household activities

These are considered. “unaccounted” output and are thus accounted for in the I-O table
as additional output of the agricultural and forestry sectors. The output from upland
agricultural activities, fuel wood gathering and charcoal making are added as pure labor
income of the agricultural and forestry sectors and as increase in personal consumption
expenditures.

2. Environmental waste disposal services (ES)

The cost of air and watér dispdsal services are used as proxy for pollution, and are
entered as negative inputs (additional rows). The values for ES are actually the pollution
abatement costs that are incurred if pollution is to be reduced by 90%. The ES coefficients
are then derived by dividing the actual ES values by the total cost of inputs (intermediate
and value-added). Air pollution is estimated as ’the abatement cost for particulate matters
(PM), sulfur oxide (Sox), nitrogen oxide (NOx), volatile oxygen compound (VOC) and
carbon monoxide (CO). For water pollution, calculations are based on pollution control cost
for Biological Oxygen Demand 5 (BODs), suspended solids (SS), total dissolved solids
(TDS), oil (OIL), nitrogen (N) and phosphvorus (P).

3. Environmental health and non-health damages (ED)

Environmental damages are considered negative output and are thus deducted from the
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total output of the respective sectors (additional column). The ED coefficients are then
derived by dividing the actual ED values by the total amount of outputs (intermediate and
value-added). The data used are based on the health effects and productivity loss due to
pollution. Only health damages in the national capital region are used for air pollution
damages, while for water pollution damages, both health and non-health damages nationwide
are covered. o

4. Natural resource depreciation (NR)

Natural resource depletion, considered a form of physical capital depreciation, is
subtracted from the output of the agricultural and forestry sectors (additional row) 2 NR in
the agricultural sector is measured as the quantity of upland soils eroded, while for the
‘ forestry sector, it is based on the change in stock of forest resources and quantity of upland
(grassland and woodland) soils eroded. NR in the mining sectc;r is represented by the
amount of coppér and gold extracted. Finally, the quantity of small pelagic catch is used for
NR in fisheries.

5. The benefits received from recreational activities involving nature (direct natural
services or DNS)

These include ENRAP estimates for benefits derived from the use of parks, bathing
beaches, swimming pools and forests for amusement and recreation, and are estimated and
included as additional output for the services sector.

6. “Net environmental benefits (NEB)”
NEB is included as an accounting balancing entry and computed as follows (equation

3):
(3) NEB=|ES|—|ED|+DNS

This is called the “social cost of polluting” or the pollution abatement cost that is saved
by actually polluting minus the resulting pollution damages (Mendoza, 1994). |
7. The model is closed with respect to the household sector.

In the conventional IO, only the total output induced by the first-round change in any
final demand components is considered. During the production of the induced output,
however, income is generated and again spent by households on consumption of goods,
which in turn again generates income and then spent as PCE. The full-round (total) impact

can thus be estimated by closing the model with respect to households or by “endogenizing
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households” inside the A-matrix. Thus, the PCE from labor income (Labor PCE), showing
the money flows from consumers (as purchases of goods of the n sectors) is added as the (n
+ 1) th column (H, column). Labor income, showing the money flows to consumers is moved
inside the A-matrix as the (n+ 1) th row (H, row)> The {(n+ 1, n+ 1) th element is
therefore the household purchase of labor services, which we will assume here to be equal
to zero.! In this framework, we now have a “consumption” sector in addition to the
conventional # production sectors. v

The environment-augmented A-matrix will then be a partitioned matrix as shown in
equation (4).

@ [ X ]_[I—A : —Hc]*'l[YZHE—M]
Xor1l L—H 1 1 Yok

<

The last column ih the environment-augmented Leontief inverse matrix will then be the
expected increase in consumption due to a one peso increase in final demand arising from
the increase in labor income. The gross outputs derived in this “closed with réspect to
household” model are higher than in the conventional IO analysis because it includes the
additional output necessary to satisfy the expected increase in consumer spending arising
from ho‘usehold income.

In analyzing the total environmental impact of PCE, the IO that is closed with respect to
household model is justifiable since it accounts not only for the value of environmental
variables arising from the first-round PCE but also from its succeeding rounds as income

earned from the first round is put back to the system in the form of labor income.

I1.3. The Environmental Impact of Economic Policies

An economic policy that results in a change in the value of final demand will affect the
gross output per sector through the output multiplier. In the same manner, we can also
determine the impact on the environment, V, by multiplying the environmehtal impact
coefficients by the total change in éross output (as solved using equation 2). The formula is
shown as equation (5), where v is the vector of environmental coefficients classified per

sector.

