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Environmental Impact of Trade Liberalization and Exchange Rate Policy on   
Industrial Water Pollution and Groundwater Depletion 

 
Abstract 

 
Environmentalists and economists alike have assumed that greater 

economic openness will lead to increased industrial pollution in developing 
countries.  This paper argues that trade liberalization does not necessarily result in 
more pollution intensive industrial development using the case of two economic 
centers in the Philippines.  The study links changes in trade and exchange rate 
policy to the environment by identifying the environmental damage likely to be 
aggravated by the policy change through its effects on water usage.  Specifically, 
it examines whether and in what way will trade liberalization and exchange rate 
policy affect water pollution and groundwater depletion.  Results of a partial 
equilibrium model, which relates changes in industry outputs to changes in their 
effective rates of protection (EPR) and changes in the real exchange rate, are 
linked to firm level data for Metro Manila and Metro Cebu on water pollution, 
water use intensities and source of water.   

 
Simulations of the impact of trade liberalization with fixed and flexible 

exchange rate policy show that the national average pollution intensity (and 
consequently environmental damage) of production decreases as resources are 
reallocated toward production of less pollutive industries.  Results further show 
that cleaner environment is not necessarily achieved at the price of lower growth.  
It appears that cleaner environment can be achieved at an overall lower pollution 
abatement costs per unit of output.   

 
Growth or decline in the outputs of the more water intensive and potentially 

more pollutive manufacturing industries have implications on both water usage 
and on water pollution.  The study shows that groundwater mining will continue 
in the water scarce Metro Manila at a relatively slower pace as outputs of the less 
water intensive industries grow.  In Metro Cebu, groundwater depletion will 
continue at an accelerated pace as outputs of the more water intensive industries 
increase.  Given the fact that groundwater extraction is practically unregulated and 
unpriced, water usage and source patterns indicate that while trade liberalization 
results in overall less pollution intensive industries, groundwater depletion will 
continue.  The findings call for strengthening and putting in place of appropriate 
environmental policies to complement trade liberalization.       
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I.  Introduction 
 
 The unregulated industrial water discharges are major sources of degradation of rivers in 
Metro Manila.  In the Pasig River system for instance, it is estimated that  about 30 percent of 
the organic pollution is due to industrial waste discharges coming from over 150 firms along the 
river banks found to be polluting the river in varying degrees (J. Montgomery 1990).  In the 
Malabon-Tullahan River system, about 42 percent of the water pollution is coming from about 
1000 industrial firms along the river banks.  Other primary causes of degradation of rivers in the 
metropolis include domestic waste, oil spills, and siltation due to deforestation and bank erosion 
(J. Montgomery 1990).   
 
 A survey conducted by the Philippine German Project Industrial Pollution Control - 
Cebu (PGP-IPCC) on the state of electroplating shops in Metro Cebu in 1993 reveals that the 
platers are producing the most toxic and hazardous waste compared to other IPCC surveyed 
industries.  Even more alarming is that the platers do not have treatment as well as storage 
facilities and are indiscriminately discharging in nearby rivers and canals.  Since the 
electroplating industry provides an essential support service to other industries ranging from 
plating of microchips for the electronics industry to enhancing product durability and physical 
appearance for furniture and fashion accessory to domestic use such as plating of faucets, 
utensils, ballpen, doorknobs, hammer and nails, etc. (PGP-IPCC 1998), further environmental 
damage will ensue unless this problem is addressed.  This observation on the electroplating 
industry may well describe the situation for most industries in Metro Cebu which are without 
wastewater treatment plants and are conveniently discharging to rivers.      
 

Leading sources of organic pollution from the industrial sector are livestock production 
for biological oxygen demand for five days (BOD5), suspended solids (SS) and nitrogen (N); 
food and beverage manufacturing for BOD5, total dissolved solids (TDS), and oil and grease; 
leather production for chromium and SO4; fertilizer production for phosphorus pentoxide, 
fluoride and sulfate;  cement for total organic compounds and ammonia; and iron and basic 
industries for potassium (ENRAP 1996).  Table 1 shows that food manufacturing tops the list, 
contributing much to organic pollution in the entire country.  This sector is followed by 
beverage, tobacco, textile, paper and paper products, and chemicals and plastic products.   

 
Health damages attributable to polluted water include incidence of water-related 

diseases like diarrhea, typhoid, hepatitis, poliomyelitis and schistosomiasis while nonhealth 
damages include decreases in fish yields due to siltation of coral reefs and the introduction of N 
and P on inland waters.  Available estimates of human health and nonhealth damages from 
water pollution are quite substantial (ENRAP 1996), indicating large potential benefits of 
industrial pollution control.  With the opening up of the economy through the continuous efforts 
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in liberalizing trade for over a decade now, rapid growth in industries - highly pollutive and less 
pollutive alike - may be expected. 
 
 Another and less tackled issue is that on groundwater depletion.  Many areas not reached 
by the piped connection turn to alternative sources which are primarily groundwater sources.  
Among the industrial firms in Metro Manila, over 80 percent of total consumption is self-
supplied or water from their own wells (Table 2a).  Even for some of these firms which are 
connected to the Metropolitan Waterworks and Sewerage System (MWSS), the water utility 
supplying piped water in Metro Manila and other nearby province and cities/municipalities, 
water supply is supplemented with water from deepwells.  It has been shown (J. Montgomery 
1990, JICA 1992) that water level in the aquifer has been declining continuously due to the over 
extraction of groundwater.  Estimates of the decline in the groundwater level ranged from 4 to 
10 meters per year and in many areas the groundwater level is already 40 to 100 meters below 
the Bay sea level (J. Montgomery 1990).  An available estimate of well abstractions in 1984 
shows that about 750 million liters per day (mld) is being drawn while the estimated recharge 
rate is only about half of this amount.  This was believed to be causing seawater intrusions in 
the adjacent parts of the aquifer system and significant increases in salinity of wells in most 
coastal areas in Metro Manila within the 1.5 km from the shoreline and smaller detected 
increases up to 4 km from the bay.  While a more recent estimate of recharge is higher at about 
500 mld (JICA 1992), estimated groundwater withdrawals still well exceed this amount.  
 
 The case of Metro Cebu may be worse than Metro Manila in terms of groundwater 
dependence since even the piped water from the Metropolitan Cebu Water District (MCWD) is 
obtained mainly from groundwater sources.  Table 2b reports the total abstractions of the water 
utility servicing the area as well as the private abstractions for different uses.  The 1990 estimate 
shows that only about half of the requirements of industrial firms is supplied by MCWD and the 
other half is from own wells.  While the industrial water requirement is much smaller relative to 
the total demand, it is adding to the pressure on the groundwater resource as water becomes the 
major constraining factor in the economic growth of the metropolis.  With the limited supply 
from the water utility, growth in the industrial sector implies more private abstractions.  
Available estimates of total groundwater withdrawals for 1990 already range from 235 to 243 
mld (CIADPS 1994; Haman 1991; Walag 1996) while estimates of the natural recharge rate 
range from 130 to 160 mld (CIADPS 1994; Haman 1991; Walag 1996; JICA 1998), implying 
an excess pumping of over 30 percent to almost half of total withdrawals.  
 

With the growing concern for the environment, and the country's direction towards more  
liberalized trade, the following issues become of interest:  (a)  the environmental impact of trade 
liberalization, (b)  the appropriate environmental policies under a liberalized regime, (c)  the 
extent trade policies substitute for first best instruments in addressing environmental 
externalities, among others.  The alarming state of the water resource especially in the urban 
centers and given that it provides greater unpaid for environmental waste disposal service 
(relative to air) to industrial firms justifies a closer look at trade policy impact on the resource.  
Whether and to what extent trade liberalization and exchange rate policy affect the 
environmental characteristics of water (quantity and quality) depends on the patterns of water 
use intensity, and pollution loads and pollution intensities among the industries favored or 
disfavored by trade reforms.  The growth of the economy arising from trade liberalization may 
be (or may be not) increasing the absolute level of pollution.  It would be worthwhile to know 
whether trade liberalization is in fact, encouraging production of more pollutive industries and 
discouraging production of less pollutive industries or vice versa. 
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This study aims to link changes in trade and exchange rate policies to the environment 
by identifying the environmental damage likely to be aggravated by the policy change through 
its effects on water usage  (e.g. worsened surface water pollution and groundwater mining).  
The paper examines whether and in what way will these macro policies aggravate water 
pollution, deterioration of quality and depletion, i.e., will it accelerate groundwater depletion 
which in turn will contribute to saline intrusion, and eventually land subsidence?  Or will it 
encourage water-intensive industries which are highly pollutive?  Specifically, this study aims 
to:  (1) characterize water use patterns, sources, and usage intensities of manufacturing sector 
and classify the sectors by their pollution potential; and (2) assess the impact of trade 
liberalization (or a general reduction in effective protection rates or EPR) with fixed and 
flexible real exchange rate on the economic structure of the manufacturing sector and 
consequently on water quality deterioration and pollution and resource depletion.  
 

This paper differs from an earlier study by Medalla and Intal (1996), which link trade 
and environment, as it focuses on the manufacturing sector only which comprises much of the 
industrial sector in terms of output and employment and specifically looks at the implications 
on the water resource and on water pollution.  Medalla and Intal studies looked at both air and 
water pollution.  By focusing on water, this paper may provide more insights as it uses survey 
data1 on water use and sources for the manufacturing sector for Metro Manila and Metro Cebu 
to complement available estimates of prospective abatement costs (Orbeta and Indab 1997) in 
examining the impact of trade on the environment and the natural resource.   

 
In addition, the national level analysis made by Medalla and Intal may downplay the 

urgency of the problem in key areas since the water pollution problem is more location specific.  
That is, water pollution may be more serious in Metro Manila and other major urban areas 
where the manufacturing industries are clustered than in other areas in the country with less 
economic activity.  Aside from linking trade and the pollution problem, this paper also points to 
the link of trade policies and the problem of resource depletion by linking the change in the 
structure of the manufacturing outputs and the self-supplied industries which obtain water from 
groundwater sources. 

 
 The succeeding discussions proceed as follows:  Section II presents the framework of 
analysis while Section III reviews the trade and exchange rate policies in the country.  Section 
IV discusses the water use and sources, water use intensities, and pollution potential using date 
Metro Manila and Metro Cebu surveys and the prospective water pollution abatement costs 
estimated by ENRAP.  Sections V and VI report the results of this study while the last section 
gives the conclusion and policy implications.   
 
 
II.  Framework of Analysis 
 

This section provides the framework of analysis for linking macroeconomic policies 
particularly trade liberalization and exchange rate policy to the environment and natural 
resource.  The framework in this study follows mainly that of Medalla and Intal (1996).  Figure 
1 illustrates the framework in its simplest form.  The framework consists of three components:  
the macro policies, the transmission channels and mechanisms, and the impact on the 
environment and natural resources.  Trade liberalization and exchange rate policies are two 
macro instruments which are believed to impact on the environment and natural resources, 

                                                                 
1 The survey initially intended to get information on abatement costs, however most of the firms surveyed hardly  
answered the pollution-related questions making computation of abatement costs not feasible.  
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specifically through water resource degradation and depletion, via some transmission channels 
and mechanisms. 

 
Trade liberalization lowers tariffs and removes non-tariff barriers to international trade, 

and thereby changes relative prices.  The change in prices in turn changes the relative 
profitability across various industries.  In a multisectoral economy with both exportable and 
importable sectors, non-uniform tariffs and nontariff barriers lead to uneven protection across 
sectors, thus effecting a flow of resources from the less to the more profitable sectors.  For 
instance, protection of an importable sector which is more pollutive (i.e., with high 
environmental costs) is increased through increased tariffs on imports competing with the 
output of said sector.  Resources will be expected to flow to the protected sector from the rest of 
the economy resulting in misallocation due to trade distortion.  On the other hand, the effect on 
the environment may be favorable if the protected sectors are those with lower environmental 
costs or are less pollutive.          

 
The impact of a real depreciation of the peso is to raise the price of tradables, which 

include exportables and importables, relative to those of nontradables.  A currency depreciation 
makes imported products expensive relative to domestic goods and may increase real prices of 
outputs.  This policy makes the tradable sectors more attractive relative to nontradable sectors, 
inducing a flow of resources from the latter to the former.  Assuming depreciation will increase 
the relative costs of those sectors whose pollution loads comprise a significant share of total 
pollution, making it more difficult to meet existing standards, there is then the question of what 
type of industries in terms of pollution potential or environmental impact would be encouraged 
by the currency depreciation.   

     
 A modified Chunglee model which estimates the impact of trade liberalization with 
fixed and flexible real exchange rate on the industry structure and output and input prices, 
which in turn affect profits and profitability, was applied by Medalla and Intal (1996) (see 
Annex 1 for the outline of the mathematical presentation of the model).  It is a partial 
equilibrium2 model which links changes in industry outputs to changes in their effective rates of 
protection (EPR) and changes in the real exchange rate.  The model takes into account changes 
in tariffs (or tariff equivalents in the case of quantitative restriction removal) brought about by 
trade reforms and these changes result in corresponding changes in the effective protection rates 
(EPR).  The changes in EPR induce corresponding changes in output where supply elasticities 
are given, which in turn implies changes in income and consequently changes in final demand 
(given income demand elasticities).  In addition, the changes in tariffs affect the output prices 
which would induce changes in demand given price elasticities.  Changes in supply and demand 
are translated into changes in trade balance under a fixed exchange rate assumption while in a 
flexible exchange rate regime, the exchange rate serves as the mechanism for restoring the 
original trade balance. 
 

The environmental impact of trade liberalization and exchange rate policy is assessed 
indirectly through the effects on the structure of the manufacturing sector linked to water usage 
characteristics of the manufacturing firms and then to reduced or increased pollution, 

                                                                 
2 The model is partial equilibrium as it assumes zero cross-price elasticities and cannot incorporate investment 
behavior which then limit the analysis to comparative static and short-run impacts.  Despite these limitations, the 
model has a multi-sectoral, input-output framework and highlights the variation in EPRs across sectors thereby 
allowing to some extent linkages across them.  Intal, et al. (1995) argues that this kind of analysis is relevant 
because policymakers are more concerned with short-run adjustment costs of reforms which have long-term 
benefits. 
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groundwater depletion and water quality deterioration, i.e., impact on groundwater 
resources/stocks and water pollution. Trade and exchange rate policies influence rate of 
resource depletion and degradation.  By changing relative prices of outputs, these macro polices 
can accelerate resource depletion or degradation.  Higher price of output which increases its 
profitability encourages more resource extraction leading to hastened resource depletion.         
The environmental effect can be looked at in two ways:  (1) as additional pressure on the 
already mined water resource and (2) the pollution impact which in turn affects the available 
resource.  Specifically, the change in the manufacturing output structure brought about by trade 
liberalization and exchange rate policy is linked to pollution and water use intensities, defined 
as the ratios of prospective pollution abatement costs3 and water usage to values of output. 

 
Comparing across manufacturing sub-sectors, higher (lower) pollution intensity implies 

more (less) pollutive firms comprising the manufacturing sector, thereby requiring greater 
(lesser) costs in abating pollution.  Consequently, the absence of mechanism for internalizing 
environmental costs implies subsidies to the sector concerned.  So, the higher the environmental 
costs, the higher the implicit subsidy.  Similarly, more water using industries would have higher 
water use intensities.  Given the water source, higher water use intensities will mean more 
pressure on the resource and this is more felt in the case of groundwater sources which are 
already mined.  

 
A change in manufacturing output structure brought about by trade liberalization, 

implies that outputs of the different sectors either contracted or expanded and correspondingly, 
the total abatement costs and water usage for the whole manufacturing sector also changed.4  
Thus, the change in the output structure of the whole sector brings about change in the pollution 
and water use intensities for the whole sector.  The manufacturing sector pollution and water 
use intensities rise or decline depending on whether the favored sectors are more pollutive 
and/or water intensive or not.  Higher intensities (relative to the scenario without trade reform) 
resulting from trade liberalization and exchange rate policy change imply a new output structure 
which is composed of more industries with relatively higher prospective abatement costs and 
which are more water intensive.  Lower intensities on the other hand, imply increased in outputs 
and number of industries which are relatively less pollutive and less water intensive.   
 
