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Abstract

This paper is intended to analyze the social capacity building for environmental management in
Southeast Asia. The environmental pollution is being increasing rapidly in accordance with economic
growth. Pollution which is the direct result of ever increasing economic activity in the region and the
appropriate pollution control measures have been analyzed by adopting two economic and
management approaches. The first is a fact—finding for economic growth and its relationship with
environmental quality by adopting Environmental Kuznets Curve approach. The second is an
institutional approach for analyzing environmental laws and environmental management agencies.
Then the social capability for environmental management has been discussed. This capability depends
on three factors viz.: socio-economic activities, actors and institutions, and trends in environmental
quality. Our main focus is air quality monitoring system, which is divided into four stages viz.: air
quality monitoring, data analysis and disclosure, emissions inventory study, and abatement or control
policy. Japan's experience in combating SOx and other air pollutants has been taken as a reference
point. In accordance to, an analysis has been offered for setting up continuous air pollution monitoring
stations, relationship between economic growth and air quality, and the capacity building process for
air quality management in East Asia. Our findings show great similarities between observed air quality
trends and Environmental Kuznets Curve estimations. We conclude this paper with an observation
that socio—economic factors, environmental quality and social capability have a strong relationship
with each other. '

1. Introduction

1.1 . Background and Purpose of Research
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The previous studies focusing environmental management capability building can be classified into
two main schools. The first classification is based on the institutional approach. The emphasis is on
'how to establish environmental law system and environmental management administration.’ The
second classification is based on 'Environmental Kuznets Curve' (EKC). The emphasis are have laid
on the fact—finding or collection of the data regarding economic growth and environmental quality to
draw EKC and then to build the social capacity for meeting the environmental targets.

Among the institutional approach, the studies by O'Connor (1994) and Harashima and Morita (1995)
are the main achievements. O'Connor's study for OECD discusses the turning point at a certain time
period for establishment of environmental management for various Southeast Asian countries. He
indicated that turning point for Japan in 1979, Korea, Taiwan, and China in 1980, and Thailand and
Indonesia in 1988. However, that study does not indicate the facts, which can be testified for the
proposed capability to establish environmental institutions. Similarly, the study by Harashima and
Morita also discusses institutional building process during the environmental policy making period for
countries like Japan inl1965,_ Korea in 1980, and China in 1987. However, their relationship between
the proposed policy making period and environmental ma_nagemént capability is not very clear.

The fact—finding studies based on EKC are mainly supported by World Development Report 1992 of
the-World Bank. Fig.1 shows EKC based on economic growth as 'X-axis' and degraded environmental
quality (pollution) as 'Y—axis." The relationship between those two indicators is shown by curve ‘A’ as
a development pattern followed by the developed countries. A shift from curve 'A’ to curve 'B’
indicates the shift towards lower level for the turning point in the environmental pollution levels.
Similarly, a shift from curve 'A’ to curve 'C' indicates the shift towards lower level for the turning
point in economic growth level. Therefore, curve 'D’ is a combination of curves 'B' and 'C’ and
indicates the shift in both the environment levels and the economic growth level. Hence, in the case
of developing countries if they take advantage of backwardness or late-comers, then they can follow
the development path similar to curve 'D'.

We have already analyzed the possibility of EKC hypothesis based on original elasticity between
economic growth and environmental pollution (Matsuoka and et al. 1998). In that study we focused on
the volume of emissions of SOx per capita, NOx per capita, and CO2 per capita. We also focused on
coverage ratio of safe water supply, urban sanitation, and forest area. All these environmental
indicators were compared with GDP per capita as an economic growth indicator. Our results
suggested that the only relationship that follows EKC is between the volume of emissions of SOx per
capita and GDP per capita. In that study the turning point is maintained at GDP per capita of US
$4,421 and PPP (purchasing price parity) of GDP per capita of US $3,412. Hence, the conclusion of
that study suggested that when the countries can reach that level of economic growth, they can build
their environmental capability for effective implementation of SOx reduction policy. However, that
study can not provide an analytical framework for the research on 'how to make the process for
building environmental management capability clear.’

In this study, taking into consideration the limitations of previous studies on both institutional
approach and EKC approach, we add the third factor of environmental capability to analyze its
dynamic relationship with the other two factors viz.: economic growth and environmental quality.
However, the building process for the holistic environmental capabilities is very complex and it can
not be directly analyzed in a single framework. Therefore, we analyze the environmental monitoring
capability that is assumed as the basic capability for the environment management. Among this
environmental monitoring we focus on air pollution monitoring system with an especial focus on SOx
emissions, as it is the only pollutant that follows EKC. We initially analyze Japan's case and then take
it as a reference point to analyze the Southeast Asian countries’ case with regard to SOx emissions.

