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ABSTRACT

The air pollution fee (APF) policy was currently introduced ta abate
urban air pollution in Talwan. This arlicle addresses the policy’s fair-
ness and effectiveness from the standpoint of air quality, fee collection
method, and major funding programs. The APF policy is an unfair pol-
icy because its fee collection method daes not take regional and seasenal
differences in air quality into consideration. Maoreover, the collection
method does not reflect differences in emissions from varicus sources.
The use of APF to abate pollution is ineffective because its funding pro-
grams do not target the causes of air pollution in Taiwan. The overall
message of this article argues that the current APF policy should be
totally revised. This article also suggests alternative control strategies
based on scientific understanding of recent urban air pollution problems

in Taiwan.

INTRODUCTION

Although several major regulatory and adminis-
trative strategies have been gradually implemented
in the past 20 years to control the deteriorating air
quality in Taiwan, the government has still failed
to attain the National Ambient Air Quality Stan-
dards for ozone (O3] and particulate smaller than
10 #m (PM10). In response to such situations, the
Taiwan Environmental Protection Agency {Taiwan
EPA} proposed a controversial “air pollution fee”
(APF) policy in 1993 as an economic-incentive tool
to contrel urban air pollution preblems in Taiwan.
The legal basis of APF is Article 10 of the 1992
Taiwan Clean Air Act Amendment (CAAA), which
specifies that “air pollution fees should be levied by
responsible governmental agencies in various levels
based on the emission rates of various air pollutants.”
Article 14 of the 1992 Taiwan CAAA by-laws fur-
ther specifies that “air pollution fees should be used
solely for air pollution control.” After two years of

intensive debates, the Legislative Yuan passed the
APF policy and the Taiwan EPA started to collect
APF in July 1995. The following questicns are some
major subjects of debate over the APF policy: Is
APF an efficient economic-incentive tool to reduce
air pollution or just a new tax tool to raise revenues
for financially-strained governments? Are enviren-
mental equity problems adequately addressed in the
current APF policy in terms of fee collection and pro-
gram funding? Will the APF policy really improve
the ambient air quality in Taiwan? If it will, how
soon will it happen? In this paper, we will first ex-
amine the current situations of ambient air quality
to highlight potential urban air pollution problems
in Taiwan. Then we will review APF's fairness to
citizens and industries in terms of the differences in
air quality and emissions amcng various regions of
Taiwan, And we will review the effectiveness and
feasibility of various APF-funded strategies of pollu-
tion control from cur understanding of air pollution
problems in Taiwan. Lastly, we will suggest alterna-
tive ways to combat urban air pollution problems
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in Taiwan based on scientific findings of certain air
pollution research. We argue that sound air quality
management programs should not deviate from the
reality of air pollution problems in the areas. In this
article, our critiques on the current APF policy in
Taiwan are mainly derived from our understanding
of air quality in Taiwan. Therefore, the viewpoints
reflected in this article come more from the perspec-
tive of environmental science than from the perspec-
tive of rigorous policy analysis.

AMBIENT AIR QUALITY IN TATWAN

In 1993, an old air monitoring network with 19
stations was recently replaced by a new network, the
Taiwan Air Quality Monitoring Network (TAQMN),
with 66 monitoring stations. Hourly air pollution
levels can be obtained from the continuous measure-
ments of SO, NOy, CQ, PM10, and O, at these
66 stations. The national air quality can be mea-
sured by comparing the air pollution levels with ap-
propriate National Ambient Air Quality Standards
(NAAQS) for each air pollutant (Table 1). The
air quality analyses presented in this paper consist
of two-year monitoring data from September 1993
to August 1995. Comparisons between regional air
quality can be achieved by simultaneous comparisons
of air pollution levels in the 8 air basins designated
by the Taiwan EPA. The designated zones of these 8
air basins and their associated station numbers are:
Zone I (Stations 1 to 15), Zone II (Stations 17 to
27), Zone III (Stations 28 to 35), Zone IV {Station
36}, Zone V (Stations 37 to 42), Zone VI {Stations 43
to 60), Zone VII (Stations 62 to 63), and Zone VIII
(Stations 85 to 66) (Fig. 1). Five monitoring sta-
tions with special monitoring purposes are Station
16, which measures concentrations along the side-
walk of a main traffic route {Traffic site); Station 25,
which measures concentrations along the fence of a
petrochemical complex (Industrial site); Station 47,
which measures air quality at the downwind areas of
Zone VI; and Stations 61 and 64, which measure air
quality at national parks (Park sites),