 
III.  Trade Policies in the Philippines 

 
Major trade-related policies are reviewed in this section to see how these policies 

changed over time and to illustrate the phase of government’s efforts towards greater trade 
liberalization and perhaps understand better their impact on the industry structure.  The pattern 

                                                                 
3 The prospective cost of reducing (both air and water) pollution to a nondamaging/non-polluting level (based on 
established environmental quality standards) is used to approximate the value of environmental waste disposal 
services (EWDS) or the value of the services that the environment provides as a waste receptor which is often 
times not valued in the production of industrial goods.  The use of prospective cost as proxy variable for EWDS 
assumes that polluters are rational and can exercise control over the amount of pollution discharged.  In the absence 
of actual information on the environment’s assimilative or carrying capacity or the nonpolluting/nondamaging  
level, the 10 percent of pollutant discharges from the industry is assumed based on the efficiency of pollution 
control devices which ranges from 90 to 99 percent (ENRAP 1997).  
 
4 An important assumption in this model is that pollution and water use intensities per firm or sub-sector (at 3 or 4 
Philippine Standard Industrial Code.or PSIC level) are assumed to be constant implying no technology change but 
overall manufacturing sector pollution and water use intensities can vary with the change in output composition of 
the manufacturing industry.  
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of trade policy reforms in the Philippines shows that the country’s policy environment has 
undergone a gradual shift from a protectionist and inward-looking to a more open and outward-
looking orientation.  Whereas the initial reforms in the 1960s were largely uncoordinated 
attempts essentially brought about by economic and political events (Alburo and Shepherd 
1985), more recent policy pronouncements illustrate a commitment towards more trade 
liberalization.  Major trade liberalization efforts characterized by a combination of tariff reforms 
and import liberalization, were initiated in the early 1980s and continued in the 1990s. 

 
The trade reform policy (TRP I) implemented from 1981 to 1985 was the first major 

attempt at reforming trade.  It aimed to reduce the nominal tariff range of 0 to 100 percent to a 
narrower range of 0 to 50 percent by 1985.  This reform implied targeting a narrower effective 
protection rate (EPR) range of 10 to 80 percent compared to the pre-1981 structure that 
extended from negative EPRs to over 200 percent for some consumer goods (Alburo and 
Shepherd 1985).  The tariff reform was accompanied by a tax reform and an import 
liberalization program (ILP).  The former was accomplished through tax reforms from 1983 to 
1985 that gradually abolished differential sales taxes between imported and locally produced 
goods.  The mark-up rate on semi-essential and essential produced were also reduced in 1985 
and eventually abolished in the following year.  However, the import liberalization program 
faltered largely due to the 1983 balance of payment crisis (Tan 1986).  The crisis prompted 
imposition of exchange transaction controls and new quantitative restrictions (Alburo and 
Shepherd 1985). 

 
In 1986, further reforms were undertaken by reducing import restrictions, abolishing 

export taxes on all commodities except logs, and implementing the staved off import 
liberalization program.  Import restrictions on 1,471 lines were lifted between 1985 and 1989.  
This comprised of 951 lines of goods such as textile, leather, rubber, paper and iron and steel 
products, and some food products liberalized in 1986; additional 170 lines--mostly textile, yarn 
and fiber products-- liberalized in 1987; and 209 lines of textile, yarn and fibers, paper and 
paperboard, iron and steel products further liberalized in 1988 (Tan 1994).  Thus, the percentage 
of regulated items to total PSCC5 lines was brought down from 32 percent in 1985 to 8 percent 
in 1989 (Medalla 1998).   

 
The second major trade reform came with the implementation of Executive Order (EO) 

470 in 1991, commonly referred to as TRP II.  EO 470 instituted a phased realignment of tariff 
rates over a period of five years.  By 1995, most commodities were to fall under 3 to 30 percent 
tariff range.  Outside this range, there were 43 lines of mostly capital goods with zero tariff rate.  
At the other extreme were 208 commodity lines, generally agricultural and industrial products 
with Board of Investments (BOI) exemptions, which continued to be subjected to 50 percent 
tariff rate (Medalla, 1998).   

 
 In 1992, the implementation of EO 8 provided for the tariffication of 153 commodities 
and tariff realignment of 48 other commodities in preparation for the eventual lifting of 
quantitative restrictions.  This generally doubled the EO 470 tariff levels of affected 
commodities.  Since EO 8 prescribed a tariff structure similar to that of EO 470 by year 1995, 
the changes in relative protection among commodities would  have taken effect only in the 
interim years (Tan 1994).   However, progress achieved through these two EOs took a backslide 
in 1993 with the implementation of Magna Carta for Small Farmers which re-instituted 
quantitative restrictions on 93 commodity lines (Manasan and Querubin 1996). 
 

                                                                 
5 Philippine Standard Classification Code. 
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 A series of Executive Orders (EOs), collectively known as TRP III, were issued from 
1994 to 1996 to simplify further the existing tariff structure.  These EOs include:  EO 189 
which aimed to reduce tariffs on capital equipment and machinery; EO 204 which modified the 
rates of duties on textile and its chemical inputs; EO 227 which brought down the tariff on 
cement; EO 264 which provided major changes in tariffs on 4,142 lines of manufacturing 
commodities; and EO 288 which modified the import duties on non-sensitive agricultural 
products.  As a whole, TRP III simplifies the tariff structure into four levels: 3 percent for raw 
materials and capital equipment not available in the domestic market, 10 percent for raw 
materials and capital equipment with domestic sources, 20 percent for intermediate goods, and 
30 percent for finished products (Manasan and Querubin 1996).   
 
 Further simplification of the tariff structure of manufacturing items was pursued through 
more executive orders issued in 1997.  E.O. 388 modified import duties on 45 lines of flavoring 
materials, popcorn, raw gypsum, feed additives, premixes, cement and greenhouses.  E.O. 390 
provided for changes in the tariff rates on 6 lines of aluminum and compact disk media, while 
E.O. 427 affected 4 lines of tinplates and tin-free steel.  E.O. 439 reduced tariffs on 34 
harmonized system (HS) lines including sealed hot plates, UHT milk, high in-rush switches and 
commutators, copper plates, vegetable fats and oils, articles and accessories for billiards and 
bowling.  Finally, EO 461 imposed 3% tariff on imported crude oil and refined petroleum 
products (Manasan and Pineda 1999). 
 
 Major refinements in the tariff schedule took place in 1998 primarily through EO 465 
and EO 466.  The former provided for the identification of 23 export winners for which an 
adjusted tariff reduction schedule is allowed.  The latter provided for a similarly phased tariff 
reduction for items not covered by EO 465.   In essence, the tariff levels established by TRP III 
were modified to a 3-7-10-15-20 percent schedule which eased the pace of tariff reduction by 
introducing intermediate rates (Manasan and Pineda 1999). 
 
 Tan (1994) noted that the combined reform efforts in the 1980s achieved a reduction in 
both the overall levels of protection and rate of dispersion among sectors.  However, these 
developments did not translate to a change in the structure of protection as the agricultural 
and/or exportable sector remained penalized relative to the manufacturing and/or importables 
sector.  
 
 In contrast, subsequent studies (Manasan and Querubin 1996; Manasan and Pineda 
1999) observed a shift in relative protection in favor of the agricultural sector beginning 1995.  
These studies show that the reform policies in the 1990s resulted in marked improvements in 
tariff simplification and international competitiveness.  However, the greater dispersion of 
nominal and implicit tariff rates and EPRs under EO 486 reflected an unevenness of protection 
structure as the pace of tariff reduction in the sensitive sectors of food processing and 
agricultural sub-groups remained sluggish compared to the other sectors. 
 
  
IV. Water Usage Pattern and Sources, Water Use Intensities, and  

Pollution Potential of Metro Manila and Metro Cebu Firms  
 

To analyze the impact of trade policies on the environment, this study makes use of 
available surveys at the Philippine Institute for Development Studies (Inocencio, et al. 1998) 
which provide firm level data on water usage pattern and water sources and the contribution of 
the manufacturing sector to groundwater depletion in two key urban areas where most of the 
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manufacturing firms are located.  These data are complemented with the pollution potential 
classification of the Department of Environment and Natural Resources.  
 

Water Use Pattern and Water Sources  
 
 Manufacturing firms use water for different purposes.  Specifically, industry processes 
require water for washing of raw materials and equipment, conveying production inputs, 
cooling and condensation, as input in the product, and for sanitary and domestic uses such as 
use for the cafeteria and maintenance of grounds.  Among the more common uses are cooling 
and producing steam, process water (included in the firm’s output), and sanitation.  Industries 
identified as top users of groundwater in Metro Manila include food and beverage, chemical, 
and textile manufacturing industries (JICA-MWSS 1992).  In Metro Cebu, the top 20 users of 
the piped MCWD6 water for the last quarter of 1998 which constitute about 10 percent of the 
total volume consumed and 17 percent of total consumption in pesos, include four big shopping 
malls, one beverage firm, three hotels and one university, and the rest are firms located in 
Mactan island mostly coming from the Mactan Export Processing Zone (MEPZ).  
 
 In Tables 3a and 3b the distribution of the sample firms and the corresponding water 
consumption are given.  The various types of source or combinations of sources for both Metro 
Manila and Metro Cebu indicate how firms have coped where piped water was inadequate in 
satisfying their water requirements.  While a substantial number of firms have piped 
connections (about 30 percent for Metro Manila and 45 percent for Metro Cebu), about one 
third of the firms are self-supplied while the rest have combined piped, own well, and vended 
water.  Industrial water consumption from private wells of 74 percent for Metro Manila and 47 
percent for Metro Cebu are close to earlier estimates of the proportion of self-supplied to total 
consumption shown in Tables 2a and 2b. 
 
 The consumption pattern across source (Tables 4a and 4b) shows that a substantial 
number of the sample firms with piped water are in the lower consumption range of 500 cubic 
meters (cu.m.) and below for both Metro Manila and Metro Cebu.  It may be surmised that 
while in both areas availability is the key factor limiting consumption, for Metro Cebu, the high 
price per cu.m. is an added constraint.  Firms which are self-supplied are able to generally reach 
higher consumption levels while combining piped water with water from private wells or 
vended water, made possible higher water consumption. 
 
 Consumption by sector and source in Tables 5a and 5b shows that food, beverage, 
textiles, electrical machinery, and paper and paper products are the top users of water both in 
Metro Manila and Metro Cebu.  These big users are generally sourcing their water from private 
wells with the exception of beverage for Metro Manila and electrical machinery for Metro 
Cebu.  The case for beverage may be due to inadequate information on consumption from own 
wells.  The case for electrical machinery is different in that most of the sample firms are from 
the Mactan Export Processing Zone.  Firms in the Zone are restricted to use MCWD water only 
as they are prohibited from digging their own wells.    
 

Water Use Intensities and Water Pollution Potential 
 
 Table 6a gives the water use intensities, defined as the ratio of water usage in cubic 
meters to value of output, for Metro Manila and Metro Cebu samples by pollution potential 

                                                                 
6 Or Metropolitan Cebu Water District which is the water utility servicing Metro Cebu and other nearby 
municipalities and cities.  
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based on the classification guidelines of the Environment and Management Bureau (EMB) of 
the Department of Environment and Natural Resources (DENR) (see Appendix Table 1).  For 
the Metro Manila sample, the weighted water use intensities for paper and paper products as 
well as the rubber products indicate that these industries consume the most amount of water per 
peso of output at 3.4 liters and one liter, respectively.  These sectors are followed by textiles at 
about half of a liter per peso of output and beverage at 0.29 liters.  While the weighted water use 
intensity for food processing is not so high, dairy (PSIC 3112-3113) and fish and marine 
products (PSIC 3115), which are under food manufacturing, are in fact among the water 
intensive industries using about 0.7 to 0.8 liters per peso of output.  Among the electronics and 
electrical equipment sector, production of electronics, television, radio and telecommunication 
equipment industry (PSIC 3832) is the most water intensive relative to other 
electronics/electrical equipment industries at over a liter of water per peso of output.  For the 
transport equipment, the most water intensive is the manufacture of aircraft with water use 
intensity of  0.87 liter per peso of output (lppo).    
        
 Classifying firms by pollution potential using the DENR classification, it turns out that 
about 23 percent of the manufacturing firms are potentially highly pollutive, 56 percent are 
pollutive and the rest are non-pollutive.  The data also show that generally the more water 
intensive industries are also the ones which are potentially highly pollutive.  For instance, for 
the whole manufacturing sector the weighted average water intensity of the potentially highly 
pollutive firms is close to double (at 0.23 lppo) that of the potentially non-pollutive firms.   
  
 In the case of Metro Cebu (Table 6b), the water intensive industries include the 
transport equipment, wood furniture, and non-electrical machinery with intensities ranging from 
4 to about half of a liter per peso of output.  Total manufacturing sector water use intensity is at 
0.3 lppo.  Some food manufacturing firms classified as potentially highly pollutive have a 
weighted water intensity of 7.2 liters per peso of output compared to almost negligible amount 
of water per unit of output for the non-pollutive food manufacturers.  The ratio of potentially 
high pollutive firms to the total sample is only 14 percent but that of pollutive firms is 54 
percent.  Less than one third of the firms are identified as potentially non-pollutive.       
 
 Data from the 4 public economic zones give the water use intensities of firms in the 
zones classified by pollution potential (Appendix Tables 2, 3, 4 and 5).  Except for the Mactan 
Economic Zone, data on water intensities for the 3 other ecozones  give support to the findings 
that the potentially highly pollutive industries are more water intensive than the non-pollutive 
industries and provide confirmation on which firms or industries are more water intensive 
relative to others.  An increase or decrease in the outputs of these sectors will have implications 
on use and on water pollution.  For Bataan Ecozone, the transport equipment classified as 
pollutive is highly water intensive consuming about 5 liters per peso of output.  In the case of 
Cavite Ecozone, the more water intensive industries are rubber, food processing, non-electrical 
machinery, and glass products which are classified as generally potentially pollutive.  An 
interesting observation among the ecozones is that for Baguio City and Mactan industries, the 
water use intensities are generally much lower than those in Cavite and Bataan and those in 
Metro Manila and Metro Cebu.  This observation may reflect partly the difference in the 
composition of the industries and more likely the constraints faced by the two zones such as 
high price and absence of alternative sources thereby lowering water usage per unit of output 
relative to industries in the other ecozones and areas.    
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Water use Intensities, Water Source and Groundwater Depletion 
 
Water use intensities by water source (also in Tables 6a and 6b) are divided only into 

two types: piped and private wells.  For the Metro Manila sample, production of private well 
users is more water intensive than those of piped water users.  This is specially the case for 
food, textiles, other nonmetals, fabricated metals, and non-electrical machinery.  Increases in 
outputs in these sectors will imply greater groundwater pressure coming from the private well 
users.  The opposite is true for chemicals, electrical machinery, and transport equipment 
industries.  For overall manufacturing sector, water use intensity is higher for private well users 
(at 0.16 versus 0.07 liters per peso of output) implying more pressure on the groundwater from 
the self-supplied industries relative to those which are MWSS-served, and consequently 
contributing more to the acceleration of groundwater depletion. 

 
Metro Cebu's case shows that except for wood furniture and electrical machinery, water 

use intensities among the self-supplied industries are higher than those which use the MCWD 
water.  This does not mean however, that there is no pressure on the groundwater resource 
coming from the piped water users since MCWD is also tapping the groundwater source for its 
water supply.  Water use intensity of private well users for the whole manufacturing sector is 
over three times that of MCWD users at 0.19 lppo.  As in the case of Metro Manila, there is a 
relatively high pressure on the groundwater resource coming from the private well users which 
has direct implications on the acceleration of depletion of the resource.  But unlike Metro 
Manila's case, even the piped water users in Metro Cebu also contributing to the acceleration of 
the resource depletion.  Obviously, growth in the production of water intensive industries 
whether MCWD served or self-supplied will lead to added pressures on the already mined 
groundwater resource.   