(5) (VI=v X[I—A] 'AlYp+E—M]
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For the model closed with respect to household, the impact on the environment is

computed using equation (6).

6 [ 14 ]:yX[I—A i ——HC}*l[A(YB‘—I-E—M)}

Vn+ 1 —H, 1 A Y;tk-f— 1

| —1:
where the elements of v X [I — A] “Lor v X [——— : ] are called the

environmental impact muitipliers.

We can now decompose the environmental impact of an increase in final demand for a
sector’s output as follows:

(1) First-round direct or initial environmental impact of the change in final demand for
that sector’s output. This is measured by simply multiplying the initial increase in demand
by the environmental coefficients, v. A

(2) First round, indirect or induced impact due to the use of output from other sectors
as>input to the said sector’s pfoduction. This is termed as the sectoral interlinkage effect.
The first- round, total (direct and indirect) impact can thus be computed by multiplying the
environmental impact multipliers (see equation 5 above) with the initial change in final
demand.

(3) Full-round impact that includes the additional effect arising from the
endogenization of the houséhold. The labor income generated by the additional production
due to the initial increase in final demand will be parfially used for personal consumption
expenditures (PCE), and therefore will again induce production‘ in all sectors. The full-
round impact in the closed model therefore considers all the changes in gross output and the
environmental variables, and is similar in concept to the Keynesian multiplier effect (see
equation 6). .

Using the model above, four studies in the case of the Philippines have been conducted.
In the first study (Mendoza, 1996), environmental variables were incorporated in the 1988
11-sector I-O transactions table and then simulétibn was done for the impact of five policy
scenarios, namely, (1) trade policy targets, (2) trade agro-industrial plan, (3) domestic
pump-priming, {4) NIC targets with different growth rates for sectors’ final demand, and

(5) uniform growth in final demand, both in the case when household consumption
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expenditures are exogenous, and when théy are endogenized. Simulation results showed that
for all scenarios, the amount of air pollution damages is very high compared to the amount
of natural resource depletion or water pollution damages. Moreover, out of the 5 scenarios
simulated, domestic pump-priming programs generated the highest rate of increase in air
pollution. The role of household as emitter of air and water pollution cannot be ignored
since it was found out that it accounts for 43% of total air pollution and 33% of water
poliution. for the year 1988. Also, endogenizing the household sector resulted in at least
twice as much of the impact when it was considered as an exogenous final demand sector.

Orbeta, Cortez an‘d Calara (1997) applied ENRAP’s 1-O framework on a regional level
using the 1988 Region XI intraregional industry-by-industry transactions table and the
national coefficients for the environmental variables. They simulated the impacts of (1)
export-oriented agro-industrial policies; (2) local pump priming program;- (3) over-all
economic growth target; and (4) over-all regional growth targets, and found essentially
similar findings as Mendoza (1996). In addition, the high value-added and environmental
multipliers for resource-based agro-industrial sectors in this region suggest that the regional
government can prioritize programs for the development of these sectors, provided that they
complement them with natural resource conservation and rehabilitation policies.

Two studies by Orbeta (1999@ and 1999b) studied the impact of changes in the tariff
structure of the Philippines from the period 1991-2000 using the 1990 I-O transactions
table disaggregated into 40x40 and 34x34 sectors, respectively. Tariff reductions will have
varied effects on the environment. First, higher tariff for natural-resource-intensive sectors
and highly-polluting sectors will reduce environmental burden in the country. On the other
hand, if tariffs are lowered for inputs generating high pollution like crude oil, then, the
intensified use of these inputs due to their lower prices will raise air pollution levels in the
country.

In both studies, the impact was calculated as the product of the exogenous change in
gross output due to tariff reduction® and the multiplier for each environmental variable. It
was found out that the reduction in tariffs will lower depletion for upland soils but at the
same time hasten the depletion of forests and mineral resources. It will also increase
emission of residuals, especially of air pollutants, which is mainly attributed to the increase
in consumption of crude oil and oil products of industries brought about by the reduction in

tariffs on imported oil products.
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The framework used in these studies bears the limitations -inherent in I-O modeling in
general, and to environmental impact analysis, in particular. We can see that the technology
coefficients, or the peso amount of each input required to produce a peso amount of a
sector’'s output, are fixed, implying constant returns to scale and therefore ignoring
economies of scale. Prices are also constant so that any increase in demand will not induce
technical substitution. Similarly, the environmental impact multipliers are also represented
as constant values for the entire simulation period. In reality, however, this is generally not
the case, and simulation results, especially those encompassing several years must be
interpreted with care. Furthermore, household consumption was considered to depend only
on labor income, although other sources, such as international remittances from overseas
contract workers, may contribute considerably to private cbnsumption expenditures.