1. PM10

Judging from annual and daily average concen-
trations, PM10 is the main air pollutant which de-
teriorates urban air quality in Taiwan. As shown in
Table 2a, the annual average PM10 concentrations in
four air basins (Zones III-VI) are about 8-25 pg/m3
above the NAAQS for PMIG. Furthermore, PM10
concentrations, which average 126 ug/m?®, are ex-
ceptionally high at the traffic site. In contrast, the
PM10 concentrations average only at 40-45 pg/m?
in two eastern air basins. The PM10 concentrations
are particularly low at the national parks, averag-
ing about 18-23 ug/m®. As shown in Table 2b, the
number of days with daily PM10 concentrations ex-
ceeding 125 pg/m?® in one year is about 200 days for
Zone VI, 95 days for Zone III and Zone V, and 40
days for Zone L. These results indicate that PM10

pollution is serious in all western areas of Taiwan
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Fig. 1. Taiwan air quality monitoring net-
work

and even more serious in the central and southern
areas. Seasonal variation in PM10 concentrations
is also very significant in Taiwan. For the four air
basins with more serions PM10 pollution {Zones ITI-
VI), summer is the season with the least PM10 pol-
lution. The ratioc of PMI0 concentrations in the
winter to that of the summer is about 2. Upwind-
downwind pollutant transport is another particular
feature of PM10 pollution. Geographically, Zone IV
is located downwind of Zone Il while Station 47 is
a downwind site of Zone VI. Meanwhile, relatively
few PM10 emission sources are reported in the ar-
eas surrounding Zone IV and Station 47. However,
PMI10 concentrations in both areas are very close to
those of their neighboring upwind areas. Therefore,
both Zone IV and Station 47 are thought to be the
receptor sites of PM10 emissions from their upwind
areas, which are Zone I1I and Zone VI, respectively.
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Table 1. National Ambient Air Quality Standards (NAAQS) in Taiwan

TItem PM10 80, _ NQ2 co ) O3 )
1-Day Annual 1-Hour 1-Day Annunsl 1-Day Annual 1-Hour 8-Hour 1-Hour &-Hour
average average average average average Aaverage average Average average Aaverage Aaverage

Standard
125 65 0.25 0.1 0.03 0.25  0.05 35 9 012 0.06
" Unit pg/cm® PPM PPM PPM PPM

Table 2a. Average PM10 concentrations (pg/m?®) from 1993-1995 in 8 air basins in Taiwan

Traffic Industrial Sta. No. Park Park
Zone | Zone 1l Zone HI Zone IV Zone V Zome VI Zone VIT Zone VIII

site site 47 site 1 site 2
Autumn 51.8 57.1 81.4 82.6 85.5 105.9 44.7 42.6 112.4 T0.2 99.8 20.7 17.b
Winter 4.1 54.2 T6.7 84.1 88.9 124 8 44.0 40.2 1374 64.4 128.1 198 194
Spring 72.3 66.4 80.9 T7.4 79.9 90.3 51.3 49.9 150.6 731 936 221 244
Summer 53.7 48.7 51.1 41.4 39.7 44.9 40.8 354 104.2 52.6 38.0 171 2007
93/9-94/8 50.7 57.9 72.9 T1.7 74.6 93.2 45.2 43.6 126.2 70.2 8.6  22.0 23.1
94/9-95/8 56.2 55.2 72.1 T1.0 724 30.0 45.4 40.4 N.A. 60.0 9.1 17.8 17.9

Table 2b. Number of days with daily PM10 concentrations above 125 pg/m?® from 1993-1995 in