 
 

V. Impact of Trade Liberalization and Exchange  
Rate Policy on Industry Structure 

 
 Impacts of trade policy changes on the structure of industrial output are inferred from 
results of policy simulations of Medalla and Intal (1996) and this study.  These results are then 
linked to water use and pollution intensities in the next section.  This study applied the modified 
Chunglee model which Medalla and Intal (1996, 1994) and Tan (1998, 1994) used earlier to 
assess overall environmental and economic impacts of trade policy changes.   
 
 In Medalla and Intal (1996), the effects of four trade reform scenarios were simulated 
with the 1985 EPR structure serving as the pre-reform case or the base case as trade reforms up 
to this year were not yet substantial.  Specifically, the impacts of two trade reform scenarios are 
simulated with fixed and flexible real exchange rate scenarios.  The first trade reform effects an 
across the board 50 percent reduction in EPR (partial trade liberalization) while the second is a 
reform which levels tariffs and EPR to a uniform 5 percent (“full” trade liberalization 
scheduled to be implemented in 2004).  A total of 5 cases are presented in the paper:  the base 
case; case A which is the first trade reform with fixed exchange rate; case B which is also the 
first reform but with flexible exchange rate; case C which is the second trade reform with fixed 
exchange rate; and case D which is also the second reform but with flexible exchange rate. 
 
 The results of the modified Chunglee simulations of Medalla and Intal (1996) show that 
the outputs of sectors which have been generally protected before the trade reforms, i.e., those 
which received high EPRs, would be adversely affected by the reforms.  For cases A and C 
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without exchange rate adjustments, the drastic reduction in tariffs leaves much of the 
manufacturing sector vulnerable to import competition.  The hardest hit sectors are those which 
are generally more capital-intensive import substituting industries where the country remains 
uncompetitive.  These industries include paper and plastics, chemicals, machinery, and basic 
metal and metal products.  Heavily protected import-substituting industries like paper and paper 
products, chemicals, basic metals, and non-electrical machinery are still adversely affected by 
tariff reduction despite the induced real peso depreciation (under a flexible exchange rate 
assumption) but the negative output and income effects of trade liberalization are minimized 
reflecting the protective effect of a real currency depreciation.  In cases B and D where tariff 
reduction is accompanied by real peso depreciation, the overall output effect is positive.  The 
agro-based and labor intensive manufacturing sectors have the largest positive output effects, 
being least protected with already relatively lower EPRs even before the trade reforms. 
  
 In this study, the simulations performed assess the impact of incremental protection 
relative to protection in 1988 which serves as the base.  Specifically, the increments in 
estimated EPRs based on tariffs for 1995 (post Executive Order 264) and 2000 relative to 1988 
are used to measure changes in relative protection.  The simulations assess the impact of further 
tariff reductions in the mid 1990s and in year 2000 (since in 1988 there were already some 
reforms introduced) rather than the 50 percent across the board reduction in EPRs or the 5% 
uniform tariffs in 2004 carried out by Medalla and Intal.  The four cases analyzed are:  case E, 
the first trade reform (covering difference in effective protection from 1988 to 1995) with fixed 
exchange rate; case F, also the first reform but with flexible exchange rate; case G, the second 
trade reform covering difference in effective protection from 1988 to 2000 with fixed exchange 
rate; and case H, also the second reform but with flexible exchange rate. 
 
 The effective protection rates for selected years (Table 7) describes the changing 
structure of protection over time reflecting the trend towards more liberalized trade.  The 1988 
EPRs show that the food, beverage and tobacco, cement, glass, metal furniture and fabricated 
metals, as well as the paper industry are among the highly protected industries with over 30 
percent EPRs.  The food sector remains highly protected up to year 2000.  Beverage and 
tobacco’s EPRs remain high up to 1995 but  drop drastically to much less than half in 2000.  In 
the case for fabricated metals and metal furniture, transport equipment, the EPRs declined over 
the years and dropped to about (or a little less than) half by year 2000.  Even more drastic 
declines are observed for textiles, wearing apparel and footwear, wood and wood products, 
paper and paper products, and chemicals among others.  The decrease in the effective protection 
of cement is so large that it even registered negative EPRs in 1995 and 2000.          
 

Changes in output structure for the four trade simulations are shown in Table 8. Bigger 
declines7 in outputs are observed as EPRs are reduced substantially in year 2000 relative to the 
declines in output in 1995.  Expectedly, the declines in the outputs of the cement industry are 
highest in each of the four scenarios. The food sector shows positive output changes in all four 
simulations given the still relatively high protection.  Chemicals, beverage and tobacco, paper 
and paper products, all posted negative output growth rates consistent with the declines in 
effective protection rates.  Noticeably, these industries are also the ones which are identified as 
more pollutive.          
 

                                                                 
7 Note that despite declines in EPRs, some sectors were able to post modest output growths.  Medalla (1998) found 
that the manufacturing industry is characterized by the exit of the less competitive firms and entry of smaller but 
more competitive firms within an industry. 
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 While the trade simulations were done with output data from the 1988 input-output table  
for the Philippines, implying that the data used are for the entire manufacturing sector in the 
country, the resulting changes in outputs were extrapolated for Metro Manila and Region8 7 
using output data for the two regions from the National Statistics Office Annual Census of 
Establishments for 1988.  This extrapolation assumes that since these regions comprise the bulk 
of the manufacturing sector, whatever changes are experienced for the entire sector may only 
reflect what is happening in these 2 economics centers where most of the industrial firms are 
clustered.  Also, this assumption allows us to closely examine impact on industrial pollution in 
these areas.  The distributions of value of output by trade regime are given in Tables 9a for the 
Philippines, 9b for Metro Manila, and 9c for Region 7.  For the Philippines, food manufacturing 
continues to comprise the bulk of manufacturing output (of at least 40 percent) and its share 
even increases relative to the other sectors with trade liberalization (Table 9a).  Petroleum and 
coal products, chemicals and plastic, follow the food sector although with much smaller shares 
relative to total manufacturing.  The shares for these sectors decrease with the trade reforms.   
 

Chemicals and plastic products in Metro Manila comprise about one fifth of total output 
and this share declines with trade liberalization (Table 9b).  The next four industries: food, 
electrical, wearing apparel, and textile, all registered positive output growths in all the 
simulations.  On the other hand, Region 7 with most of the industries located in Metro Cebu, 
has the food sector comprising over one fourth of the total manufacturing industry output 
followed by beverage, wood, chemicals, and electrical machinery.  Of these sectors, food, wood 
and electrical sectors show positive output growths while the other two have decreases in 
outputs.     
 
 The results in this study are generally consistent with the results of Medalla and Intal.  
Specifically, for cases E and G with fixed exchange rates, the drastic decreases in tariffs made 
most of the manufacturing sector vulnerable to import competition.  The sectors that were 
largely adversely affected were the capital intensive import substituting (where the country 
remains uncompetitive) such as paper, chemicals and plastic products, basic metals, and 
fabricated metal products.  For cases F and H, where tariff reduction is accompanied by 
exchange rate adjustments, heavily protected import substituting industries like paper and paper 
products, chemicals and plastic products, transport equipment, and basic metals among others, 
are still hit by the tariff reduction despite the induced real peso depreciation.  However, the 
negative output effects in these cases are reduced.  As explained in Medalla and Intal, this result 
reflects the protective effect of a real currency depreciation.  Positive output growths are posted 
for both trade scenarios with flexible exchange rates.     
 
 
VI. Trade and Environment Linkage 
 

This section links the results of the macro simulations discussed in the previous section 
to some environment parameters in order to establish a link between trade, the environment and 
natural resources.  As discussed in the framework, the trade and environment link is worked 
through pollution abatement and water usage and change in manufacturing output structure. 
Results of this study and those of Medalla and Intal (1996) on water pollution intensities and 
water use intensities are discussed in this section. 

  

                                                                 
8 Survey data on water are only for Metro Cebu, but official statistics do not give output data for Metro Cebu only 
so output for Region 7 is used. 
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Trade Reforms and Water Pollution Intensities 
 

Impact of Partial and Full Trade Liberalization (Cases A, B, C, and D).  Using the 
prospective pollution abatement costs9 for both air and water (for 1992 at 1988 prices) and the 
output values from the 1983 National Statistical Coordination Board (NSCB) input-output table, 
Medalla and Intal (1996) computed the pollution intensity as the ratio of prospective pollution 
abatement cost to value of output.  Assuming constant pollution abatement technology for each 
sub-sector (at 3 PSIC10 level), the change in output structure brings about the change in 
pollution intensity for the whole industrial sector.  The simulation results for each trade scenario 
yield corresponding pollution intensity associated with the different cases.   
  
 The nature-based industries which benefit from tariff reduction have been shown to have 
relatively higher pollution intensities while the labor intensive export oriented manufacturers 
(e.g., firms producing wearing apparel, furniture, electrical machinery among others) tend to 
have lower pollution intensities than the more capital intensive import substituting, largely 
nontradable industries (such as firms producing basic metal, paper and allied products, cement, 
beverages, electricity, and textile) (Intal, et al. 1995).  
 

Changes in the manufacturing output structure brought about by the trade reforms 
resulted in pollution intensities for all the four scenarios which are lower than the base case 
(Table 10).  For cases A and C, the results imply a trade-off between environment and growth 
but cleaner environment is achieved not necessarily at high pollution abatement cost per unit 
output relative to the base scenario.  Results for cases B and D show that even if increases in 
output value is accompanied by increases in abatement cost, pollution intensities can decline 
which means that the growth in output is larger than the increase in the latter.  
 

Note that in the Medalla and Intal study, pollution intensity is defined as the ratio of 
prospective abatement costs (for both water and air pollution control) to value of output.  To be 
able to compare results, water pollution intensities11 were computed for the base case and the 4 
trade reform cases using the Medalla and Intal simulation results.  The results are consistent 
with the corresponding manufacturing sector combined water and air pollution intensities where 
pollution intensities declined with trade liberalization with or without real currency depreciation 
(Table 10).  The only difference is that even with output growth in cases B and D, absolute 
water abatement costs decline, implying higher growth in output of the less water pollutive 
industries relative to the decline in output of the more water pollutive manufacturing sector.  In 
fact, in all the four cases the total abatement costs declined relative to the base case.  Overall, it 
appears that trade liberalization leads to cleaner environment (in terms of lesser water pollution) 
with respect to the manufacturing sector activities.  However, given the relatively small 
declines, it may be more useful to say that trade liberalization does not adversely impact on the 
environment.    
 

Impacts of further tariff reductions: 1995 and 2000 relative to 1988 trade reforms 
(Cases E, F, G, H).  In this paper, the same ENRAP estimates on prospective abatement costs in 
Medalla and Intal are used although for water pollution only.  The prospective abatement cost 
indicates the size of the environment's subsidy to industries through its wastewater disposal 
service.  The higher the pollution contribution of a sector, the higher the subsidy to that sector.  
Manufacturing activities which can be classified as the most pollution intensive based on their 

                                                                 
9 Estimated by ENRAP which proxy for environmental waste disposal services of air and water. 
10 Philippine Standard Industrial Code. 
11 Using the ENRAP figures for prospective pollution abatement costs for water only. 
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prospective water pollution abatement costs tend to be concentrated in a few sectors.  ENRAP 
studies (1996) indicate that industries which discharge large amounts of wastewater and 
correspondingly require large prospective abatement costs include manufacture of drugs and 
medicine, textiles, pulp and paper products, and electroplating of fabricated metal products.   
 

Tables 11a, b, and c give the distribution of prospective abatement costs for water 
pollution for the base and the four cases for the manufacturing sector for the entire country, 
Metro Manila, and Region 7.  In terms of size, the food sector comprises the bulk of prospective 
abatement cost for the whole manufacturing sector while for Metro Manila, textile and beverage 
are primary users of the environment's disposal service for wastewater followed by the 
chemicals and plastic and food manufacturing.  In Region 7, the beverage manufacturing is also 
the top user of the environment's waste disposal service with over three fourths of total 
manufacturing prospective pollution abatement cost.  This sector is followed by the less than 10 
percent share of the food sector.  Relative to the base case, the growth in output of the food 
sector results in increases in the sector's shares in the prospective abatement cost.  The shares of 
the beverages on the other hand, generally declined with trade reforms.  Textiles' shares in the 
abatement cost relative to the base show slight increases.     

 
Given the results in the preceding tables, Table 12 reports the overall pollution effect for 

the Philippines, Metro Manila and Region 7.  In all simulations, pollution intensities slightly 
declined relative to the base.  These results weakly imply that trade liberalization with fixed and 
flexible exchange rates leads to cleaner environment, consistent with the earlier results of 
Medalla and Intal.  The assumption of constant pollution abatement technology even makes the 
results more plausible since with investments in newer and more efficient pollution control 
device, larger reductions may be even expected. 

 
In cases where overall outputs decrease, the results indicate that despite the slight 

decreases in outputs, pollution intensity ratios have declined because of the larger decreases in 
absolute prospective abatement costs.  This effect implies that the manufacturing sector outputs 
are restructured in such a way that the outputs of the less pollutive industries are dominating  
those of the more pollutive ones.  That is, tariff reductions resulted in outputs of the industries 
with higher pollution abatement costs declining more than the outputs of industries with 
relatively lower abatement costs.   

 
More interestingly, the pollution intensities of Metro Manila and Region 7 are 

consistently higher in all cases than pollution intensities for the manufacturing sector for the 
entire country.  This result provides support to the hypothesis put forward at the beginning of 
this paper that urban economic centers where most of the manufacturing firms are located must 
be suffering from greater pollution from the manufacturing sector than what the figures for the 
Philippines may indicate.  While the differences are slight, nevertheless they may be indicative 
of real pollution situation in the cited areas.  The figures jibe with the pollution scenarios due to 
manufacturing sector activities described for Metro Manila and Metro Cebu discussed in the 
introduction of this paper.          

       
The impact of trade reforms with flexible exchange rates (cases F and H) on abatement 

costs shows relatively higher abatement as a result of higher outputs compared with the fixed 
exchange rate scenarios (cases E and G), although still lower than the base.  This result is 
consistent with the Medalla and Intal findings which show the protective effect of exchange rate 
on output.     
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 Environmental Impact Multipliers.  Orbeta (1999) assesses the impact of changes in 
implicit tariff rates (ITR) on the environment using the ENRA modified input-output model and 
the results of a general equilibrium model which simulated the impact of the ITR on the output 
structure.  While results of Orbeta (1999) are not directly comparable with results from this 
study, a crude comparison is done to see whether despite the differences in approaches and 
procedures, there are some consistencies in the overall results which would perhaps strengthen 
results of this study.  As in this paper, a key assumption in Orbeta's estimates is that the value of 
waste disposal service for an industry is linearly related to its output and consequently to the 
residuals it generates, i.e., each industry is assumed to generate residuals in fixed proportions to 
the industry's (at 3 Philippine Standard Industrial Code or PSIC level) output. 
 

One should take note however, that while the partial equilibrium trade model used in 
this paper is also based on an input-output framework and the same data on prospective 
abatement costs are used, there are a lot of differences between the two studies.  A major 
difference is in the use of simulation results of two different models which were then linked 
with environment, one is partial equilibrium while the other is based on a computable general 
equilibrium model with different underlying assumptions, in estimating the impact of trade 
reforms on the industry output structure.  The linking of the macro impact with the environment 
is very similar in both studies although this study focuses only on the unvalued services of 
water bodies serving as a sink for wastewater from the manufacturing sector and makes use of 
survey data on water use and sources to enrich the analysis done.  Orbeta on the other hand, 
looks at both air and water environmental waste disposal service for the entire economy (and 
not just the manufacturing sector) including household activities.  In addition, Orbeta's impact 
coefficients are also the base pollution intensities used in this study except that the first used 
prospective abatement cost at 1990 prices while the latter were at 1988 prices. 
 

Looking only at the manufacturing sector water pollution intensities and comparing the 
impacts of trade policy reforms from the two studies, it appears that results of cases G and H 
(measuring the impact of further tariff reductions by year 2000) relative to the base case are 
consistent with those of Orbeta showing a very slight decrease12 in water pollution intensity 
relative to the base.  This observation is consistent with the results in earlier studies which 
indicate that trade reforms, may in fact result in cleaner environment or more clearly will not 
adversely affect the environment.  