1.2. Framework for Research

The framework of our previous study (Matsuoka et al. 1998) as shown in Fig.2 is the basis for
developing the analytical framework for this study. The present study framework has been set-up on
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social environmental system as shown in Fig.3 This system is divided into three sub—systems. The
first sub—system is based on actors, institutions and behaviors. The second sub—system is based on
socio—economic patterns, which are heavily dependent on economic growth. The third sub—system is
of environmental quality. In the first sub—system of social environmental management, the behavior of
actors is influenced by the institutions and that behavior effects the environmental quality in
question. Moreover, the environmental quality has influence over the awareness/behavior of the
actors and as per that awareness the actors try to build or constitute new institutions. Furthermore,
institutions, actors’ behavior, and environmental quality have a strong relationship with economic
growth as has already been discussed. Hence, social environmental system consists of various actors,
institutions, and behaviors. However, among these factors the most important one is environmental
monitoring system. Therefore, this study focuses on the capability building for environmental
monitoring system.

2. Factors and Indicators in Environmental Management System

2.1. Factors and Indicators

At first we set—up the factors and indicators for the environmental monitoring system. There are
many important previous studies including Kazi et al. (1997), Davos et al. (1991a, 1991b, 1991¢c, &
1993), Simpson (1988), Tamori (1995), Imura et al. (1999), and UNEP and WHO (1996). Among these
the study carried out jointly by UNEP and WHO under GEMS (Global Environmental Monitoring
System) project is the most important one. This study covers environmental monitoring system in 20
major cities and most of these cities are located in the developing countries. We have quoted this
study in our research as GEMS report. '

The factors and indicators for our study are taken from GEMS report after a critical analysis of each
factor and indicator. Fig.4 shows the factors of environmental monitoring system quoted from GEMS
report. This report is mainly focused on air quality management and it divides air monitoring
management capability into four factors viz.: measurement of air quality, assessment and disclosure
of the data, estimation of emissions, and enable management. There are several indicators for each
factor and each indicator should be scored in a range from 0.5 to 4.0 points. Each of the four factors
discussed can achieve the highest score of 25 points, which combines to make 100 points for the
whole system. The score of 25 points for each sector has been distributed to different indicators at
different weights. For example, in the fist factor for measurement of air quality, 13 points go to the
indicator for implementation of air quality measurement/recording system. This includes number of air
quality polluters measured, consistency and number of readings per day/hour, and the length of
available data for up to 5 years. Under the same factor, 5 points are kept for the number of
monitoring staff and so on. Table.1 shows all the indicators with their maximum points. According to
GEMS report, an equal weight of 25 points had been given to each of the four factors. However, a
critical analysis of those factors suggests that there is a hierarchical structure among those factors.
For example measurement of air quality is the basic and first step to build the whole system.

2.2. Economic Growth and Environmental Monitoring System

GEMS report has built a relationship between environmental monitoring and GDP per capita as shown
in Fig.5 The report suggests that the factors like assessment and disclosure of the data, estimation of
emissions, and enable management, also increase if economic growth increases. However, as per
assessment of available data, this relationship does not follow the suggested pattern after a certain
level of economic growth. The factor of assessment and disclosure of data is highly dependent of
political and institutional set-up of the country. Hence, our research indicates that GEMS report is
not very clear. Therefore, we use the composition analysis using the score of four major factors of
GEMS report. Fig.6 shows the result of our composition analysis. We have analyzed that the factor of
estimation of emissions is different from the three other factors; although, GEMS report suggests
that assessment and disclosure of the data is a different factor. We assume that the emissions
inventory factor is relatively a high technology level, while the rest of the factors are basic without an
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essential requirement of high—tech.

According to our research results, we define measurement of air quality, assessment and disclosure
of data, and enable management as the primary or basic functions as these can even be implemented
with the help of low level technology. Among these three factors, measurement of air quality is the
very basic function as the lack of correct data or information regarding the environmental quality will
make is impossible to produce a good analysis of the environmental quality and to formulate and
implement right policies to enable management. On the other hand, the factor of inventory of
environmental emissions is a higher function that can be effectively implemented only with the help of
high level technology.

Therefore, we take into consideration the number of environmental monitoring stations in each
country as representative indicators for assessing the capability of environmental management. We
take the case of Japan as a reference point to assess our three dimensional system of economic
growth, environmental quality, and social capability building.