Finally, imports in the model above are c‘onsidered to be fixed and unaffected by the -
change in final demand. However, the total amount of imports will increase as production
increases, depending on the import content of a sector’s output. In this study, therefore, we
attempt to augment the model above in terms of imports, and, in so doing, we will be able to

look at the domestic environmental impact of production within the I-O framework.

III. Imports and the Environment-Augmented I-O Model

" In equations (1) and (4), imports are an exogénous reduction in final demand. In
reality, however, they are highly dependent on other final demand components as well as on
the production structure represented by the Leontief inverse matrix. For simplicity, we will
use equation (1) as the starting point, augment it with respect to imporfs and then we

determine the impact on the environment, Vs, as shown in equation (7).
(7) V=¥ X [I— (I— M) A] " [(I—M) A Yp+E]

where M is a diagonal matrix whose elements in the diagonal are the import coefficients, and
where the second term on the right hand side of equation (7) is now the import-augmented
Leontief inverse matrix whose coefficients are now the gross domestic output multipliers.6
We assume here that the amount of exports is independent of imports.7 In equation (7), the
domestic environmental impact multipliers are now represented by ¥ X [I— (I—maA] Lt
The domestic environmental impact multiplier for a sector is now interpreted as the

amount of environmental burden on “domestic” air, water or natural resources arising from
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an additional unit of final demand. for each of the sectors of the economy. Its magnitude will
be especially relevant if we want to separately evaluate the impact on the “domestic”
environment and on imports of any government policies that favor expansion of output in
selected sectors. For example, if the government undertakes a campaign that will raise
investments and production in a highly pollutive sector, its domestic environmental impact
will be minimal if this sector is, at the same time, a highly import-dependent sector.
Moreover, by comparing our results with the model with exogenous imports, we can
determine if a considerable level of environmental burden is embodied in our “imports”, or if
we “export” a considerable amount of environmental damage and natural resource

depreciation.

IV. Description of Data

The initial task of this paper is to extract the 1994 environment-augmented I-O Table
for the Philippines, which was done by using the conventional I-O Table and the
environmental coefficients from ENRAP. The extracted environment-augmented 1-O Table
for the Philippines for 1994 is shown as Appendix A.

For the I-O Table, we use the I-O Use Table for the Philippines (1994) (in thousand
pesos and in current producers’ prices). It has data for 11 sectors and four primary inputs:
compensation of employees, depreciation, indirect taxes less subsidies and other value-
added. The final demand components are private consumption expenditures (PCE),
government consumption expenditures (GCE), gross fixed capital formation (GFCF),
current stocks (CS), and imports (IMP) and exports (EXP).

Perhaps the greatest barrier in evaluating the environmental impact of economic
activities is in the extraction of the coefficients for the environmental variables mentioned
above. For our purpose, we will use the only available, estimated national coefficients
derived from various studies under the Philippine Environment and Natural Resource
Accounting Project (ENRAP) for 1988, 1990 or 1992 (see Orbeta, Cortez and Calara,

1997)8 The coefficients of these environmental variables are presented as Appendix B.

V. Presentation and Analysis of Resﬁlts
V.1. The Environmental Burden Imposed by the Production Sectors and Households

Table 1 shows the impact of the economic structure on the environment in the



£ #E0k E2E

% W N W

118

‘seurddi[Iy ‘pIeog WOIeUIpIon)) souyse)s reuolieN ‘($661) o[98, O-1 oulddI[rygoys 10} Pue {(L66T) BIB[2) PUE Z310)) ‘BIAGI() ‘SIUSIOLFO!