 
On the other hand, while the results for cases E and F assessing the impact of the 1995 

EPRs on overall water pollution intensity show also a declining intensity, those of Orbeta 
(1999) show a slight increase13 relative to the base case.  Note however, that these changes in 
pollution intensities are relatively very small (at much less than 0.05 percent of value of output 
for the whole manufacturing sector) such that the general result in this paper showing that trade 
reforms will not adversely impact on the environment in terms of worsening water pollution 
may still hold true and that trade reforms appear to be encouraging less pollutive industries 
leading towards a cleaner environment.  
  
Trade Reforms and Water Use Intensities  
 

                                                                 
12 This is equivalent to Orbeta's environmental impact coefficient for water EWDS:  0.035322 versus 0.036328. To 
be able to do this comparison, the new environmental impact coefficient using the water EWDS only for year 2000 
relative to the 1990 coefficient (which serves as the base year) was computed for the manufacturing sector. 
13  A computed equivalent water pollution intensity for the manufacturing sector only of  0.037895 versus the base 
water pollution intensity of  0.036328. 
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 Water use intensities obtained from the 1998 Metro Manila and Metro Cebu PIDS 
surveys of establishments are extrapolated to the two regions using the value of output from the 
1988 NSO Annual Survey of Establishment output at border prices.  A key assumption in this 
study which allows use of water use intensity14 from the survey is the assumption of constant 
production technologies which imply a fixed amount of water per peso of output.     

 
Tables 13a and b give the distribution of water use for the various trade scenarios for 

Metro Manila and Region 7.  In the base case for Metro Manila, paper and paper products are 
the top users of water followed only by textile, food and rubber and rubber products.  With trade 
reforms, the share of paper and paper products to total manufacturing declines while those for 
the three other sectors increase relative to the base.  For Region 7, the top water users 
comprising the biggest shares of total water use are the wood furniture, wood and wood 
products, food manufacturing, and pottery, china and earthenware.  The first two industries 
show some increases with trade reforms.      

 
Impacts of trade reforms on water use intensities for the Metro Manila and Region 7 

industries (Table 14) show different directions.  For Metro Manila, water use intensities relative 
to the base case decrease in all scenarios while this is not the case for Region 7.  The decline in 
outputs resulted in corresponding decreases in water use for Metro Manila industries implying a 
slowdown in groundwater depletion.  Also, a reallocation of resources toward less water 
intensive industries maybe expected with trade liberalization.  In contrast, decreases in outputs 
for Region 7 are accompanied by increases in water use in all scenarios, even raising the water 
use intensities further.  This result only implies that trade reforms result in a reallocation of 
industry outputs toward the more water intensive industries, thereby increasing absolute water 
usage.  An adverse implication on groundwater abstraction especially in the case of Metro Cebu 
with both water utility served and self-supplied industries fully dependent on the groundwater 
resource, is an accelerated groundwater depletion.  

 
 

VII.  Conclusions and Some Policy Implications  
 

This paper shows that trade liberalization with fixed and flexible exchange rate does not 
worsen industrial water pollution.  Average water pollution intensities (and consequently 
environmental damage) of production decrease as resources are reallocated towards production 
of less pollutive industries.  This result is not inconsistent with the findings of Birdsall and 
Wheeler (1992) and Low (1992) which show that trade liberalization and economic openness 
encourages cleaner industry.  On resource depletion, results show that with trade liberalization, 
groundwater depletion will continue for the water scarce Metro Manila and Metro Cebu unless 
appropriate environmental policies are formulated and implemented to arrest the groundwater 
mining and to complement trade liberalization.  
 

In cases without complementary exchange rate adjustments, trade reforms will lead to 
declines in outputs and lower overall pollution intensities.  This result implies that trade reforms 
decreased the relative protection in the more pollutive sectors inducing a corresponding 
decrease in their output shares.  But since the outputs in some cases declined by less than the 
decreases in pollution intensities, the absolute levels of prospective abatement costs are in fact 
lower than the base cost.  This illustrates that cleaner environment (as indicated by lower 
absolute abatement cost) is not necessarily achieved at the price of lower growth.  It appears 
that cleaner environment can even be achieved at lower pollution abatement costs per unit of 

                                                                 
14 Ratio of water use in cubic meters to real value of output at border prices. 
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output.  In this case, abating pollution is achieved by reducing output in pollution intensive 
sectors without significant costs in terms of growth.  A reallocation15 of outputs from the more 
pollutive industries towards the less pollutive ones is reflected in the overall less pollutive 
manufacturing sector with trade liberalization. 
 

The growth or decline in the outputs of the more water intensive and potentially more 
pollutive manufacturing industries will have implications on both water usage and the resource 
itself and on water pollution.  From the results it is clear that pollution intensities decline for the 
manufacturing sector for Metro Manila and Region 7, and the country as a whole.  On the other 
hand, groundwater mining will continue in the water scarce Metro Manila at a relatively slower 
pace and Metro Cebu area at an accelerated pace.  For Metro Manila, groundwater mining will 
be slowed down (but still growing) as outputs of the less water intensive industries grow while 
the opposite is true for Metro Cebu.   

 
Despite the assumption of fixed pollution abatement technologies, the declining 

pollution intensities are even more plausible.  With improvements and adoption of newer 
production technologies plus increasing effective cost of water use as access becomes more 
scarce.  The declining trend in water use for Metro Manila and consequently on wastewater 
discharge is more likely.  As water becomes more scarce and expensive, experiences in 
developing countries show that industries adopt mechanisms for coping and adjusting to change 
without adversely affecting their international competitiveness.  Through conservation and use 
of water saving production technologies, industrial use can be reduced by up to 30% without 
adverse effects on profitability.  For Metro Cebu, growth of more water intensive firms is 
difficult to explain as one would expect a decline as in Metro Manila which is consistent with 
the decrease in pollution intensity knowing that pollutive industries are more water intensive.  
One possible explanation is the gap in water use data which distorts the results.   

 
The results presented in this paper are useful.  However, while there are some 

indications of the direction of the impact of trade liberalization and exchange rate policy, it 
should be noted that most of the prospective water pollution abatement costs as well as the total 
for the whole manufacturing sector are relatively very small relative to total output value but 
could be underestimated.  The maximum cost for pollution abatement and control activities 
relative to output value is much less than half of one percent.  Also, the estimates of water use 
intensities can benefit from a more representative sample in terms of size and type of industries.  
For some major water using industries, data are either lacking or totally not available.  Thus, at 
best the estimates of prospective pollution abatement cost and water use and the corresponding 
intensities should be treated as indicative given the data limitations and should therefore be 
interpreted with caution. 
 
Some Policy Implications 
 
 Despite the limitations, the results of this paper indicate important policy implications 
for the management and use of the water resource under a liberalized trade regime with the 
country's move towards globalization. 
 

                                                                 
15 Note that this model which links growth and the environment relies on pollution intensities associated with 
output and does not take into account substitution between non-polluting and polluting factors. 
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Industrial Water Pollution: The case for stronger regulation and effluent pricing,  
raw water pricing,, water recycling and reuse, conservation  

 
While trade policies may seem to result in cleaner environment, these policies were not 

intended to address environmental problems in the first place.  These policies can be effective 
but not efficient.  In the theory of optimal distortions in international trade, it is shown that 
where there is an externality or distortion in the economy, the optimal government action is 
direct intervention at the source of the distortion.  So, if the externality is a production 
externality, then the optimal policy is government intervention aimed at the production 
externality. 
 

The excessive industrial protection and concomitant bias against agriculture in the past 
decades are said to have contributed significantly to environmental degradation in that they 
have weakened the incentive to invest in newer, more efficient, and cleaner equipment and 
technologies.  Appropriate regulatory or market-based instruments are needed to check 
pollutive (and non-sustainable) practices of firms. 

Estimates of prospective abatement costs as ratios of total value of output show that 
these are relatively very small and with trade liberalization, a general decline is observed both 
under fixed and flexible exchange rates.  This result provides an opportunity for government to 
impose and implement more strict standards with respect to industrial water pollution control 
especially in urban areas where industrial plants tend to be concentrated with minimal 
repercussions in terms of added costs to industries which are to be regulated.   
 

Available studies have shown that discharge of effluents responds to prices of water.  
There is therefore a scope for using prices in conjunction with direct effluent charges and 
standards in reducing pollution coming from industries.  However, since most of these firms are 
self-supplied, pricing water as a tool for reducing industrial effluents may be difficult.  In the 
case of self-supplied firms, government may have to come up with a price for the resource and a 
mechanism for collecting this revenue.  Some studies have shown that industries are most 
responsive to pricing policies provided they can be effectively applied (Rogers and Harshadeep 
1996, Bhatia 1997).  This is because industries are typically faced with a wide array of 
conservation, recycling, and product change options that allow for large reductions in the raw 
water intake without affecting much the industries' profits.  A reduced raw water consumption 
consequently will result in reduced effluent discharges.  Without proper pricing that would take 
into account not only the full supply cost but also the opportunity cost and cost of externalities, 
there will be no incentive to use water efficiently and excessive quantities will be used and 
excessive pollution produced.  
 

David, et al. (1998) recommend a raw water charge which is equal to the opportunity 
cost of water and/or environmental cost of water extraction from groundwater sources not only 
for the self-supplied water users but also for the water utilities in both Metro Manila and Metro 
Cebu to prevent further depletion of their aquifers.  She went further by suggesting that studies 
be conducted to determine the cost-effective ways of collecting abstraction fees because of the 
inherent difficulties, which is also the point raised by Rogers and Harshadeep (1996) and Bhatia 
(1997).  Still on pricing, she recommends that sewerage fees be collected from MCWD 
customers and the self-supplied water users in both Metro Manila and Metro Cebu to cover the 
cost of an effective regulatory and sewerage disposal system.  Taxation of effluents from 
industrial firms in Metro Cebu and parts of MWSS service area which are outside the 
responsibility of the Laguna Lake Development Authority should be pursued. 
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Groundwater Depletion: The case for regulation/control through proper  
monitoring and pricing of extraction  

 
 The National Water Resources Board is vested the power to regulate water use.  

Technically, groundwater extraction has to have a water permit.  But given the present 
capability of the NWRB, this is just too difficult a task to implement properly.  Groundwater 
extraction is practically unregulated and unpriced.  It is high time for the government to 
empower this agency to enable it to properly perform its functions especially that of regulating 
water usage.   
 

Dilution. Is there enough incentive for industrial firms to treat their industrial effluent 
and sewage for recycling water in their plants?  It may be the case, that to the extent that firms 
have to meet some effluent standards, they may find it convenient (and  perhaps economic due 
to low [maintenance and operating] cost of groundwater) to dilute their pollutants rather than 
treat their effluent.  As long as cost of treatment for reducing pollution concentration by some 
units exceeds the cost of clean water which would be required in achieving the same reduction 
in pollution concentration, diluting wastewater may be resorted to in the absence of any 
restriction on the volume of wastewater.  With raw water from own wells being practically 
unpriced and pollution regulation primarily based on the limits to concentration, dilution will be 
practiced.  This activity would put more pressure on the groundwater resource by accelerating 
further  groundwater mining and depletion.  Thus, pricing of raw water should be done together 
with the charging of effluent fees. 
 

Unless internalization of externalities is aggressively pursued, firms' wasteful use of 
water and uncontrolled and indiscriminate discharge of untreated effluents will continue, 
resulting in further industrial pollution and groundwater mining.  Experience in other 
developing countries shows that regulatory policies and economic incentives can bring about 
reductions in withdrawals for industrial water use by as much as 20 to 30 percent.  This 
reduction in turn can result in substantial reduction in water pollution (Bhatia 1995 and 1997).  
This points to the need to explore more efficient and effective ways of (or technologies for) 
reusing and recycling water suited to Philippine industries.  
 

Investments in environment-saving innovations may not likely to be large.  However, if 
one looks at accelerated groundwater abstraction as having stock feedback productive effects 
with depletion of the resource affecting future source, there may be an incentive to conserve the 
resource and adopt water saving technologies.  This effect highlights the need for a massive 
information campaign to promote awareness and more informed decision-making among 
groundwater users and potential users.   
 

Unclear/Weak Government Policies and Lack of Appropriate Institutional Structure 
 
Existing regulations (or incentives) and policies are at present inadequate, have limited 

coverage and need to be adjusted to adopt to current developments as water resources become 
more scarce and deterioration of water quality is exacerbated.  
 

DAO 35 (s. 1990  Section 9) prohibits new industrial plant with high load potential from 
discharging into a body of water where the dilution or assimilative capacity of said water body 
during dry weather condition is insufficient to maintain its prescribed water quality according to 
its usage or classification.  So far, there are no implementing guidelines and sanctions.  This 
department order weakens effluent regulation by authorizing continued operation by industries 
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which fail to meet BOD standards provided a fine of equivalent to P5.00 per kilogram of BOD 
per day in excess of standards is paid (subject to certain limitations). 
 

Overall, the industrial pollution problem can be characterized by the absence of clear 
and legally binding rules, limited institutional capacity, lack of appropriate equipment and 
trained personnel, and inadequate information on the industries to be regulation, appropriate 
quality standards, ambient standards, quality emissions, etc.  For instance, for achievement of 
Class A standards for Laguna Lake, the facilities to monitor the various variables listed in the 
effluent standards are at present inadequate.  There is clearly a need for realistic and feasible 
effluent standards which take into account available technology and economic viability of 
industries. 
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Figure 1.  Framework of Trade Policies and Environment and Natural Resource Linkage 
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Annex 1.  The Chunglee and the Simulation Models 
 
 
The Chunglee Model 
 
Assumptions 
 

1) the economy is a small and open one 
2) non-traded goods are produced in constant prices 
3) imports are perfect substitutes for locally produced goods 
4) factor prices are not affected by trade reform over the short run 
5) the economy is composed of input-output sectors so the basic unit of analysis 

is the I-O sector which is characterized by a supply and demand function 
6) all policy instruments are constant. 

 
The Model 
 

Qj = f (Vj)                (1) 
Qj - output of sector j 
Vj  -  effective price of value-added  

 
 

Vj = (1 + tj) - ∑ a ij ( 1 + tii)                                    (1.1)      
              
  tj -  is the tariff on output 

aij - is the amount of input i used to produce one unit of output j 
tii  - is the tariff on the input 
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 dQj - change in output Qj 
bj    - supply elasticity  

jV̂  - proportionate change in effective price 
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jV before and after trade reform are the same because of the use of fixed coefficients which do not 

allow substitution among goods to occur even as price changes.  
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- changes in output estimated from changes in EPRs   
- the effect of trade policy reform on output work its way indirectly via changes in 

EPR which captures the net protection received by an activity 
 

 
The Simulation Model 
 
- is a modified Chunglee model which relaxes the implicit assumption in Chunglee 

of constant prices  
- the simulation model quantifies the effects of trade reform assuming a flexible real 

exchange rate 
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0
jV -  the effective price before trade reform 
1
jV  - the effective price after the reform. 
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jV -  the effective prices after trade reform assuming a flexible real exchange 

rate 

0r  - the real exchange rate before trade reform 
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*ˆ
jV - the proportionate change in effective price incorporating changes in the 

real exchange rate 
 
 

Substitute equations (1.31) and (1.32) into equation (1.33) to get equation (1.34), 
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Using equations (1.5) and (1.6) from the Chunglee model and substitute equation 
(1.34),  
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01 / rr  - relative real exchange rate 
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Substitute equation (1.36) into equation (1.37) to get equation (1.38). 
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- shows the change in output due to trade reform with real exchange rate adjustment 

to be a function of the relative real exchange rate and relative EPR 
 
- the changes reflect an adjustment in the real exchange rate. 
______________________ 
Source:  
Tan, Elizabeth. 1994.  “Trade Policy Reforms in the 1990s:  Effects of E.O. 470 and the Import Liberalization 

Program.”  PIDS Research Paper Series No. 94-11.  Makati: Philippine Institute for Development 
Studies.   