8 air basins in Taiwan

Zone I Zone Il Zone III Zone IV Zone V. Zone VI Zone VII Zone VIIT

Traffic Industrial Sta. No. Park Park

site gite 47 site 1 site 2
Autumn g 6 55 16 69 145 0 0 31 1 37 0 0
Winter 25 29 63 20 73 160 0 0 55 8 93 0 0
Spring 48 28 65 9 14 90 0 3 69 7 39 0 0
Summer 3 1 6 0 0 2 0 0 19 0 0 G 0
93/9-94/8 51 37 91 23 91 199 a ] 174 11 Fils [N 0
94/9-95/8 34 27 98 22 95 198 0 f N.A. 5 93 g 0

N.A.: not applicable

2. Ozone

Ozone is the second most important pollutant
involved in the deterioration of urban air quality in
Taiwan. As shown in Table 3a, the number of days
with daily O3 concentrations exceeding 120 ppb in
one year is approximately 85 days for Zone VI and 30
days for Zone I In contrast, daily O3 concentrations
are all below 120 pph in the two eastern air basins.
The results of 8-hour average concentrations show
that ozone pollution is a serious problem in central
and southern Taiwan. As indicated in Tahble 3b, the
rnumber of days with 8-hour average concentrations
above 60 pph are about 80-110 days for Zones I to
V and 220 days for Zone VI. There is also a distinct
seasonal effect on the ozone problem in Taiwan. The
season with the worst ozone pollution is summer in
the northern areas and autumn in the southern areas
of Taiwan. Difference in meteorological conditions
between the two areas is thought to be the main rea-
son for such a phenomenon. During the dry season,
summer in the north and autumn in the south, there
is more sunlight for ozone production in the two ar-
eas. In addition, lower mixing heights are reported
during the dry season in these two areas. A sim-
ilar upwind-downwind transport effect is exhibited

by ozone pollution as in the PM10 problem. Both
Zone IV and Station 47 are receptor sites of O3 pro-
duced in their upwind areas, which are Zone 111 and
Zione VI, respectively. It is also worthwhile to note
that the average Oy concentrations ranged from 40
te 55 ppb in the national parks, which is even higher
than the average concentrations in the two eastern
air basins. In the long run, high O3 concentrations
may cause ecological damage to the national parks
in Taiwan,

3. Sulfur Dioxide (S0;)

Although the air quality in all air basins meets
the requirements of the NAAQS for SO2, relatively
high 8O concentrations are measured at the indus-
trial monitoring site. As indicated in Table 4a, the
annual average SOy concentration ranges from 1 to
11 ppb for the 8 basins but ranges from 40-50 ppb for
the industrial site. The ratio of S, concentrations
in the worse basins (Zones IT and VI) to the bet-
ter basins {Zones VII and VIII) is about 10. Since
both Zones IT and VI are major petrochemical indus-
trial areas in Taiwan, stationary SO, emissions are
thought to be the main reason for the deterioration
in the air quality in these two areas. The industrial
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Table 3a. Number of days with 1-hr O; concentrations above 120 ppb from 1993-1995 in 8 air

basins in Taiwan

Traffic Industrial Sta,.l;:o, Park Park

Zone [ Zone II Zone III Zone IV Zone V. Zone V1 Zone VII Zone VIII site site 47 site 1 site 2
Autumn 6 13 15 14 7 68 0 0 NA  NA 10 0 0
Winter 0 0 0 0 0 28 0 0 N.A. N.A. 3 0 0
Spring 21 7 3 i 43 0 ] N.A. N.A. 13 ] 2
Summer 34 7 1 29 0 0 N.A. N.A. 1 0 2
93/9-94/8 33 19 11 4 g1 0 0 N.A. N.A. 14 0 3
94/9-95/8 28 8 11 11 5 87 0 0 NA  NA 13 0 1