3. Air Quality Monitoring System, Economic Growth, and Environmental Quality in Japan

3.1. Air Quality Monitorihg System in Japan

When we conduct a quantitative analysis of air quality monitoring data, the basic shortcoming in the
previous studies is the unavailability of the appropriate time—series data for each country. The GEMS
report or EKC studies commonly used cross—country data or the data from different country in
different situation and assumed it as the data for the county in question. Hence, they have failed to
generate reliable results. However, in Japan during 1999, we can use numerical data available on CD-
ROM format. This data along with time—series data helps us to analyze the number of monitoring
stations, economic growth, and environmental quality.

The first factor for measurement of air quality includes number of continuous monitoring stations with
effective maintenance and operation, and also the availability of measurement technology to collect
the pollution data at the required time intervals. Fig.7 shows the number of continuous air pollution
monitoring stations, number of municipalities with at least single air pollution monitoring stations, and
municipalities with multiple pollution monitoring stations in Japan. Analyzing that data, it reveals that
monitoring stations were started from 1963 in Japan and their number almost came to steady state in
1980 in case of single station municipalities and in 1978 in case of multiple station municipalities. This
shows that urban areas with multiple stations achieved the steady patterns two years earlier then the
general trends in Japan.

As far as the essential number and optimal location for monitoring stations is concerned, UNEPA
studies and GEMS report for 20 major cities suggest that at least one station each in residential,
commercial, and industrial area is required. Thus, the minimum number should be three for urban
cities, if the zoning is properly enforced. :

3.2. Establishment of Monitoring System and its Relationship with Economic Growth and
Environmental Quality

We analyze the impact on the environmental capability with each additional monitoring station. The
impact is higher for the additional monitoring station if the existing number of the stations is less. In
other words we can say that the impact of setting—up an additional monitoring station in the earlier
period for environmental capability is higher than the impact in the later period, when there are more
stations in operation. Hence, we take the number of monitoring stations in log scale to evenly assess
their impact on the environmental quality. Fig.8 shows the concentration of SOx emissions and the
number of monitoring stations in Japan. The total number of continuous and long—term stations is 14
as five are located in Tokyo, four in Yokohama, three in Kawasaki, and one each in Yokkaichi and
Sakai. Average peak of SOx concentrations was during 1967 and the number of stations during that
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time was 94 with a log value of 1.973. As per least square (regression) method, the number of
monitoring stations required for those peak SOx concentration calculated as 71.4 with a log value of
1.854. The number of monitoring stations in 1996 was 1730 with a log value of 3.238. A comparative
analysis of the number of monitoring stations in log terms with the peak SOx concentrations in 1996
shows that the turning point of SOx is at 60% of the log value for the existing stations during 1996.

Fig.9 shows SOx concentrations and the number of monitoring stations in five major cities of Japan.
Looking at the trends of SOx concentrations and the number of monitoring stations in those five
major cities, we realize that the statistical analysis indicates that an essential number for monitoring
stations to be 19.4 or 1.288 in log terms to achieve the turning point. However, the actual number of
monitoring stations in those five cities is 75 with a log value of 1.875. This shows that the turning
point is at 70% of the log value for the number of existing stations. Based on this analysis, we can
highlight two points. Firstly, in case of Japan, if the number of monitoring stations is taken as an
indicator for environmental management capability, then the turning point for environmental quality is
at about 60% to 70% of the existing number of the stations. Secondly, at the turning point, annual SOx
concentrations would be 0.060ppm and PPP-GDP per capita would be US $5,032.

Based on the above assessments and taking into consideration about the advantage of late comers or
backwardness as per EKC, we can predict the shifting of income, pollution, and number of the
stations towards original point. In case of Southeast Asian countries, we can assume PPP-GDP per
capita at US $5,000 as an essential level for economic growth to reach the turning point. The turning
point for continuous and reliable monitoring stations would be in a range of few tens (for example, in
between 40 to 60). According to USEPA (United States Environmental Protection Agency) standard
guidelines the necessary number of stations for a city of 1 million people should be 15 and for a city
of 10 million people should be 35.

4. Economic Growth and Air Quality Monitoring System in Southeast Asia

4.1. Trends for Air Quality Monitoring Stations

In this section, based on the Japanese experience, we analyze the relationship among three factors:
economic growth, environmental quality, and the process for environmental monitoring capability. At
first we touch on the development of air quality monitoring system. This system can be divided into
two main stages as per level of technological involvement. The first stage includes sample collection
at a fix location, transportation of that sample to the laboratory, and finally analyzing the sample. This
stage is called manual analysis stage. The second stage is the continuous measurement with
automatic process for analysis. The first stage 'manual analysis stage’ can be further divided into two
sub—stages depending on the automatic sample collection or the manual sample collection process.
The second stage can also be divided into two sub—stages depending whether the continuous analysis
is being done with the help of telemeter or without telemeter. Hence, automatic sample collection
Southeast Asian countries. In case of SOx, NOx, CO, and O3 maximum hourly value is set and data
should be monitored after every hour. Therefore, in that case it is essential to connect all the
monitoring stations with telemeter system.