Table 1.  Water pollution discharge of the manufacturing sector,  Philippines 1992.

Discharge in metric tons
PSIC Industry & Process BOD5 SS TDS Oil & Grease N

311-312 Food manufacturing 67,138 72,118 1,651,476 15,508 1,138
313 Beverage manufacturing 59,573 62,180 80,927 0 0
321 Textile manufacturing 18,722 8,833 21,637 0 0
323-324 Mfr. of leather & leather products 2,370 3,674 9,346 533 399
331 Mfr. of wood & wood prod. 208 57 161 0 12
341 Mfr. of paper & allied prod. 11,707 17,155 59,392 0 0
351, 352 Mfr. of chemicals & plastic prod. 5,311 2,273 0 365 177
 & 356
353 Petroleum refineries 2,357 694 0 897 245
362 Mfr. of glass & products 0 244 2,786 0 0
363 Mfr. of cement 0 2,648 20,499 0 0
371 Iron & steel basic industries 467 1,809 0 0 0
381 Mfr. of fabricated products 3,902 1,678 4,569 687 0
382 Mfr. of machinery except electrical  3,227 1,388 3,779 568 0
383 Mfr. of electrical machinery, etc.   0 9,938 2,228 0 0

Source:  ENRAP (1995).



Table 2a.  Estimated water consumption by sector, source of water 
              and type of user in MWSS service area, 1990 (mld).

Source Industry Commercial Household Total

MWSS 75 304 785 379
(19) (76) (69) (58)

Private Wells 355 107 379 462
(81) (24) (31) (42)

Total 430 411 1164 841
(100) (100) (100) (100)

Note:   
Figures in paretheses are percentages.
Source of basic data: JICA (1992).



Table 2b.  Estimated water consumption by sector,  source of water 
              and type of user in MCWD service area, 1990 (mld).

Source Industry Commercial Household Total

MCWD 6.1 4.6 40.7 51.4
(47) (46) (25) (27)

Private Wells 7.0 5.5 124.0 136.5
(53) (54) (75) (73)

Total 13.1 10.1 164.6 187.8
(100) (100) (100) (100)

Note:   
Figures in paretheses are percentages.
Source of basic data: Electrowatt (1991).



Table 3a.  Distribution of sample industrial firms and water consumption by source of water,
                     Metro Manila, 1997/98.

Total water consumption
Source Number % to  (cu.m./month)*

of firms total
Piped PWW/Well/WV**

MWSS only 44 30 246,991a/ -

Own Deep Well (DW) 48 34 - 859,938 b/

(123)

Private Waterworks (PWW) 5 3 - 72,590

Water Vendor (WV) 3 2 - 1,799

MWSS + Own Well 36 24 138, 071 214,440 c/

(53)

MWSS + Water Vendor 4 3 22,965 3,835 d/

Own Well + Water  Vendor 5 3 - 14,836
(8)

MWSS + Own Well + 1 1 760 1,040
     Water Vendor (1)

Total 146 100 408,787 1,168,478
Percent to total (%) 26 74

Notes:
Data are from PIDS 1997/98 water use survey
Percentage of firms with own  well: 63%
Total number of wells 
     (including 3 unused/back-up wells): 188
Number of registered wells 10
Percentage of registered wells: 5.3%

* Figures in parentheses are number of wells.
** PWW- private water works; WV- water vendors

a two firms have no data on MWSS consumption
b four firms have no information on well output
c one firm has no information on well output
d one firm has no information on total vended water



Table 3b.  Distribution of sample industrial firms and water consumption by source of water,
              Metro Cebu, 1997/98

Total water consumption
Source Number % to  (cu.m./month)*

of firms total
MCWD PWW/Well/WV**

MCWD only 42 45 81,258 a -

Own Deep Well 29 31 - 76,411 b

(37)

Private Waterworks 6 6 - 1,317 c

Water Vendor - - - -

MCWD + Private Waterworks - - - -

MCWD + Own Deep Well 10 11 39,350 32,554
(12)

MCWD+ Water Vendor 5 5 4,323 1,852

Own Well + Water Vendor - - - -

(firms with missing data) 1 1 nd nd
(1)

Total 93 100 124,931 112,134
Percent to total (%) (53) (47)

Notes:
Data are from PIDS 1997/98 water use survey
Percentage of firms with own well 44%
Total number of wells 50
Number of registered wells 12
Percentage of firms with own well 24%

* Figures in parentheses refer to number of wells
** PWW- private water works; WV- water vendors

a  two firms have no data on MCWD consumption
b  eight firms have incomplete information on well output
c one firm has no data on well output



Table 4a. Distribution of sample firms by consumption levels and source, Metro Manila, 1997/98.

Consumption MWSS PWW Own Wellsa/ MWSS MWSS 
range  & Own Well & Vendor

(cum./month)

below 100 6 - 2 - -

100 - 500 13 - 9 3 -

500 - 1,000 9 - 5 3 -

1,000 - 5,000 9 1 11 11b/ 2

5,000 - 20,000 2 2 12 11 2

20,000 & above 3 2 15 7 -

Notes:

Data are from PIDS 1997/98 water use survey
a/  Includes 5 firms using water from own well in conjunction with vended water.
b/   Includes 1 firm that supplements water from  MWSS and own well with vended water.



Table 4b.  Distribution of sample firms by consumption level and source, Metro Cebu, 1997/98.

Consumption
range MWSS PWW Own Wells MCWD and MCWD

(cu.m./month) Own Well and Vendor

below 100 17 25 11 8 20

 100  -   500 49 50 11 17 20

 501  -  1,000 10 25 17 17 20

1,001  -  5,000 15 - 45 8 40

over 5,000 10 - 17 3 -

Data are from PIDS 1997/98 water use survey



Table 5a. Water Use by sector and source, selected firms in Metro Manila, 1997/98
(in cubic meters per year)

Metro Manila

 PSIC Industry Total Water a/ MWSS Others

 311-312 Food manufacturing 8,184,468                1,551,840            6,420,440                
                 313 Beverage manufacturing 7,079,532                1,416,000            612,012                   
                 314 Tobacco manufacturing - - -
                 321 Textile manufacturing 1,968,524                114,564               1,853,960                

 322 & 324 Wearing apparel and footwear 20,532                     16,668                 3,864                       
                 323 Leather and leather products - - -
                 331 Wood and wood products - - -
                 332 Wood furniture 7,488                       7,488                   -                          
                 341 Paper and paper products 1,392,620                - 1,392,620                
                 342 Publishing and printing - - -
                 355 Rubber products 189,540                   4,560                   184,980                   

 351, 352 & 
356 Chemicals and plastic products 953,472                   514,476               438,996                   

 353-354 Products of petroleum and coal - - -
 361 & 369 Other nonmetals manufacturing 780,468                   1,320                   779,148                   

                 362 Glass and glass products 169,740                   168,996               744                          
                 363 Cement - - -
                 371 Primary iron and steel products - - -
                 372 Nonferrous basic metals - - -
                 381 Fabricated metal products 423,346                   61,584                 361,762                   
                 382 Non-electrical machinery 111,840                   3,000                   108,840                   
                 383 Electrical machinery 1,937,916                136,500               1,801,416                
                 384 Transport equipment 118,224                   60,036                 58,188                     
                 385 Professional , sci. & precision eqpt. - - -
                 386 Metal furniture - - -
                 390 Other manufacturing 31,404                     17,808                 13,596                     

MANUFACTURING 23,369,115              4,074,840            14,030,568              

Notes:
Data are from PIDS 1997/98 water use survey
a/  For Metro Manila, water consumption from MWSS and OTHERS do not add to up TOTAL consumption 
            for sectors 311-312, and 313 because some firms lack data on breakdown of water use per source.

- no observation



Table 5b. Water Use by sector and source,  selected firms in Metro Cebu, 1997/98
(in cubic meters per year)

Metro Cebu
 PSIC Industry Total Water MCWD Private Wells

 311-312 Food manufacturing 670,740                94,476                  576,264                
            313 Beverage manufacturing 587,544                224,976                362,568                
            314 Tobacco manufacturing - - -
            321 Textile manufacturing - - -

 322 & 324 Wearing apparel and footwear 181,980                142,296                39,684                  
            323 Leather and leather products - - -
            331 Wood and wood products 540                       540                        -                        
            332 Wood furniture 192,480                124,800                67,680                  
            341 Paper and paper products - - -
            342 Publishing and printing - - -
            355 Rubber products - - -
 351, 352 

& 356 Chemicals and plastic products 159,528                51,804                  107,724                
 353-354 Products of petroleum and coal - - -

 361 & 369 Other nonmetals manufacturing 10,068                  1,668                    8,400                    
            362 Glass and glass products nd nd nd
            363 Cement - - -
            371 Primary iron and steel products - - -
            372 Nonferrous basic metals - - -
            381 Fabricated metal products 64,032                  61,068                  2,964                    
            382 Non-electrical machinery 138,804                136,152                2,652                    
            383 Electrical machinery 627,444                606,324                21,120                  
            384 Transport equipment 161,076                39,492                  121,584                
            385 Professional , sci. & precision eqpt. 49,824                  16,176                  33,648                  
            386 Metal furniture - - -
            390 Other manufacturing - - -

MANUFACTURING 2,844,060             1,499,772             1,344,288             

Data are from PIDS 1997/98 water use survey



Table 6a. Water Use Intensity by pollution potential and source of water, sample in Metro Manila, 1997/98.
(cubic meters/P'000 output)

No. of Firms Water Use Intensity
PSIC Industry obser- with Total MWSS Private Wells

vations data

311-312 Food manufacturing 50 18 0.129 0.048 0.123
Highly Pollutive 21 9 0.140 0.090 0.132
Pollutive 20 5 0.082 0.037 0.069
Non-Pollutive 9 4 0.130 0.020 0.120

313 Beverage manufacturing 8 6 0.291 0.186 0.313
Highly Pollutive 8 6 0.291 0.186 0.313
Pollutive - -

314 Tobacco manufacturing
Pollutive - -

321 Textile manufacturing 8 5 0.537 0.054 0.499
Highly Pollutive - -
Pollutive 7 5 0.537 0.054 0.499
Non-Pollutive 1 0

322 & 324 Wearing apparel and footwear 5 1 0.045 0.045 0.000
Non-Pollutive 5 1 0.045 0.045 0.000

323 Leather and leather products
Highly Pollutive - -

331 Wood and wood products
Pollutive - -
Non-Pollutive - -

332 Wood furniture
Non-Pollutive 1 0

341 Paper and paper products 4 1 3.410 0.000 3.410
Highly Pollutive 3 1 3.410 0.000 3.410
Pollutive - -
Non-Pollutive 1 0

342 Publishing and printing
Non-Pollutive - -

355 Rubber products 3 1 0.983 0.000 0.983
Pollutive 3 1 0.983 0.000 0.983

351, 352 & 356 Chemicals and plastic products 22 9 0.029 0.022 0.019
Highly Pollutive 2 0
Pollutive 20 9 0.029 0.022 0.019

353-354 Products of petroleum and coal
Highly Pollutive - -

Continued



Table 6a (Continued).

No. of Firms Water Use Intensity
PSIC Industry obser- with Total MWSS Private Wells

vations data

361 & 369 Other nonmetals manufacturing 5 1 0.262 0.001 0.261
Pollutive 5 1 0.262 0.001 0.261
Non-Pollutive - -

362 Glass and glass products 3 1 0.138 0.138 0.000
Pollutive 3 1 0.138 0.138 0.000

363 Cement
Highly Pollutive - -

371 Primary iron and steel products
Highly Pollutive - -

372 Nonferrous basic metals
Highly Pollutive - -

381 Fabricated metal products 10 3 0.102 0.021 0.081
Pollutive 10 3 0.102 0.021 0.081
Non-Pollutive - -

382 Non-electrical machinery 2 2 0.129 0.004 0.126
Pollutive 2 2 0.129 0.004 0.126
Non-Pollutive - -

383 Electrical machinery 15 7 0.032 0.026 0.017
Pollutive 7 6 0.027 0.026 0.003
Non-Pollutive 8 1 1.270 0.000 1.270

384 Transport equipment 7 2 0.150 0.078 0.071
Pollutive 7 2 0.150 0.078 0.071

385 Professional , sci. & precision eqpt.
Non-Pollutive - -

386 Metal furniture
Pollutive - -

390 Other manufacturing
Non-Pollutive 3 0

Manufacturing 146 57 0.162               0.069              0.163
Highly Pollutive 34 16 0.232               0.171              0.222
Pollutive 84 35 0.088               0.026              0.094
Non-Pollutive 28 6 0.138               0.021              0.130

Data are from PIDS 1997/98 water use survey



Table 6b. Water Use Intensity by pollution potential by source of water, sample firms in Metro Cebu, 1997/98.
(cubic meters/P'000 output)

No. of Firms Water Use Intensity
PSIC Industry obser- with Total MCWD Private Wells

vations data

311-312 Food manufacturing 18 9 0.067 0.015 0.345
Highly Pollutive 5 2 7.338 5.873 6.104
Pollutive 4 2 0.092 0.115 0.080
Non-Pollutive 9 5 0.009 0.003 0.044

313 Beverage manufacturing 2 - - - -
Highly Pollutive 1 - - - -
Pollutive 1 - - - -

314 Tobacco manufacturing -
Pollutive - -

321 Textile manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

322 & 324 Wearing apparel and footwear 10 7 0.139 0.084 0.294
Non-Pollutive 10 7 0.139 0.084 0.294

323 Leather and leather products - - - - -
Highly Pollutive - - - - -

331 Wood and wood products 1 1 0.001 0.001 0.000
Pollutive 1 1 0.001 0.001 0.000
Non-Pollutive - - - - -

332 Wood furniture 2 2 0.517 0.810 0.182
Non-Pollutive 2 2 0.517 0.810 0.182

341 Paper and paper products - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

342 Publishing and printing - - - - -
Non-Pollutive - - - - -

355 Rubber products - - - - -
Pollutive - - - - -

351, 352 & 356 Chemicals and plastic products 14 12 0.061 0.059 0.079
Highly Pollutive 7 6 0.063 0.012 0.074
Pollutive 7 6 0.059 0.047 0.134

353-354 Products of petroleum and coal - - - - -
Highly Pollutive - - - - -

Continued



Table 6b (Continued).