9 [BJUSTUUOIIAUS X0, ;SN0 BIB(
SUOT3RINOTE) SIOYINY :90.1IN0§

'd xtpusddy ur punoj sjuspyiecd joedwll [RIUSWUOIIAUL 93 £q 3661 Ut jndino [ej0y Surd[dymu £q pesndwo) g
'sosad puesnoy) ut pessezdxe a1t Indyno ssoid pue ((193em)SH PUB (A1B)SH) SSOTATES o[qesodstp 91Sem [BJUSUIUOIIAUS pUe

‘seola1es DINJRU ‘(sedvwiep 19yem) safeurep uonn(iod J9tem {(sefewrep ire) sofemep uonnyod are ¢ (udop HN) uoneaIdep 80IN0SAI [BINJBN] F

, d ‘N “TIO ‘SAL 'SS ‘«I0d :S[enpIsal UoIssIws jusnfye umamg R

0D PU® DOA “XON X0g ‘N :S[ENPISaL UOISSIWDS 11y g

Jndino JISoUWOp [B)0) PIYIPOW §,103028 3y} JO s0s3d puesnoy} Jod SUOY SLIJBW UL PaInsesl o1 sfenpisey ‘T

:S930N
6L6°T9S 667°€ST'T 186751 Y3E'ILT £ev'9 ¥02'e8 L8899 89L°00L v8e'1e 99€'8 697'88 819'18¢ mdinQ ssoxx)
: (sosad uor[jrur ur)
08L'60¥‘1Z | 609°69€°2T 666'61% 9€€v92 631 LSV'LT 6LETHOT 18%°€93° 921°928'S §8g'698'€  GES'BIL 08T P¥9°g AN
(631°980°08) |(PEP'IEL D) 0 0 0 0 (LLE'TTT) 99€'q1e) (989°18¥'G) - (19L°L9¥‘E) O (989°286'9) (F038M)SH
(289'99L'Y)  [(630'699) [CiZa342) (9%5°99€) (631) (IT%'LS) (BVO'9ET'T)  (SE¥'13ZB)  (S08'08F) 039°08) (SES8TT) (L37'es) (@re)sH
0 079°LT9'S. 0 0 0 0 0 0 0 0 0 0 S90IAIOS 8aNjBN
(98SPLI‘T) (089°€59) 0 0 0 0 (695°9) (9%0°%¥) (4] (000°83T) 0 '(€88'96€) sefwvuue(] 1938 M
(G6°0L2°7)  |(e18'c01) [(Aga+9] (013°201) 0 (€96°62) (6L¥'003) (892°1€2) (€93°9L) (L£8) 0 0 sodewre(] Ty
0 0 0 0 0 0 ) 0 0 (SEL°98T) (068°€1€)  (LL8'SLB'9)  (989FLL) uds( YN
(sosad puesnoyy ur) ’
%€6°L0% 0L0'€Z 0 0 0 0 0 0 0 LT19'8 0 §9Z°e1T d
120°L1¢ SPL°08 0 0 0 0 0 0 0 963'6¥g 0 62L602'T N
0 S18°€0T 0 0 0 0 0 £30°12 0 0 0 0 o
0 0 0 0 0 0 0 »02‘110°2 0 0 0 0 SA.L
091'6£6°2 EPL'LBET 0 0 0 0 0 8€%°L13 9L9'389°2S LLV'6LIOFT 0 9€L'BLI'TET S8
LLY'967°9 Z¥8'6L0‘E 0 0 0 0 0 885113 0 198°80L 0 9€6°102'3 <qog
018'136°L1 488931 989% 11 06¥%°0L 0 0 0 SYP'90¥ 31301 6099 08L'6 6¥H°IT 0D
3897¥8'S SLY'LG SPL'8E 98831 ¥9 0 0 LLOOL 193°'LT 880°T 8€9'e 918‘¢ DOA
31€'303 0L0'€% L¥E'ET 98821 0 0 0 26078 €1L'03 $eeT'1 S19°'01 918'¢ XON
66085 9e9'TT 8¥6'€T L8T'S 0 0 0 801'86 69098 209 80€‘g 0 x0g
1081992 988°9ZT LYE€'9% %E8°6TT 0 0 0 %62°99% £09°88 ¥00°1 0 0 Wd
*(SU03 DLW Uy } spenpisay
(Z0)HH 1T ot 6 8 L 9 g ¥ € 4 1 O[qBLIBA
. I03008 © goedwy

(¥661) seurddifiyg ‘10300g xad jovdw] [ejUsWIUOIIAUY ‘T [qB],




The Environmental Implications of the Philippine Economic Structure:An Input-Output Analysis 119

Philippines in 1994. The values are derived by multiplying gross output (Appendix ‘A) by
the environmental coefficients (equation 5). The total impact on air residuals (PM, Sox,
Nox, VOC and CO) and water residuals (BOD5, SS, TDS, Oil, N, P) are expressed in metric
tons, while natural resource depreciation, air and water damages (ED-air and ED-water),
nature services (NS), environmental waste disposal services (ES-air, ES-water) and net
environmental benefit (NEB) are expressed in thousand pesos.