Table.3 shows the number of air quality monitoring stations in Southeast Asia. In Singapore, manual
analysis system was started during early 1970s and the system was completely converted to
automatic monitoring and analysis system by using telemeter and networking in 1994. Hence,
Singapore built its capability for air quality monitoring in that year. In case of Malaysia, manual
monitoring and analysis system was started from late 1970s at nation—wide level. In 1992 automatic
telemeter system was introduced and it is planned that by the year 2000, Malaysia will have a
completely automatic system with a network of 50 monitoring stations across the country. Thailand
introduced manual analysis system in late 1970s and the automatic system was introduced during
1980s. However, the automatic telemeter system was started in 1992 and completed in 1997. As a
matter of fact, due to financial crisis, the telemeter system is not being working effectively as the
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monitoring data is collected only once a day. As far Indonesia, manual analysis system was adopted in
late 1970s and only during 1990s, when Jakarta Metropolitan Area had set—up automatic system, that
in other major cities the same system is being set—up with the support of Austria and Japan.
However, telemeter system has not yet been installed. Finally, in Philippines’ case, they also started
their manual system from early 1970s just like Singapore. Though, they also managed to set—up an
automatic system during 1990s in Metro Manila, but those instruments could not be used on
sustainable basis due to lack of maintenance. In 1990s ADB (Asian Development Bank) also gave the
donation to set—up the monitoring equipment, but again the lack of maintenance made it difficult to
use that instrument effectively. At present, there are 10 monitoring stations in Metro Manila, but the
total staff in Environmental Management Bureau and that for air quality monitoring is only five. Hence,
they can not manage the monitoring stations effectively and the data collection activity remains at
once a week. Therefore, for Philippines, the first priority should be the of setting—up of effective
monitoring system, at least in Metro Manila and then to set—up the same system across the country.

4.2. Economic Growth and Building of Air Quality Monitoring System in Southeast Asia

As we have already discussed in section 1.1 about our previous study on EKC. We used data of 1980
from 29 countries to analyze the elasticity between GDP per capita and SOx emissions per capita.
The regression line had shown the statistically significant crossing point at X—axis. Based on that
reason, we made clear the possibility of EKC in case of SOx emissions. Fig.11 shows results of our
study and also indicates those points for Japan and as well as for Southeast Asian countries. With
the help of this figure, as per parallel to the regression line, we establish the present position for each
country. Fig.12 shows the results of our calculations. Based on Fig.12 , it is evident that Singapore
has already reached the turning point during early 1990s. Malaysia also achieved the turning point
during mid 1990s. Thailand will reach at the turning point by end of 1990s or early 2000. Indonesia will
take a little more time as it may arrive at the turning point by 2010. However, for Philippines, we
cannot estimate the exact time required for achieving the turning point due to unavailability of the
essential data.

Comparing with the situation of air quality monitoring system in Southeast Asia, as discussed in the
previous section 4.1, we can get the similar results for EKC and also for the environmental monitoring
capability in each country. Therefore, with the exception of Philippines, Singapore, Malaysia, Thailand,
and Indonesia have already set—up the automatic monitoring stations expeditiously after 1980s as per
their rapid economic growth. Moreover, telemeter system has already been installed in those
countries except Indonesia, where telemeter system is under installation. Furthermore, those
Southeast Asian countries completed the setting-up of nation-wide automatic system prior to their
respective turning points, and this is a different trend from the Japan. Therefore, Southeast Asian
countries very expeditiously built the air quality monitoring capability on nation-wide basis. However,
this rapidness also caused some technological problems and only Singapore is different as it has a
long and sustainable history for manual analysis system.

5. Conclusion

In this research, which is primarily based on EKC to draw a trend between economic growth and
environmental quality, we have added the third dimension as air monitoring system for environmental
management capability. We have taken the case of Japan as a reference point and analyzed the case
of five Southeast Asian countries. Similar to Japan's trends, those five countries have also got a very
strong relationship among all the three dimensions. However, the major difference for those countries
is evident from the pace of setting—up nation-wide automatic monitoring system. We also made clear
the effectiveness of our research framework to analyze the social capability building process for
environmental management. However, this study is mainly focused on SOx as a typical pollutant.
Therefore, for NOx, CO, and PM10 we will make other efforts to analyze those pollutants as they also
cause a very serious non—point source pollution problems in the developing countries.
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Figure 2-1 Environmental Kuznets Curve
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Figure 2-3 Social Environmental Management System
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Figure 2-5 Relationship between Environmental Monitoring and GDP per capita
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