N.A.: not applicable

Table 3b. Nummber of days with 8-hr O; concentrations above 60 ppb from 1993-1995 in 8 air

basins in Taiwan

Zone I Zone II Zone IIT Zone IV Zone V Zone VI Zone VII Zone VIII

Traffic Industrial Sta. No. Park Park

site site 47 site 1 site 2
Autumn 29 76 a5 115 100 160 7 1 NA.  NA 1 8 19
Winter 5 11 12 23 20 104 0 0 N.A. NA. 68 3 6
Spring 72 47 47 48 54 106 4 0 N.A.  NA. &0 4 49
Summer 1] 58 35 35 a0 LY 11 1 N.A. NoAL 24 1] 24
93/0-94/8 T8 07 09 116 94 208 g 1 N.A. NA. 125 12 50
94/9-G5/8 93 95 93 105 110 219 13 1 NA.  NA. 172 13 48

N.A.: not a.ppli.ca.blc

Table 4. Average SO, concentrations (ppb)} from 1993-1995 in 8 air basins in Taiwan

Zone I Zone 11 Zone III Zone IV Zone V Zone VI Zone VII Zone VIII

Traffic Industrial Sta. No. Park Park_

site site 47 site 1 site 2
Autnmn 6.0 12.5 7.7 4.2 5.6 11.5 2.5 1.1 18.3 60.0 4.3 1.0 32
Winter 5.7 11.9 7.0 4.2 6.4 15.6 22 1.1 18.1 64.9 4.4 1.8 1.6
Spring 28 10.1 7.2 35 4.8 11.8 24 0.8 16.6 30.0 3.¥ 2.2 3.0
Summer 9.2 8.7 5.1 2.3 2.8 7.0 3.0 0.9 18.8 21.2 1.5 14 4.1
093/5-94/8 7.2 11.1 7.0 3.6 4.8 11.8 2.5 1.0 18.0 48.2 3.8 1.6 3.0
94/5-95/8 7.6 10.4 6.5 3.4 5.0 11.0 2.5 1.0 N.A. 38.8 33 1.6 3.0

N.A.: not applicable

monitoring site violates the annual, daily, and hourly
requirements of the NAAQS for $0,, having 36-58
days with SO; concentrations above 100 ppb and 8-
20 days with 1-hour SO; concentrations above 250
ppb within a two-year period. Since the monitoring
station is located in a primary school, about 1,300
students and teachers are potentially exposed to un-
healthy air quality during their school hours. More-
over, aboul 300,000 residents are potentially exposed
to such high SO, concentrations in the area sur-
rounding the monitoring station. For most air basins
except Zones T and VII, the SO, concentrations in
the winter are also found to be about 1.5 to 3.0 times
higher than the 50, concentrations in the summer.
In Zones I and VII, the SO, concentrations in the
summer are the highest among four seasons, The
seasona} difference in 530, concentrations is believed
to be due to changes in mixing heights between sea-
sons. The 50, concentralions measured at the traffic
site, with annual concentrations between 15-18 ppb,
are also relatively high in comparison to the average
concentrations in the 8 air basins, SO, emissions

from diesel-powered vehicles are possible sources for
the relatively high SO; concentrations on roads.

4. Carbon Monoxide (CO)

CO pollution is relatively mild in Taiwan in
comparison to other pollutants. As indicated in
Table 5, the annual average CO concentration in the
metropolitan area of Zone I is only about 1 ppm.
The differences in CO concentrations, about 30%,
between air basins and seasons is not very signifi-
cant, either. As expected, CO concentrations mea-
sured at the traffic site are relatively high because
its main contributors are motor vehicles, The annual
average concentration at the traffic site is abont 5.5
ppm, which is about 5 times higher than the ambi-
ent average in Zone L. There are 58 days with 8 hour
average CO concentrations above NAAQS within a
one-year period at the traffic site. The results indi-
cate that people commuting along the main roads
in metropolitan areas are exposed to maoderately
high CO concentrations. High CO exposures for
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commuters in metropolitan Taipei were reported in
one study by Liu et al. {1]. The CO concentrations
in two national parks average 0.3 ppm, which may
represent background CO concentration in Taiwan.