First, for air pollution, the manufacturing I and II sectors are the highest emitters of
particulate matters (PM), volatile oxygen compound (VOC) and carbon monoxide (CO).
This can be attributed mostly to the high value of gross output from these sectors (700,768
and 556,887 million pesos respectively, see Appendix A), and partly from their relatively
high environmental coefficients (see Appendix B). The construction sector also has high
total emission levels of PM mainly because of high emission coefficients. Other than the
manufacturing and construction sectors, mining and quarrying, transportdtion, and other
services sectors emit very large amounts of CO due to high emission coefficients. CO is
emitted by motor vehicle exhaust, other non-road engines and vehicles (such as construction
equipment and boats) as well as industrial processes (such as metals processing and
chemical manufacturing), residential wood burning, and natural sources such as forest fires.

For water pollutants, the agricultural sector emits considerable amounts of most of the
residuals measured, such as biological oxygen demand 5 (BODs), suspended solids (SS),
and nitrogen (N).BODs is a measure of oxygen depletion in water bodies that is crucial for
fishes to surv@ve and anaerobic microorganisms to flourish, while suspended solids make
water bodies become shallow, and encourage the increase of anaerobic microorganisms.
Anaerobic microorganisms produce foxic and smelly ammonia, amines and sulfides, as well
as flammable methane (swamp gas). The agricultural sector also emits high amount of
nitrogen, which causes undesirable growth of aquatic weeds, thus making the water bodies
unsuitable for swimming and boating. Moreover the intensive use of pesticides, herbicides
and fertilizers also contributes considerably to water pollution. The large amount of water
pollution in the agricultural sector can be attributed both to the relative size of this sector
and to the relatively high pollution coefficients. Other sectors that greatly contribute to
water pollution are (1) forestry (especially SS and N), (2) mining and quarrying sector
(for SS), (3) manufacturing sectors and (4) other services sector (for BODs and oil). Our

findings reiterate the need for water sewage system or filtering plants in these highly
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pollutive sectors.

With regards to natural resource depletion, the fisheries sector imposes the heaviest
burden, compared with other naturai-resource inténsive sectors like agriculture, forestry
and mining and quarrying. From our estimates, the amount of water resources decreased by
6,975 million pesos, which is at least 9 times the amount of depreciation of other natural
resources. This problem is partly attributed to the problem of clear property rights in
fishing grounds relative to property rights for forests and quarries.

Air damages, which refer to the health and non-health impact of air pollution, are very
considerable in the two manufacturing sectors. On the other hand, for health and non-health
damages arising from poor water quality, about three-fourths originated from the
agriculture, mining and quarrying, and other services sectors. From these observations? we
suggest the implementation of institutional regulations that will require factories to employ
technology which emit less air residuals that cause health and non-health damages, or take
necessary and additional procedures that will purify air and water disposed by factories. It
must be noted that at present, such regulations are either lacking or not successfully
implemented in the country.

The total cost of environmental waste services (ES) for air, which is the abatement
cost of 90% of air pollution, is very high in the two manufacturing sectors, again mainly
because of the high amount of their gross output and high impact cqefficients (—0.00317
and — 0.00204 respectively). On the other hand, the natural-resource intensive sectors
(égriculture, forestry and mining and quarrying) as well as the other services sector have
high abatement costs for water pollution (ES-water). For natural-resource intensive sectors,
abatement costs for water pollution per thousand pesos of output are more expensive than
for air pollution; while the reverse is generally true for the rest of the sectors. This
suggests that effective environrﬁental management should prioritize water pollution control
in natural-resources and the other services sectors, while air pollution control must be the
focus in the rest of the sectors, particularly in the tv-vo manufacturing sectors.

Finally, the net environmental benefit (NEB), which is one, although incomplete,
measure of the net social cost of polluting, and an indicétor of the “wisdom” of imposing
pollution reduction measures, is positive for all sectors, which suggests that it will be more
expensive to spend for abatement cost of pollution rather than the estimated cost of health

and non-health damages it will inflict. This finding, however, must be taken cautiously
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because a possible reason for this result is the limitation in the scope of health and non-
health damages that can be quantified.