No. of Firms Water Use Intensity
PSIC Industry obser- with Total MCWD Private Wells

vations data

361 & 369 Other nonmetals manufacturing 4 2 0.052 0.010 0.050
Pollutive 4 2 0.052 0.010 0.050
Non-Pollutive - - - - -

362 Glass and glass products 2 - - - -
Pollutive 2 - - - -

363 Cement - - - - -
Highly Pollutive - - - - -

371 Primary iron and steel products - - - - -
Highly Pollutive - - - - -

372 Nonferrous basic metals - - - - -
Highly Pollutive - - - - -

381 Fabricated metal products 8 5 0.010 0.010 0.112
Pollutive 8 5 0.010 0.010 0.112
Non-Pollutive - -

382 Non-electrical machinery 10 5 0.490 0.623 0.007
Pollutive 6 3 0.671 0.671 -
Non-Pollutive 4 2 0.146 0.376 0.007

383 Electrical machinery 11 7 0.108 0.105 0.047
Pollutive 11 7 0.108 0.105 0.047
Non-Pollutive

384 Transport equipment 6 3 4.144 1.555 6.537
Pollutive 6 3 4.144 1.555 6.537

385 Professional , sci. & precision eqpt. 5 4 0.047 0.022 0.080
Non-Pollutive 5 4 0.047 0.022 0.080

386 Metal furniture - - - - -
Pollutive - - - - -

390 Other manufacturing - - - - -
Non-Pollutive - - - - -

Manufacturing 93 57 0.079              0.053              0.192
Highly Pollutive 13 8 0.316              0.258              0.326
Pollutive 50 29 0.076              0.064              0.205
Non-Pollutive 30 20 0.043              0.027              0.095

Data are from PIDS 1997/98 water use survey



Table 7.  Historical Effective Protection Rates (EPR) in percent
Manufacturing sector

PSIC Industry 1988 1992 1995 2000 2004
Pre-EO 264 Post-EO 264

311-312 Food  manufacturing 36.11 53.22 28.15 29.50 33.96 4.23
313 Beverage manufacturing 51.58 45.71 42.22 42.41 14.77 4.81
314 Tobacco manufacturing 48.48 49.25 50.33 50.68 19.85 4.67
321 Textile manufacturing 9.71 9.04 3.79 3.98 1.55 0.82

322 & 324
Wearing apparel and footwear except 
rubber 4.91 4.98 2.98 3.02 0.94 0.46

323 Leather & leather products 27.58 28.05 27.98 17.05 11.23 2.80
331 Wood & wood products 15.34 9.94 8.37 7.63 6.42 -1.02
332 Wood furniture 6.58 9.13 2.37 4.13 4.47 -0.77
341 Paper & paper products 32.33 25.76 19.61 16.57 8.72 4.22
342 Publishing & printing 23.86 22.98 18.25 18.09 15.12 4.42

351, 352 
&356 Chemicals & plastic products 17.76 14.15 12.07 9.00 5.42 3.56

353-354 Petroleum & coal products 15.72 14.10 12.88 11.07 4.26 4.24
355 Rubber products 19.38 19.93 20.66 17.09 10.82 2.94

361 & 369 Pottery, china and earthenware 21.55 28.53 21.98 19.55 8.48 3.12
362 Glass & glass products 44.13 38.28 19.02 21.37 6.97 4.71
363 Cement 61.42 -19.04 -9.70 -8.07 -2.48 5.48
371 Primary iron & steel 8.67 9.19 8.60 4.60 2.77 2.93
372 Nonferrous basic metals 21.53 4.96 13.27 1.54 1.54 2.81
381 Fabricated metals 33.25 32.37 30.84 30.15 16.56 4.54
382 Non-electrical machinery 3.41 0.88 -1.64 -1.31 -0.02 0.91
383 Electrical machinery 7.12 8.17 3.60 4.44 2.63 0.76
384 Transport eqpt 22.20 24.96 16.49 15.20 11.27 3.62
385 Prof., sci. & precision eqpt 18.69 19.93 18.99 13.92 5.26 4.31
386 Metal furniture 50.85 46.66 27.26 30.55 21.83 3.17
390 Other manufacturing industries 7.37 6.56 4.82 3.49 2.60 0.72

MANUFACTURING 24.28 28.94 18.50 18.19 15.70 3.24

Source of basic data: Tan, 1997.



Table 8. Manufacturing sector ouput for the base year and change in output for the various scenarios, Philippines.

PSIC Industry  Base Q Change in Output (%) a/

(1988) E F G H

311-312 Food manufacturing 187,309 0.11 1.76 9.97 11.05
313 Beverage manufacturing 14,222 -5.34 -3.75 -29.30 -28.49
314 Tobacco 12,511 7.86 9.60 -20.40 -19.52
321 Textile manufacturing 21,551 1.15 2.81 2.80 3.83

322 & 324 Wearing apparel & footwear 24,078 3.86 5.55 5.50 6.55
323 Leather & leather products 497 -4.47 -2.87 -6.80 -5.83
331 Wood & wood products 15,533 5.19 6.89 14.50 15.61
332 Wood furniture 6,579 9.37 11.12 17.73 18.86
341 Paper and paper products 8,222 -10.61 -9.07 -15.51 -14.60
342 Publishing & printing 5,420 2.72 4.40 4.78 5.82

351, 352 & 356 Chemicals and plastic products 35,623 -5.83 -3.53 -6.65 -4.87
353-354 Petroleum & coal products 43,917 -0.14 1.51 -5.41 -4.43

355 Rubber and rubber products 6,515 4.35 6.04 1.09 2.11
361 & 369 Pottery, china and earthenware 2,714 7.48 9.21 -7.83 -6.87

362 Glass and glass products 2,308 -17.67 -16.22 -29.66 -28.84
363 Cement 4,163 -61.35 -60.37 -53.68 -53.03
371 Primary iron & steel 16,817 0.15 1.80 1.76 2.79
372 Nonferrous basic metals 5,807 -9.01 -7.46 -5.27 -4.29
381 Fabricated metal products 9,608 3.20 4.88 -8.88 -7.93
382 Non-electrical machinery 2,293 -0.25 1.40 5.55 6.60
383 Electrical machinery 27,041 2.50 4.18 3.99 5.03
384 Transport equipment 5,682 -2.39 -0.77 -3.05 -2.06
385 Prof., sci. & precision eqpt. 497 -0.45 1.20 -7.68 -6.72
386 Metal furniture 100 -10.30 -8.76 -13.51 -12.59
390 Other manufacturing 7,386 2.58 4.26 5.98 7.03

MANUFACTURING 466,395 -0.33 1.31 1.99 3.02

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 9a. Percentage distribution of the manufacturing sector output under different trade regimes, Philippines.

PSIC Industry Distribution of Output (%)
Base E F G H

311-312 Food manufacturing 40.16 40.36 40.34 43.33 43.29
313 Beverage manufacturing 3.05 2.90 2.90 2.11 2.12
314 Tobacco 2.68 2.90 2.90 2.09 2.10
321 Textile manufacturing 4.62 4.69 4.69 4.66 4.66

322 & 324 Wearing apparel & footwear 5.16 5.38 5.38 5.34 5.34
323 Leather & leather products 0.11 0.10 0.10 0.10 0.10
331 Wood & wood products 3.33 3.52 3.51 3.74 3.74
332 Wood furniture 1.41 1.55 1.55 1.63 1.63
341 Paper and paper products 1.76 1.58 1.58 1.46 1.46
342 Publishing & printing 1.16 1.20 1.20 1.19 1.19

351, 352 & 356 Chemicals and plastic products 7.64 7.22 7.27 7.00 7.05
353-354 Petroleum & coal products 9.42 9.44 9.43 8.74 8.74

355 Rubber and rubber products 1.40 1.46 1.46 1.39 1.38
361 & 369 Pottery, china and earthenware 0.58 0.63 0.63 0.53 0.53

362 Glass and glass products 0.49 0.41 0.41 0.34 0.34
363 Cement 0.89 0.35 0.35 0.41 0.41
371 Primary iron & steel 3.61 3.62 3.62 3.60 3.60
372 Nonferrous basic metals 1.25 1.14 1.14 1.16 1.16
381 Fabricated metal products 2.06 2.13 2.13 1.84 1.84
382 Non-electrical machinery 0.49 0.49 0.49 0.51 0.51
383 Electrical machinery 5.80 5.97 5.96 5.92 5.91
384 Transport equipment 1.22 1.19 1.19 1.16 1.16
385 Prof., sci. & precision eqpt. 0.11 0.11 0.11 0.10 0.10
386 Metal furniture 0.02 0.02 0.02 0.02 0.02
390 Other manufacturing 1.58 1.63 1.63 1.65 1.65

MANUFACTURING 100.00 100.00 100.00 100.00 100.00
Total value of output (Mn pesos) 466,395 464,593 472,519 475,395 480,466

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 9b. Percentage distribution of the manufacturing sector output under different trade regimes, Metro Manila.

PSIC Industry Distribution of Output (%)
Base E F G H

311-312 Food manufacturing 15.31 15.35 15.32 17.10 17.06
313 Beverage manufacturing 3.36 3.19 3.18 2.41 2.41
314 Tobacco 7.33 7.92 7.90 5.93 5.92
321 Textile manufacturing 7.56 7.66 7.65 7.90 7.88

322 & 324 Wearing apparel & footwear 8.29 8.63 8.61 8.89 8.87
323 Leather & leather products 0.18 0.17 0.17 0.17 0.17
331 Wood & wood products 1.55 1.64 1.63 1.81 1.80
332 Wood furniture 0.65 0.72 0.72 0.78 0.78
341 Paper and paper products 2.16 1.93 1.93 1.85 1.85
342 Publishing & printing 2.80 2.88 2.87 2.98 2.97

351, 352 & 
356 Chemicals and plastic products 21.46 20.24 20.37 20.35 20.49

353-354 Petroleum & coal products 0.31 0.31 0.30 0.29 0.29
355 Rubber and rubber products 2.78 2.91 2.90 2.86 2.85

361 & 369 Pottery, china and earthenware 0.91 0.98 0.98 0.85 0.85
362 Glass and glass products 1.06 0.88 0.87 0.76 0.76
363 Cement - - - - -
371 Primary iron & steel 5.28 5.29 5.29 5.46 5.45
372 Nonferrous basic metals 0.06 0.06 0.06 0.06 0.06
381 Fabricated metal products 2.22 2.29 2.29 2.05 2.05
382 Non-electrical machinery 1.95 1.95 1.94 2.09 2.08
383 Electrical machinery 10.92 11.21 11.19 11.53 11.51
384 Transport equipment 2.86 2.80 2.79 2.82 2.81
385 Prof., sci. & precision eqpt. 0.08 0.08 0.08 0.08 0.08
386 Metal furniture 0.06 0.05 0.05 0.05 0.05
390 Other manufacturing 0.88 0.90 0.90 0.94 0.94

MANUFACTURING 100.00 100.00 100.00 100.00 100.00
Total value of output (Mn pesos) 147,079 146,846 149,495 144,770 146,499

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 9c. Percentage distribution of the manufacturing sector output under different trade regime assumptions (%), Region 7.

PSIC Industry Distribution of Output (%)
Base E F G H

311-312 Food manufacturing 23.47 23.57 23.55 26.48 26.45
313 Beverage manufacturing 20.37 19.34 19.33 14.78 14.79
314 Tobacco - - - - -
321 Textile manufacturing 0.69 0.70 0.70 0.72 0.72

322 & 324 Wearing apparel & footwear 1.18 1.23 1.23 1.28 1.28
323 Leather & leather products 0.08 0.08 0.08 0.08 0.08
331 Wood & wood products 1.10 1.16 1.16 1.29 1.29
332 Wood furniture 14.02 15.38 15.36 16.94 16.91
341 Paper and paper products 0.55 0.49 0.49 0.47 0.47
342 Publishing & printing 0.22 0.23 0.23 0.24 0.24

351, 352 & 356 Chemicals and plastic products 10.48 9.90 9.97 10.04 10.12
353-354 Petroleum & coal products - - - - -

355 Rubber and rubber products 8.15 8.53 8.52 8.46 8.45
361 & 369 Pottery, china and earthenware 1.19 1.28 1.28 1.12 1.12

362 Glass and glass products 3.61 2.98 2.98 2.60 2.60
363 Cement 0.06 0.02 0.02 0.03 0.03
371 Primary iron & steel 2.90 2.91 2.91 3.02 3.02
372 Nonferrous basic metals 0.07 0.06 0.06 0.07 0.07
381 Fabricated metal products 1.96 2.03 2.03 1.83 1.83
382 Non-electrical machinery 0.66 0.66 0.66 0.71 0.71
383 Electrical machinery 5.28 5.43 5.43 5.64 5.63
384 Transport equipment 1.52 1.49 1.49 1.51 1.51
385 Prof., sci. & precision eqpt. 0.00 0.00 0.00 0.00 0.00
386 Metal furniture - - - - -
390 Other manufacturing 2.46 2.53 2.53 2.68 2.67

MANUFACTURING 100.00 100.00 100.00 100.00 100.00
Total value of output (Mn pesos) 14,845 14,798 15,053 14,465 14,625

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 10.  Manufacturing sector output, absolute abatement costs and pollution intensities, (Medalla & Intal, 1996)

Base A B C D

Output (Mn pesos) 205,162 177,736 211,394 155,776 207,372

Pollution Intensity for air & water (%) a/ 0.3405 0.3401 0.3401 0.3395 0.3394
Prospective abatement cost (Mn pesos) 699 604 719 529 704

Pollution Intensity for water only (%) b/ 0.0578 0.0553 0.0552 0.0519 0.0514
Prospective abatement cost (Mn pesos) 119 98 117 81 107

a/
A       refers to post trade reform: a 50% proportional decrease in EPR from 1985 levels, given fixed exchange rate.

B       refers to post trade reform: a 50% proportional decrease in EPR from 1985 levels, given flexible exchange rate.

C       refers to post trade reform: a uniform  EPR of 5% across all sectors, from 1985 levels, given fixed exchange rate.

D      refers to post trade reform: a uniform  EPR of 5% across all sectors, from 1985 levels, given flexible exchange rate.

The base output is obtained from the 1983 I-O Table.

b/
Authors' computation based on Medalla and Intal simulation results and the ENRAP EWDS estimate for water only.



Table 11a. Distribution of  prospective water pollution abatement cost across sectors for various scenarios (%), Philippines

Distribution of Abatement Cost (%)
PSIC Industry Base E F G H

311-312 Food manufacturing 33.41 34.95 34.92 39.49 39.45
313 Beverage manufacturing 23.19 22.94 22.93 17.62 17.63
314 Tobacco - - - - -
321 Textile manufacturing 11.68 12.34 12.33 12.90 12.89

322 & 324 Wearing apparel & footwear - - - - -
323 Leather & leather products 2.71 2.70 2.70 2.71 2.71
331 Wood & wood products 0.69 0.75 0.75 0.84 0.84
332 Wood furniture - - - - -
341 Paper and paper products 9.09 8.49 8.49 8.25 8.25
342 Publishing & printing - - - - -

351, 352 & 356 Chemicals and plastic products 6.39 6.28 6.33 6.41 6.46
353-354 Petroleum & coal products 2.71 2.83 2.83 2.76 2.76

355 Rubber and rubber products - - - - -
361 & 369 Pottery, china and earthenware - - - - -

362 Glass and glass products 1.28 1.11 1.11 0.97 0.97
363 Cement 2.63 1.06 1.07 1.31 1.31
371 Primary iron & steel 4.11 4.30 4.30 4.50 4.50
372 Nonferrous basic metals - - - - -
381 Fabricated metal products 1.05 1.13 1.13 1.03 1.03
382 Non-electrical machinery 0.95 0.99 0.99 1.07 1.07
383 Electrical machinery 0.11 0.12 0.12 0.12 0.12
384 Transport equipment - - - - -
385 Prof., sci. & precision eqpt. - - - - -
386 Metal furniture - - - - -
390 Other manufacturing - - - - -

MANUFACTURING (%) 100.00 100.00 100.00 100.00 100.00
Total manufacturing water AC 256.49 245.48 249.71 238.63 241.24
      (Mn pesos)

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 11b. Distribution of  prospective water pollution abatement cost across sectors for various scenarios (%), Metro Manila

Distribution of Abatement Cost (%)
PSIC Industry Base E F G H

311-312 Food manufacturing 12.10 12.59 12.57 14.62 14.59
313 Beverage manufacturing 24.30 23.91 23.88 18.88 18.87
314 Tobacco - - - - -
321 Textile manufacturing 18.16 19.09 19.06 20.51 20.47

322 & 324 Wearing apparel & footwear - - - - -
323 Leather & leather products 4.26 4.23 4.23 4.37 4.36
331 Wood & wood products 0.30 0.33 0.33 0.38 0.38
332 Wood furniture - - - - -
341 Paper and paper products 10.57 9.82 9.81 9.81 9.80
342 Publishing & printing - - - - -

351, 352 & 356 Chemicals and plastic products 17.05 16.68 16.79 17.48 17.61
353-354 Petroleum & coal products 0.08 0.09 0.09 0.09 0.09

355 Rubber and rubber products - - - - -
361 & 369 Pottery, china and earthenware - - - - -

362 Glass and glass products 2.62 2.24 2.24 2.02 2.02
363 Cement - - - - -
371 Primary iron & steel 5.72 5.96 5.95 6.40 6.39
372 Nonferrous basic metals - - - - -
381 Fabricated metal products 1.07 1.15 1.15 1.07 1.07
382 Non-electrical machinery 3.56 3.70 3.69 4.13 4.13
383 Electrical machinery 0.20 0.21 0.21 0.23 0.23
384 Transport equipment - - - - -
385 Prof., sci. & precision eqpt. - - - - -
386 Metal furniture - - - - -
390 Other manufacturing - - - - -