5. Nitrogen Dioxide (NO;)

Judging from annual average concentrations of
NO; in the & air basins, NO; pollution is moder-
ately serious in Taiwan and very serious if judged
from measurements from the traffic site. As shown in
Table 6, the annual average NO; concentration
ranges from 13 to 27 ppb for the § basins and is
54 ppb for the traffic site, which violates the annual

NO;, requirement for the NAAQS. The ratio of the
NO: concentration in the 6 western air basins and
the 2 eastern air basins (Zones VII and VIII) is about
2. The NO; concentrations in two national parks av-
erage 3 ppb, which may represent background NO,
concentration in Taiwan. Apparently, the NO; con-
centrations are related to human and industrial ac-
tivities in Taiwan. This is understandable since NO,
is mainly emitted from automobiles and factories. A
better NO; air quality is also found in the summer
ameong four the seasons. Again, this might he due to
changes in climatic patterns between seasons.

Table 5. Average CO concentrations (ppb} from 1993-1995 in 8 air basins in Taiwan

Zone [ Zone II Zone III Zone IV Zone V Zone VI Zone VII Zone VIII

Traffic Industrial Sta. No. Park Park

site site 47 site 1 site 2
Autumn 0.9 0.6 0.9 0.9 0.7 0.8 0.6 .7 6.0 N.A. 0.6 0.3 0.3
Winter 1.1 0.7 1.0 1.0 0.7 1.0 0.7 1.0 5.3 N.A. 0.7 0.4 0.3
Spring 1.2 (.8 0.9 0.9 .7 0.8 0.7 0.9 5.6 N.A. 0.6 0.3 0.3
Summer 1.0 0.6 0.7 0.6 0.5 0.6 0.6 0.7 5.2 N.A. 0.4 0.3 0.3
93/9-94/8 1.1 0.7 0.9 0.8 0.7 0.3 0.7 0.9 5.5 N.A. 0.6 0.3 0.3
94/9-95/8 1.0 0.6 0.9 0.8 0.6 0.8 0.7 0.7 N.A. N.A. 0.6 0.3 0.3

N.A.: not applicable

Table 6. Average CO concentrations (ppb) from 1993-1995 in 8 air basins in Tajwan

Zone I Zone I1 Zone IIT Zone IV Zone V Zone VI Zone VII Zone VIII

Traffic Induostrial $ta. No. Park Park

site site 47 site 1 site 2
Autumn 23.3 20.4 27.6 25.9 22,1 27.0 13.0 124 H(}.8 26.8 18.7 1.6 28
Winter 26.9 21.2 28.2 30.2 25.9 34.5 16.6 15.1 55.7 28.2 24.0 2.8 2.2
Spring 31.0 23.2 28.3 26.6 21.6 25.7 15.3 14.3 59.9 26.3 17.2 1.8 3.6
Summer 22.4 17.4 17.8 14.3 124 4.4 10.5 9.3 48.4 21.7 8.5 14 4.6
93{9—94{8 25.2 20.3 259 23.5 20.6 25.3 13.1 13.0 53.7 26.0 16.5 21 3.2
94/9-95/8 26.6 20.8 25.1 25.0 204 25.5 14.6 12,6 N.A. 25.5 15.6 1.7 3.4

N.A:: not applicable

6. Volatile Organic Compounds (VOCs)

In addition to criteria air pollutants, non-criteria
air pollutants may also pose serious air pollution
problems in Taiwan because of high traffic density.
In 1994, it was estimated that there were 4.8 mil-
lion cars and 11.9 million motorcycles in Taiwan.
Emissions of hydrocarbons fram these motor vehi-
cles contain various air toxics including volatile or-
ganic compounds {VOCs). Since VOCs are not rou-
tinely measured by the Taiwan EPA, the air qual-
ity of these pollutants can be referred to a study by
Chan et al. [2]. This study reported the annual aver-
age concentrations of 8 VOCs benzene, heptene, hep-
tane, toluene, ethylbenzene, m/p-xylene, o-xylene,
and isopropyl benzene in four monitoring stations in
Taipei. The mean concentrations were about 5.8-
7.7 ppb for benzene and 14.8-21.3 ppb for toluene.
Another two studies also by Chan et al. reported
that commuters were exposed to 19 VOCs, includ-