It is also important to look at the magnitude of air and water pollution‘ as well as
natural resource depletion imposed by households, which are shown in the last column of
Table 1. Compared to all production sectors, the households emit very high amounts of
) particulate matters (PM), nitrogen oxide (NOx), volatile oxygen compound (VOC), carbon
monoxide (CO), biological oxygen demand5 (BOD5), and phosphorus (P). Health and non-
health damages arising from air and water pollution (ED-air and ED-water) as well as the
cost of sefvices required to eliminate 90% of air and water wastes (ES-air and ES-water)
are also significantly higher than any production sector. These results can be explained by
the large share of PCE to final demand, and therefore, to gross output, as well as their high
‘emission  (impact) ~coefficients. Therefore, any successful national drive towards
environmental protection would require the involvement of these consumers, either by
‘encouraging them to reduce air and water residual emission intensities through education,
and by implementing measures that will prevent air and water residuals from households
from polluting water bodies and the atmosphere, such as the construction of water sewage
filtering treatment system especially in well-populated areas. Moreover, further studies on
the consumption and pollution emission patterns/behavior of household’s are relevant if we
are to effectively implement environmerttal programs on the national level.

In summary, our results show that light and heavy manufacturing sectors are the main
contributors to air pollution, while the agricultural and other services sectors impose the
greatest burden to water resources. These can be attributed to the following three factors.

(1) High share of the outputs of these sectors to total output (see Appendix A);

(2) High linkage of these sectors and the other sectors (see Carlos, 2000): and

(3) High environmental coefficients (see Appendix B).

Our results imply that (1) as these sectors continue to make up for a large part of the
economy, (2) as the government promotes growth biased towards sectors that are highly
interlinked with these sectors, and (3) as the environmental coefficients remain high, then
the environmental burden arising from these sectors will remain high. To further explain
these observations, we derive in V.2. the output and environmental impact multipliers,
which will help us evaluate especially the environmental impact of economic policies that

will selectively raise final demand for different sectors.
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V.2. The Output Multipliers

Table 2 shows the sectoral output multipliers in the models with exogenous imports
(Model A) and endogenous imports (Model B), derived as the column sum of [I-A] ™! and
(1. (1-M) A] ~! for Models A and B respectively. The sectoral multiplier in Model A gives us
the total value of GROSS OUTPUT required by the entire economy (all sectors and
including imports) due to the change in final demand in that sector. For example, a peso
worth of additional final expenditure on agriculture will yield a 1.5650 increase in GROSS
OUTPUT.? On the other hand, the values in model B will ‘give us the effect of a peso
increase in final demand on DOMESTIC OUTPUT for the 11 sectors. The output multipliers
for Model A range from 1.5325 to 2.6865, while for Model B, the range is from 1.2485 to
1.9077. The difference obviously arises from the “leakage” of output in the form of imports
and therefore of environmental burden to the producers of output imported by the

Philippines.

Table 2. Output Multipliers in the Philippines (1994)

Sectors Model A {(I'A)"} [Model B {{I-(I-M)A)* Difference Share of Share of
Exogenous Imports | Endogenous Imports { Model A- Model B Imports (%) Domestic Goods (%)
1 Agriculture 1.5650 1.3548 0.2102 0.0224 0.9777
2 Fishery 1.6453 1.3779 M 0.2675 0.0024 0.9977
3 Forestry 1.5210 1.2485 0.2726 0.0030 0.9970
4 Mining and Quarrying 2.0190 1.4910 0.5280 0.7294 0.2706
5 Manufacturing 1 2.2569 1.9077 0.3492 0.1699 0.8301
6 Manufacturing 2 2.6865 1.6209 1.0656 0.5174 0.4826
7  Electricity and Gas 2.1847 1.4469 « 0.7378 0.0000 1.0000
8 Waterworks 1.5325 1.2870 0.2454 0.0000 1.0000
9 ' Construction 2.0886 1.4803 0.6083 0.0258 0.9742
10 Transportation Service 2.3092 1.5814 0.7278 0.0343 0.9657
11 _Other Services 1.6630 1.4310 0.2320 0.0450 0.9550
‘Notes:

1. In Model A, the output multiplier can be interpreted as the increase in TOTAL output arising from a one unit increase in final demand.
2. In Model B, the output multiplier can be interpreted as the increase in DOMESTIC output arising from a one unit increase in final demand.
Source: Author's computation from the Philippine I-O Table (1994).

For model A, the manufacturing 2 sector (heavy industries) generated the highest
multiplier (2.6865) followed by the transportation services (2.3092), manufacturing 1
(light industries), electricity and gas (2.1847), and construction (2.00886). This suggests
that policies which will raise the final demand for these sectors will require very large
amount of gross output compared to those intended for the resource-intensive sectors
(agriculture, fishery and forestry). This becomes one of the basis for manufacturing-led
economic growth strategies or industrialization.