MANUFACTURING (%) 100.00 100.00 100.00 100.00 100.00
Total manufacturing water AC 85.12 81.90 83.37 77.46 78.39
      (Mn pesos)

Notes:
a/               EFixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 11c. Distribution of  prospective water pollution abatement cost across sectors for various scenarios (%), Region 7

Distribution of Abatement Cost (%)
PSIC Industry Base E F G H

311-312 Food manufacturing 9.51 10.05 10.05 13.60 13.57
313 Beverage manufacturing 75.49 75.44 75.42 69.38 69.37
314 Tobacco - - - - -
321 Textile manufacturing 0.85 0.90 0.90 1.13 1.13

322 & 324 Wearing apparel & footwear - - - - -
323 Leather & leather products 0.99 1.00 1.00 1.20 1.20
331 Wood & wood products 0.11 0.12 0.12 0.16 0.16
332 Wood furniture - - - - -
341 Paper and paper products 1.37 1.30 1.30 1.51 1.51
342 Publishing & printing - - - - -

351, 352 & 356 Chemicals and plastic products 4.27 4.24 4.27 5.18 5.22
353-354 Petroleum & coal products - - - - -

355 Rubber and rubber products - - - - -
361 & 369 Pottery, china and earthenware - - - - -

362 Glass and glass products 4.56 3.97 3.97 4.17 4.17
363 Cement 0.08 0.03 0.03 0.05 0.05
371 Primary iron & steel 1.61 1.70 1.70 2.13 2.13
372 Nonferrous basic metals - - - - -
381 Fabricated metal products 0.49 0.53 0.53 0.58 0.58
382 Non-electrical machinery 0.62 0.65 0.65 0.85 0.85
383 Electrical machinery 0.05 0.05 0.05 0.07 0.07
384 Transport equipment - - - - -
385 Prof., sci. & precision eqpt. - - - - -
386 Metal furniture - - - - -
390 Other manufacturing - - - - -

MANUFACTURING (%) 100.00 100.00 100.00 100.00 100.00
Total manufacturing water AC 16.76 15.87 16.14 12.89 13.04
      (Mn pesos)

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 12.  Summary of water pollution intensity, output and abatement cost estimates in various trade scenarios

Base (1988) E F G H

Philippines
Pollution Intensity (%) 0.054994 0.052838 0.052846 0.050197 0.050210
Output (Mn pesos) 466,395 464,593 472,519 475,395 480,466
Abatement Cost (Mn pesos) 256.49 245.48 249.71 238.63 241.24

Metro Manila
Pollution Intensity (%) 0.057874 0.055770 0.055766 0.053508 0.053510
Output (Mn pesos) 147,079 146,846 149,495 144,770 146,499
Abatement Cost (Mn pesos) 85.12 81.90 83.37 77.46 78.39

Region 7
Pollution Intensity (%) 0.112878 0.107250 0.107235 0.089113 0.089157
Output (Mn pesos) 14,845 14,798 15,053 14,465 14,625
Abatement Cost (Mn pesos) 16.76 15.87 16.14 12.89 13.04



Table 13a. Distribution of water use across sectors for various trade scenarios (%), Metro Manila.

PSIC Industry Distribution of water use  (%)
Base E F G H

311-312 Food manufacturing 14.90 15.34 15.34 16.97 16.96
313 Beverage manufacturing - - - - -
314 Tobacco - - - - -
321 Textile manufacturing 22.78 23.71 23.69 24.26 24.25

322 & 324 Wearing apparel & footwear 1.97 2.11 2.11 2.16 2.15
323 Leather & leather products - - - - -
331 Wood & wood products - - - - -
332 Wood furniture - - - - -
341 Paper and paper products 32.67 30.04 30.05 28.60 28.60
342 Publishing & printing - - - - -

351, 352 & 356 Chemicals and plastic products 3.99 3.86 3.89 3.86 3.89
353-354 Petroleum & coal products - - - - -

355 Rubber and rubber products 13.88 14.90 14.89 14.54 14.53
361 & 369 Pottery, china and earthenware 1.65 1.82 1.82 1.57 1.57

362 Glass and glass products 1.24 1.05 1.05 0.91 0.91
363 Cement - - - - -
371 Primary iron & steel - - - - -
372 Nonferrous basic metals - - - - -
381 Fabricated metal products 1.24 1.31 1.31 1.17 1.17
382 Non-electrical machinery 1.25 1.28 1.28 1.36 1.36
383 Electrical machinery 1.96 2.06 2.06 2.11 2.11
384 Transport equipment 2.49 2.50 2.50 2.50 2.50
385 Prof., sci. & precision eqpt. - - - - -
386 Metal furniture - - - - -
390 Other manufacturing - - - - -

MANUFACTURING 100.00 100.00 100.00 100.00 100.00

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 13b. Distribution of water use across sectors for various trade scenarios (%), Region 7.

PSIC Industry Distribution of water use  (%)
Base E F G H

311-312 Food manufacturing 18.28 17.55 17.55 19.01 19.00
313 Beverage manufacturing 8.12 7.37 7.37 5.43 5.43
314 Tobacco - - - - -
321 Textile manufacturing - - - - -

322 & 324 Wearing apparel & footwear 1.43 1.42 1.42 1.43 1.43
323 Leather & leather products - - - - -
331 Wood & wood products 18.82 18.99 18.98 20.38 20.37
332 Wood furniture 27.69 29.05 29.03 30.83 30.81
341 Paper and paper products - - - - -
342 Publishing & printing - - - - -

351, 352 & 356 Chemicals and plastic products 3.66 3.31 3.33 3.23 3.26
353-354 Petroleum & coal products - - - - -

355 Rubber and rubber products - - - - -
361 & 369 Pottery, china and earthenware 15.43 15.90 15.89 13.45 13.45

362 Glass and glass products - - - - -
363 Cement - - - - -
371 Primary iron & steel - - - - -
372 Nonferrous basic metals - - - - -
381 Fabricated metal products 1.86 1.84 1.84 1.60 1.60
382 Non-electrical machinery 1.53 1.47 1.47 1.53 1.53
383 Electrical machinery 2.65 2.61 2.61 2.61 2.61
384 Transport equipment 0.19 0.18 0.18 0.17 0.17
385 Prof., sci. & precision eqpt. 0.0005 0.0005 0.0005 0.0004 0.0004
386 Metal furniture - - - - -
390 Other manufacturing 0.34 0.34 0.34 0.34 0.34

MANUFACTURING 100.00 100.00 100.00 100.00 100.00

Notes:
a/               E Fixed exchange rate, change in EPR from 1988 to 1995 (post EO 264)

F Flexible exchange rate, change in EPR from 1988 to 1995 (post EO 264)
G Fixed exchange rate, change in EPR from 1988 to year 2000
H Flexible exchange rate, change in EPR from 1988 to year 2000

Base year is 1988



Table 14.  Water use intensities, water use and value of output, various trade scenarios

Base (1988) E F G H

Metro Manila
Water use intensity (cum/P'000) 0.416891 0.405821 0.405386 0.408785 0.408233
Water Use (cu.m.) 61,315,837 59,593,367 60,603,036 59,179,800 59,805,836
Value of Output (P'000) 147,078,890 146,846,468 149,494,709 144,769,988 146,499,206

Region 7
Water use intensity (cum/P'000) 0.446586 0.467170 0.466829 0.484671 0.484256
Water Use (cu.m.) 6,629,453 6,913,220 7,027,397 7,010,613 7,082,254
Value of Output (P'000) 14,844,733 14,798,082 15,053,475 14,464,698 14,625,006



Appendix Table 1. Classification of industries by water pollution potential, 1983 a/.

1977

PSIC Industry Description Poll'n Classification b/

CODE

MANUFACTURING

311 FOOD MANUFACTURING
3111 SLAUGHTERING,PREPARING & PRESERV MEAT HP
3112 MFR OF PROCESSED MILK HP
3113 MFR OF DAIRY PRODUCTS, EXCEPT MILK HP
3114 CANNING/PRESERV OF FRUITS & VEGETABLES HP
3115 CANNING/PRESERV OF FISH, CRUST ,OTHERS HP
3116 PRODN OF CRUDE COCO OIL,INC CAKE/MEAL HP
3117 MFR OF VEGETABLE & ANIMAL OILS & FATS HP
3118 RICE & CORN MILLING NP
3119 FLOUR MILLING, EXCEPT CASSAVA NP

312 FOOD MANUFACTURING
3121 MFR OF OTHER GRAIN MILL PRODUCTS NP
3122 MFR OF BAKERY PRODUCTS NP
3123 SUGAR MILLING &   REFINING HP
3124 MFR OF COCOA,CHOCOLATE & SUGAR CONFECT P
3125 MFR OF DESSICATED COCONUT
3126 MFR OF ICE,EXCEPT DRY ICE
3127 COFFEE ROASTING & PROCESSING
3128 MFR OF PREPARED/UNPREPARED ANIMAL FEEDS NP
3129 FOOD MANUFACTURING,N.E.C. P

313 BEVERAGE MANUFACTURING
3131 DISTILLING,RECTIFYING & BLENDING SPIRIT HP
3132 WINE MFG HP
3133 MALT LIQOURS & MALT HP
3134 SOFT DRINKS & CARBONATED WATER MFG P

314 TOBACCO MANUFACTURING
3141 MFR OF CIGARETTES P
3142 MFR OF CIGARS P
3143 MFR OF CHEWING & SMOKING TOB,SNUFF P
3144 CURING & REDRYING TOBACCO LEAVES P

321 MFR OF TEXTILES
3211 SPINNING,WEAVING,TEXTZG,FINSHG TEXTILE HP
3212 KNITTING MILLS P
3213 MFR OF MADE-UP TEXTILE GOODS NP
3214 MFR OF CARPETS & RUGS P
3215 CORDAGE,ROPE & TWINE MFG NP
3216 ARTIFICIAL LEATHER,OIL CLOTH & OTHERS
3217 FIBER BATTING,PADDING & UPHOLS FILLING
3219 MFR OF TEXTILES N.E.C. P

322 MFR OF WEARING APPAREL, EXCEPT FOOTWEAR
3221 CUSTOM TAILORING & DRESSMAKING SHOPS NP
3222 READY-MADE CLOTHING MFG NP
3223 EMBROIDERY ESTABLISHMENTS NP
3229 MFR OF WEARING APPAREL, EXC FTWR,N.E.C. NP

323 LEATHER & PRODUCTS OF LTHR, SUBS & FUR
3231 TANNERIES & LEATHER FINISHING HP
3232 PRODUCTS OF LEATHER & LTHR SUBS,EX FTWR HP

continued



Appendix Table 1 (Continued).

1977
PSIC Industry Description Poll'n Classification

CODE

324 MFR OF LEATHER FOOTWEAR
3241 MFR OF LEATHER SHOES NP
3249 MFR OF FOOTWEAR (LEATHER), N.E.C. NP

331 MFR OF WOOD & WOOD/CORK PRODS, EXC FURN
3311 SAWMILLS & PLANING MILLS P
3312 MFR OF VENEER & PLYWOOD P
3313 MFR OF HARDBOARD & PARTICLEBOARD P
3314 WOOD DRYING & PRESERVING PLANTS P
3315 MILLWORK PLANTS P
3316 MFR OF WOODEN/CANE CONTAINERS NP
3317 MFR OF WOOD CARVINGS NP
3319 MFR OF WOOD,CORK & CANE PRODS, N.E.C. NP
332 MFR/RPR OF FURNITURE & FIXTURE (WOODEN)

3321 MFR/RPR OF WOOD FURN INC UPHOLSTERY NP
3322 MFR/RPR OF RATTAN FURN INC UPHOLSTERY NP
3323 MFR OF BOX BEDS & MATTRESSES NP
3324 PARTITIONS,SHELVES,LOCKERS, OFFICE FIX NP
3325 WINDOW/DOOR SCREENS,SHADES,VENTIAN BLIN NP
3329 FURN & FIXTURES,N.E.C. EXC OF METAL NP

341 MFR OF PAPER & PAPER PRODUCTS
3411 MFR OF PULP, PAPER & PAPERBOARD HP
3412 CONTAINERS & BOXES OF PAPER & PAPERBRD NP
3413 MFR OF ARTICLES OF PAPER
3414 MFR OF ARTICLES OF PAPERBOARD
3419 PULP,PAPER,PAPERBOARD ARTICLES,N.E.C. HP

342 PRINTING, PUBLISHING & ALLIED IND
3421 PRINTING OF NEWSPAPERS &   PERIODICALS NP
3422 PRINTING & PUBLSHNG OF BOOKS & PAMPHLET NP
3423 COMMERCIAL & JOB PRINTING NP
3429 PRINTING, PUBLSHNG & ALLIED IND,N.E.C. NP

351 MFR OF INDUSTRIAL CHEMICALS
3511 BASIC INDUSTRIAL CHEMICALS EXC FERT HP
3512 MFR OF FERTILIZERS P
3513 SYNTHETIC RESINS, PLAST MATERIALS P
3514 PESTICIDES,INSECTICIDES,FUNGCDES & HER P

352 MFR OF OTHER CHEMICAL PRODUCTS
3521 MFR OF PAINTS,VARNISHES & LACQUERS P
3522 MFR OF DRUGS &  MEDICINES P
3523 SOAP & CLEANING PREPRTION,PERFUMES,COSM HP
3529 MFR OF CHEMICAL PRODUCTS, N.E.C. HP

353 PETROLEUM REFINERIES
3530 PETROLEUM REFINERIES HP

354 MISC PRODUCTS OF PETROLEUM & COAL
3540 MISC PRODUCTS OF PETROLEUM & COAL HP

continued



Appendix Table 1 (Continued).

1977
PSIC Industry Description Poll'n Classification

CODE

355 MFR OF RUBBER PRODUCTS
3551 TIRE & TUBE MFG P
3552 MFR OF RUBBER FOOTWEAR
3559 MFR OF RUBBER PRODUCTS, N.E.C. P

356 MFR OF PLASTIC PRODUCTS, N.E.C.
3560 MFR OF PLASTIC PRODUCTS, N.E.C. P

361 MFR OF POTTERY, CHINA & EARTHENWARE
3610 MFR OF POTTERY, CHINA & EARTHENWARE P

362 MFR OF GLASS & GLASS PRODUCTS
3620 MFR OF GLASS & GLASS PRODUCTS P

363 MFR OF CEMENT
3630 MFR OF CEMENT HP

369 MFR OF OTHER NON-METALLIC PRODUCTS, NEC
3691 MFR OF STRUCTURAL CLAY PRODUCTS P
3692 MFR OF STRUCTURAL CONCRETE PRODUCTS
3699 MFR OF NON-MET MINERAL PRODS, N.E.C. P

371 IRON & STEEL BASIC INDUSTRIES
3711 BLAST FURNACES & STEEL MAKING FURNACES HP
3712 STEEL WORKS & ROLLING MILLS HP
3713 IRON & STEEL FOUNDRIES HP
3719 IRON & STEEL BASIC INDUSTRIES, N.E.C. HP

372 NON-FERROUS METAL BASIC INDUSTRIES
3721 GOLD & OTHER PRECIOUS METAL REFINING HP
3722 NON-FERROUS SMELTING & REFNG PLANTS HP
3723 NON-FERROUS ROLLING,DRWNG & EXTRUS MILL HP
3724 NON-FERROUS FOUNDRIES HP
3729 NON-FERROUS METAL BASIC INDUSTRIES,NEC HP

381 FABRICATED METAL PRODS EXC MACH & EQUIP
3811 MFR OF CUTLERY,HAND TOOLS & GEN HRDWARE NP
3812 MFR OF STRUCTURAL METAL PRODUCTS P
3813 MFR OF METAL CONTAINERS
3814 METAL STAMPING,COATING & ENGRAVING MILL
3815 MFR OF FABRICATED WIRE PRODUCTS
3816 MFR OF NON-ELECT LIGHTING & HEATING FIX
3819 FAB METAL PRODS, NEC EXC MACH & EQUIP NP

continued



Appendix Table 1 (Continued).