However, Model A does not consider the amount of imports that will be required for
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the production of the additional unit of final demand. If the share of imported inputs is high,
then, the impact on the domestic economy will be low. Compared to the values in Model A,
the values obtained in model B are significantly low especially for the heavy manufacturing
industries (manufacturing II). The difference can be explained by the high import content of
output in these sectors (see last two coluinns of Table 2). This suggests that manufacturing
-led growth strategies will have serious implications on the economy by draining it of
foreign reserves used to pay for the required imports.

From the third column of Table 2, we can also see that the multipliers decreased by at
least 0.5 points when we use model B for the following sectors: transportation services,
electricity and gas, construction and mining and quarrying. In the case of the first three
sectors, although their import contents are not that high (and even zero), additional demand
in these sectors require inputs from other sectors that are import-intensive (for example,
the manufacturing sectors). |

Another observation from this study is that the difference beétween the output

' multipliers using model A and model B is not so wide for natural-resource intensive SeCtE)l’S'
(except mining and quarrying) because, compared to most of the sectors, their import

contents are minimal and they have weak linkage with other sectors.

V.3. The Environmental Impact Multipliers

The environmental impact multiplier is useful in projecting the impact of an additional
unit of final demand for a sector’s output on the domestic environment.

The values in Table 3 are the domestic environmental impact multipliers, computed
from v X [I— (I—M) Al _1, and are interpreted as the effect of a change in a thousand peso
final demand from each of the sectors of the economy. For example, the value 0.00007 for
particulate matters (PM), sector 1 (agriculture), is the amount (in metric tons) of
particulate matters induced by an additional thousand peso of final demand in sector 1. Note
that although the environmental coefficient for PM in sector 1 (agriculture) (refer to
Appendix A.2.) is 0.00000, the additional final demand in this sector will affect other
sectors through its interlinkage with other sectors. As production is induced in these related
sectors by the additional final demand in agriculture, PM is emitted. In other words,
although production in agriculture will not generate PM per se, a thousand peso change in

final demand from this sector will result in the use and production of inputs from all the
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other sectors, and in the process, “indirectly” generates PM for the amount of 0.00007
metric tons/thousand pesos.

We focus our analysis on how decisions on which sector an additional final demand is
used will affect the different types of air and water pollution residuals, natural resource,
pollution damages as well as the cost of waste disposal services. Evidently, the
environmental effect will be varied due to the difference in the values of the environmental
coe.fficignts (v), the strength of interlinkage among the sectors (A), and the import contents
(M) in these sectors.

First, for air residuals, we can see that an additional final demand of one thousand
pesos in the mining and quarrying sector (instead of being used in the other sectors) will
emit the highest levels of PM, Sox, VOC and CO, even though this sector is highly import-
dependent. For water residuals, the manufacturing 1 sector emits very high levels of all
water residuals. Therefore, any poliéy that will raise the final demand for output produced
by this sector instead of those by the other sectors will result in more serious water
pollution. Another sector in which the change in final demand will greatly aggravate water
poliution is the other services sector, which includes retail and wholesale trade, real estate,
business services, education, restaurants and hotels, recreation and cultural services and
personal and household services. If, as income increases due to economic development, a
larger portion of it is used for manufacturing or other services sectors, then, we can predict
that water pollution will worsen, and therefore, will greatly necessitate the implementation
of measures that will alleviate it, such as the construction of water sewage/ filtering
systems and regulations on water waste disposal (like the ISO scheme) for these sectors.

Comparing the multipliers for air and water residuals in agriculture, generally, water
pollution is a more severe problem than air pollution in this sector. This is a result of
rampant use of fertilizers and pesticides to increase farm production, and from the lack of
facilities in farms that will filter the chemicals and prevent them from flowing into water
bodies. This is a great concern for the Philippines in which large areas are still used for the
cultivation of agricultural products. Moreover, we can also predict that an agro-industrial
growth strategy will highly pollute the country’s water resources, unless the necessary
water-pollution reducing policies are simultaneously implemented.

For natural resource depreciation, the impact multipliers in fishery and forestry sectors

are obviously very large. For health damages caused by air pollution, additional demand in
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mining and quarArying seem to have the greatest impact, followed by the construction sector.
An additional final demand in the forestry and agriculture sectors will produce relatively
significant health and non-health damages due to water pollution. Generally, damages arising
from water pollution are higher than those from air pollution, but this may be the résult of
insufficient data that can measure these damages, especially non-health damages brought
about by air pollution.

Finally, we can also evaluate the cost of eliminating air and water pollution (with an
abatement cost of 90%) if an additional final demand is spent on each sector, and this is
represented by the impact multipliers for ES-air and ES-water. The mining and quarrying
sector require higher cost of eliminating air pollution, because it emits considerable amount
of air residuals. It is followed by manufacturing 1 sector, which, other than having
relatively high air residual multipliers, is also highly linked with the other sectors. Also, the
cost of eliminating water pollution per additional thousand pesos of final demand is very

high for the forestry sector.

VI. Summary and Policy Implications

The main aim of this paper is to assess the environmental impact of the economic
structure of the Philippines. First, we extracted the environment-augmented I-O Table for
1994 for the entire Philippines. Second, using the environmental impact coefficients derived
in Mendoza (1996) and Orbeta (1999a and 1999b), we estimated the total environmental
impact of gross output for 1994. We also identified the sectors that emit the greatest
amount of environmental variables using the environment-augmented I-O Table we extracted
above. The environmental impact depends on the relative size of this sector in the entire
economy, the strength of the interlinkage between this sector and all thé other sgctors of the
economy, and the emission levels/cost/damage per one thousand pesos of output (or the
environmental coefficients) . From our resulfs, we have seen that the manufacturing sectors
emit the highest levels of air and water residuals.

Third, we proposed an import-augmented, environment-augmented [-O model and used it
to estimate the environmental impact of domestic production. We have seen that the output
multipliers are greatly reduced if we exclude the increase in imports arising from additional
final demand for each of the sectors.

Finally, we analyzed the output multipliers and the environmental impact multipliers,
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which represent the impact of additional final demand on gross outplit and the environment
respectirely, and estimated the impact of having endogenous imports on the domestic output
and domestic environment. This exercise is especially important if we want to know how an
economic policy to be implemented will affect the environment, or if we want to decide on
which sector may be chosen to lead an environment-friendly (sustainable) economic
development, bearing in mind the existing trad.e-off between outpulf and its environmental
burden.

Some of the vital policy implications we have drawn from this study are as follows: (1)
Air pollution level is higher than water pollution level in the Philippines, and thus, the
reduction of air pollution is a more urgent problem that government policies must deal with;
(2) Among the sectors, the manufacturing sectors (light and heavy industries) are the
largest emitters of afr residuals. As the shares of these sectors in the total economy
increases, total emission will also increase, thus the need for stricter environmental policies
based on incentives, like charging firm polluters based on the amount of their emissions. (3)
The 4 primary sectors (agricultural, fisheries, forestry and mining and quarrying) impose
heavy load on the environment, in the form of natural resource depreciation and water
pollution. In these sectors, the imposition of quantitative restrictions may be more feasible
and effective than policies based on incentives like collection of logging or fishing fees. For
the agricultural sector, collection of fees for water pollution due to the use of pesticides may
be.difficult to implement unless it is imputed in the price of pesticides. (4) The household
sector is a potential big source of éir and water pollution. Therefore, policies geared
towards the reduction of household’s solid wastes and air and water pollution emissions in
well-populated areas, and natural resource depreciation in the provinces must be prioritized
by the government. In this regard, garbage segregation and environmental education must be

implemented in schools and local communities.
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Notes

1 For details about its derivation, refer to Miller and Blair (1985) and Miyazawa (1995). Although the
1-O framework has its limitations of constant returns to scale and fixed technical coefficients, it is a
popular method of measuring the impact of government policies on gross output and returns to value-
added components on the sectoral level. Here, we can identify the sectors which are highly favored or
disfavored by any economic policy in terms of output, employment generation, environment, etc.

2 Market-valuated NRs are included in the impact analysis as natural resource depreciation.

3 It must be noted that labor income is not the only source of change in PCE in the Philippines.
International remittances can also be a considerable source of increase in PCE.

4 This is due to lack of data and/or its inelusion in the other services sector.

5 The values for the change in gross output were derived from a CGE analy51s on tariff reduction
program by Cororaton (1998) (see Orbeta, 1999b).

6 For simplicity, we assume that exports have no import components.

7  The analysis will be more complete if import contents of exports are also included.

8 For a summary of the sources of these data, see Carlos (2001).

9 It must be noted that our results will not include the additional output induced by an increase in
household consumption arising from additional income generated by an initial unit increase in final
demand.
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