1977
PSIC Industry Description Poll'n Classification

CODE

382 MFR OF MACHINERY EXC ELECTRICAL
3821 MFR OF ENGINES & TURBINES P
3822 MFR OF AGRICULTURAL MACHINERY & EQUIP P
3823 MFR OF METAL & WOOD WORKING MACHINERY P
3824 MFR OF SPECIAL INDL MACHINERY & EQUIP P
3825 MFR OF OFFICE,COMPUTING & ACCTNG MACHY NP
3829 MFR OF MACHY & EQUIP, N.E.C. EXC ELECTL P

383 ELECT MACH APPARATUS, APPLIANCES & SUPP
3831 MFR OF ELECT INDL MACHY & APPARATUS P
3832 MFR OF RADIO, TV & COMM EQUIP & APPAR NP
3833 MFR OF ELECT APPLIANCES & HOUSEWARES P
3834 MFR OF PRIMARY CELLS & BATTERIES
3835 MFR OF ELECTRIC ACCUMULATORS
3836 MFR OF ELECTRIC WIRES & WIRING DEVICES
3839 MFR OF ELECTL APPARATUS & SUPPLIES,NEC P

384 MFR OF TRANSPORT EQUIPMENT
3841 SHIP BUILDING & REPAIRING P
3842 MRF OF RAILROAD EQUIPMENT P
3843 MFR & ASSEMBLY OF MOTOR VEHICLES P
3844 REBLDNG/MAJOR ALTRN OF MOTOR VEHICLES P
3845 MFR OF VEHICLE PARTS & ACCESSORIES P
3846 MFR OF MOTORCYCLES & BICYCLES P
3847 MFR OF AIRCRAFT P
3849 MFR OF TRANSPORT EQUIPMENT, N.E.C. P

385 PROF,SCIENTFC,MSURG & CONT EQUIPMENT
3851 PROF,SCIENTFC,MSURNG & CONT EQUIP, NEC NP
3852 MFR OF PHOTOGRAPHIC & OPTICAL INSTRUMTS NP
3853 MFR OF WATCHES & CLOCKS NP

386 FURNITURE & FIXTURES, PRIM OF METAL
3860 FURNITURE & FIXTURES, PRIM OF METAL P

390 OTHER MANUFACTURING INDUSTRIES
3901 MFR OF JEWELRY & RELATED ARTICLES NP
3902 MFR OF MUSICAL INSTRUMENTS P
3903 MFR OF SPORTING & ATHLETIC GOODS NP
3904 SURGICAL,DENTAL,MEDICAL & ORTHO SUPPL *
3905 MFR OF OPTHALMIC GOODS,E.G.,EYEGLASSES *
3906 MFR OF TOYS & DOLLS,EXC OF RUBR & PLAS *
3907 MFR OF STATIONERS',ARTISTS' & OFC SUPP *
3909 MANUFACTURING INDUSTRIES N.E.C. *

Notes:

 a/ Pollution Parameters for Water (PPM)

Highly Pollutive Pollutive Non-Pollutive

BOD 300 50-300 50
Suspended Solids 600 100-600 100
Dissolved Solids 200 500-2,000 500
Oils and Grease 1,000 10-1,000 10
Phenolic Wastes 50 25-50 0
Cyanides 40 2-40 0
Zn, Cr, AS, Ag, Cn
      Hg, Pb, Bi, Ba, Cd 20 1-20 1
       

b/ Pollution classification:
HP Highly Pollutive
P Pollutive

NP Non-Pollutive
* not included in the classification

Source: Environmental Assessment Handbook, NEPC 1983



Appendix Table 2. Water Use intensity by pollution potential, Mactan Economic Zone (Groundwater Source) 1998.
(cubic meters/P'000 output)

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

311-312 Food manufacturing 3 - - - -
Highly Pollutive 1 - - - -
Pollutive - - - - -
Non-Pollutive 2 - - - -

313 Beverage manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -

314 Tobacco manufacturing - - - - -
Pollutive - - - - -

321 Textile manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

322 & 324 Wearing apparel and footwear 24 11 89,896 1,238,240 0.073
Non-Pollutive 24 11 89,896 1,238,240 0.073

323 Leather and leather products - - - - -
Highly Pollutive - - - - -

331 Wood and wood products 1 1 3,572 61,205 0.058
Pollutive 1 1 3,572 61,205 0.058
Non-Pollutive - - - - -

332 Wood furniture 2 2 117,704 279,977 0.420
Non-Pollutive 2 2 117,704 279,977 0.420

341 Paper and paper products 1 1 5,508 7,069 0.779
Highly Pollutive - - - - -
Pollutive - - - - -
Non-Pollutive 1 1 5,508 7,069 0.779

342 Publishing and printing - - - - -
Non-Pollutive - - - - -

355 Rubber products 1 1 9,596 32,164 0.298
Pollutive 1 1 9,596 32,164 0.298

351, 352 & 356Chemicals and plastic products 6 3 34,420 199,529 0.173
Highly Pollutive 5 2 4,104 45,791 0.090
Pollutive 1 1 30,316 153,738 0.197

353-354 Products of petroleum and coal - - - - -
Highly Pollutive - - - - -

Continued



Appendix Table 2 (Continued).

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

361 & 369 Other nonmetals manufacturing - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

362 Glass and glass products - - - - -
Pollutive - - - - -

363 Cement - - - - -
Highly Pollutive - - - - -

371 Primary iron and steel products 2 2 4,684               574,314         0.008
Highly Pollutive 2 2 4,684 574,314 0.008

372 Nonferrous basic metals - - - - -
Highly Pollutive - - - - -

381 Fabricated metal products 12 7 108,876 2,674,572 0.041
Pollutive 12 7 108,876 2,674,572 0.041
Non-Pollutive - -

382 Non-electrical machinery 1 - - - -
Pollutive 1 - - - -
Non-Pollutive

383 Electrical machinery 21 10 602,208 25,560,119 0.024
Pollutive - - - - -
Non-Pollutive 21 10 602,208 25,560,119 0.024

384 Transport equipment 4 3 81,664 3,200,391 0.026
Pollutive 4 3 81,664 3,200,391 0.026

385 Professional , sci. & precision eqpt.11 8 325,124 11,351,089 0.029
Non-Pollutive 11 8 325,124 11,351,089 0.029

386 Metal furniture 1 1 12,636             88,778           0.142
Pollutive 1 1 12,636 88,778 0.142

390 Other manufacturing 13 10 45,498             353,560         0.129
Non-Pollutive 13 10 45,498 353,560 0.129

Manufacturing 103 60 1,441,386 45,621,007 0.032
Highly Pollutive 8 4 8,788 620,105 0.014
Pollutive 21 14 246,660 6,210,848 0.040
Non-Pollutive 74 42 1,185,938 38,790,054 0.031

Notes:
Water consumption data for the PEZA firms are from the respective zone 
    engineering/maintenance office.



Appendix Table 3.  Water Use intensity by pollution potential, Bataan Economic Zone (Surface Water ), 1997.
(in cubic meters/P'000 output)

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

311-312 Food manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

313 Beverage manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -

314 Tobacco manufacturing - - - - -
Pollutive - - - - -

321 Textile manufacturing 5 3 265,481 650,433 0.408
Highly Pollutive 5 3 265,481 650,433 0.408
Pollutive - - - - -
Non-Pollutive - - - - -

322 & 324 Wearing apparel and footwear 25 15 222,668 2,901,579 0.077
Non-Pollutive 25 15 222,668 2,901,579 0.077

323 Leather and leather products 2 1 9,505          19,472        0.488
Highly Pollutive 2 1 9,505 19,472 0.488

331 Wood and wood products - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

332 Wood furniture - - - - -
Non-Pollutive - - - - -

341 Paper and paper products 1 1 23,680 87,621 0.270
Highly Pollutive - - - - -
Pollutive - - - - -
Non-Pollutive 1 1 23,680 87,621 0.270

342 Publishing and printing - - - - -
Non-Pollutive - - - - -

355 Rubber products 4 4 95,224 2,858,847 0.033
Pollutive 4 4 95,224 2,858,847 0.033

351, 352 & 356Chemicals and plastic products 8 7 161,462 188,695 0.856
Highly Pollutive 8 7 161,462 188,695 0.856
Pollutive

353-354 Products of petroleum and coal - - - - -
Highly Pollutive - - - - -

Continued



Appendix Table 3(Continued).

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

361 & 369 Other nonmetals manufacturing - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

362 Glass and glass products - - - - -
Pollutive - - - - -

363 Cement - - - - -
Highly Pollutive - - - - -

371 Primary iron and steel products - - - - -
Highly Pollutive - - - - -

372 Nonferrous basic metals - - - - -
Highly Pollutive - - - - -

381 Fabricated metal products - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

382 Non-electrical machinery - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

383 Electrical machinery 2 2 142,237 2,927,366 0.049
Pollutive 2 2 142,237 2,927,366 0.049
Non-Pollutive

384 Transport equipment 3 1 23,475 5,022 4.674
Pollutive 3 1 23,475 5,022 4.674

385 Professional , sci. & precision eqpt. 2 1 296,517 503,706 0.589
Non-Pollutive 2 1 296,517 503,706 0.589

386 Metal furniture - - - - -
Pollutive - - - - -

390 Other manufacturing 5 2 165,133      617,266      0.268
Non-Pollutive 5 2 165,133 617,266 0.268

Manufacturing 57 37 1,405,382 10,760,007 0.131
Highly Pollutive 15 11 436,448 858,600 0.508
Pollutive 9 7 260,936 5,791,235 0.045
Non-Pollutive 33 19 707,998 4,110,172 0.172

Notes:
Water consumption data for the PEZA firms are from the respective zone 
    engineering/maintenance office.



Appendix Table 4. Water Use intensity by pollution potential, Cavite Economic Zone (Groundwater Source), 1998.
(in cubic meters/P'000 output)

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

311-312 Food manufacturing 1 1 26,052 41,729 0.624
Highly Pollutive - - - - -
Pollutive 1 1 26,052 41,729 0.624
Non-Pollutive

313 Beverage manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -

314 Tobacco manufacturing 1 1 77,756           396,288     0.196
Pollutive 1 1 77,756 396,288 0.196

321 Textile manufacturing 1 1 1,206 9,686 0.125
Highly Pollutive - - - - -
Pollutive 1 1 1,206 9,686 0.125
Non-Pollutive - - - - -

322 & 324 Wearing apparel and footwear 36 31 914,638 8,370,973 0.109
Non-Pollutive 36 31 914,638 8,370,973 0.109

323 Leather and leather products 5 4 110,180         876,603     0.126
Highly Pollutive 5 4 110,180 876,603 0.126

331 Wood and wood products 3 3 173,520 1,584,522 0.000
Pollutive 3 3 173,520 1,584,522 0.110
Non-Pollutive - - - - -

332 Wood furniture - - - - -
Non-Pollutive - - - - -

341 Paper and paper products 6 5 153,800 559,826 0.275
Highly Pollutive 3 2 106,592 458,326 0.233
Pollutive - - - - -
Non-Pollutive 3 3 47,208 101,500 0.465

342 Publishing and printing 1 1 11,808           33,108       0.357
Non-Pollutive 1 1 11,808 33,108 0.357

355 Rubber products 3 2 20,740 28,616 0.725
Pollutive 3 2 20,740 28,616 0.725

351, 352 & 356Chemicals and plastic products 19 17 249,802 1,400,110 0.178
Highly Pollutive 1 - - - -
Pollutive 18 17 249,802 1,400,110 0.178

353-354 Products of petroleum and coal - - - - -
Highly Pollutive - - - - -

Continued



Appendix Table 4(Continued).

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

361 & 369 Other nonmetals manufacturing - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

362 Glass and glass products 1 1 11,260 27,118 0.415
Pollutive 1 1 11,260 27,118 0.415

363 Cement - - - - -
Highly Pollutive - - - - -

371 Primary iron and steel products - - - - -
Highly Pollutive - - - - -

372 Nonferrous basic metals 1 1 73,282           283,775     0.258
Highly Pollutive 1 1 73,282 283,775 0.258

381 Fabricated metal products 18 13 274,892 2,130,164 0.129
Pollutive - - - - -
Non-Pollutive 18 13 274,892 2,130,164 0.129

382 Non-electrical machinery 3 3 73,508 145,053 0.507
Pollutive 3 3 73,508 145,053 0.507
Non-Pollutive

383 Electrical machinery 69 50 2,463,644 30,385,620 0.081
Pollutive 5 3 420,016 10,471,226 0.040
Non-Pollutive 64 47 2,043,628 19,914,394 0.103

384 Transport equipment 5 4 33,240 109,029 0.305
Pollutive 5 4 33,240 109,029 0.305

385 Professional , sci. & precision eqpt. 6 4 46,224 160,355 0.288
Non-Pollutive 6 4 46,224 160,355 0.288

386 Metal furniture - - - - -
Pollutive - - - - -

390 Other manufacturing 7 3 54,202           267,468     0.203
Non-Pollutive 7 3 54,202 267,468 0.203

Manufacturing 186 145 4,769,754 46,810,043 0.102
Highly Pollutive 10 7 290,054 1,618,704 0.179
Pollutive 41 36 1,087,100 14,213,377 0.076
Non-Pollutive 135 102 3,392,600 30,977,962 0.110

Notes:
Water consumption data for the PEZA firms are from the respective zone 
    engineering/maintenance office.



Appendix Table 5. Water Use intensity by pollution potential, Baguio City Economic Zone (Groundwater Source), 1998.
(in cubic meters/P'000 output)

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

311-312 Food manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

313 Beverage manufacturing - - - - -
Highly Pollutive - - - - -
Pollutive - - - - -

314 Tobacco manufacturing - - - - -
Pollutive - - - - -

321 Textile manufacturing 1 1 4,358 62,105 0.070
Highly Pollutive 1 1 4,358 62,105 0.070
Pollutive - - - - -
Non-Pollutive - - - - -

322 & 324 Wearing apparel and footwear 3 3 25,211 355,920 0.071
Non-Pollutive 3 3 25,211 355,920 0.071

323 Leather and leather products - - - - -
Highly Pollutive - - - - -

331 Wood and wood products - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

332 Wood furniture - - - - -
Non-Pollutive - - - - -

341 Paper and paper products 1 - - - -
Highly Pollutive 1 - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

342 Publishing and printing - - - - -
Non-Pollutive - - - - -

355 Rubber products - - - - -
Pollutive - - - - -

351, 352 & 356Chemicals and plastic products 1 1 1,763 90,995 0.019
Highly Pollutive - - - - -
Pollutive 1 1 1,763 90,995 0.019

353-354 Products of petroleum and coal - - - - -
Highly Pollutive - - - - -

Continued



Appendix Table 5 (Continued).

PSIC Industry No.of Firms w/ Water Use Output Intensity
firms data (cu.m.) (P'000/yr) (cu.m./P'000)

361 & 369 Other nonmetals manufacturing - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

362 Glass and glass products - - - - -
Pollutive - - - - -

363 Cement - - - - -
Highly Pollutive - - - - -

371 Primary iron and steel products - - - - -
Highly Pollutive - - - - -

372 Nonferrous basic metals - - - - -
Highly Pollutive - - - - -

381 Fabricated metal products - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

382 Non-electrical machinery - - - - -
Pollutive - - - - -
Non-Pollutive - - - - -

383 Electrical machinery 6 4 281,045 67,094,143 0.004
Pollutive 1 1 958 57,262 0.017
Non-Pollutive 5 3 280,087 67,036,881 0.004

384 Transport equipment - - - - -
Pollutive - - - - -

385 Professional , sci. & precision eqpt.- - - - -
Non-Pollutive - - - - -

386 Metal furniture - - - - -
Pollutive - - - - -

390 Other manufacturing - - - - -
Non-Pollutive - - - - -

Manufacturing 12 9 312,377 67,603,163 0.005
Highly Pollutive 2 1 4,358 62,105 0.070
Pollutive 2 2 2,721 148,257 0.018
Non-Pollutive 8 6 305,298 67,392,801 0.005

Notes:
Water consumption data for the PEZA firms are from the respective zone 
    engineering/maintenance office.