ing benzene, while commuting and working in Taipet
[3, 4. The mean benzene concentration measured
on buses was 58 ppb and 130 ppb on motoreyeles.
On average, commuters in Taipei experienced about
3-8 times higher VOC concentrations than did com-
muters in Los Angeles, California. The number of
people risking cancer associated with commuter ex-
posure to benzene was estimated to be from 7.5-18 in
cne million in Taipei. Apparently, these studies have
shown that vehicle-related VOCs are associated with
the deterioration of air quality in metropolitan areas.

The ambient air quality is found to be signifi-
cantly different among air basins and seasons in Tai-
wan. In general, the air quality in the island’s eastern
(Zone VII) and northeastern {Zone VIII) regions is
much better than in other regions. The air quality in
the summer is much better than other three seasons
in the other most air basins except Zone I. PM10 and
Q3 are two of the most important air poliutants in-
volved in deteriorating urban air quality in Taiwan.
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There is also a possible upwind-downwind effect on
the transportation of these two pollutants in central
(Zone IV) and southern (Zone VI) Taiwan. In in-
dustrial areas, the SO, pollution is still very seriouns,
The pollution levels of all air pollutants are excep-
tionally high on the roadways of the metropolitan ar-
eas. Furthermore, commuters in metropolitan areas
are exposed to very high concentrations of vehicle-
related air toxics, such as benzene.

UNFAIRNESS OF THE AIR POLLUTION
FEE POLICY

The unfairness of the APF policy can be judged
from two aspects: fee collection and spending, In this
article, fairness is defined as the equality of fee col-
lection and spending per unit of air pollutant emis-
sions andfor per unit of ambient air quality. Article
10 of the 1992 Taiwan Clean Air Act Amendment
(CAAA) clearly indicates that APF must be levied
according to emission rate and Article 14 of Tai-
wan's 1992 CAAA by-laws further specifies that APF
should be used for air pellution control enly., Unfor-
tunately, the current APF levy system is based on
fuel consumption rates rather than exact individual
pollutant emission rates. For industries, the charges
are NT$150 per ki of fuel oil and NT$170 per ton
of coal. For vehicles, the charges are NT$0.2 per {
of unleaded gasoline, NT$0.4 per { of leaded gaso-
line, and NT$0.2 per ! of diesel. In addition, NT$65
per lis charged for CFC consumption. It is esti-
mated that a total of NT$6.9 billion can be collected
in one year with 43% from mobile sources and 57%
from stationary scurces. Apparently, such a fee col-
lection method is more like an energy tax or a green
tax rather than pollution-based emission fees because
there are no similarities in the emissions of these fuel
sources except (O3, which is not treated as an urban
air pollutant. Moreover, the emission rates are also
different for the same fuel used by different vehicles
and manufactured from different processes. Legally
speaking, the current APF policy has violated the
authority empowered by the 1992 CAAA. According
to Article 10 of the 1992 Taiwan CAAA, the Tai-
wan EPA is not allowed to collect pollution fees in
such a way. As a matter of fact, it is currently being
challenged by several legislators and still waiting for
constitutional review in the Supreme Court in Tai-
wan. In addition to legal problems, several technical
problems in the APF policy result in unfairness to
society and ineffective control of air pollution in Tai-
wan. We will address these issues in detail in the
following sections.

The APF policy is unfair because it does not take
into consideration the regional differences in the air
quality in Taiwan. As we pointed out before, the air
quality in Zones VII and VIII has met all of the re-
quirements of the NAAQS for the past two years. In
comparison to the NAAQS, the air quality in these

two regions is only 60% of the limit for PM10, 3-8%
of the limit for SOz, 90% and 2% of the limit for
NOj. Apparently, there seems to be no basis for fur-
ther air pollution contrs! in these two areas unless
the government specifies air quality goals other than
the NAAQS. Therefore, it is unfair for residents and
industries to pay APF in these two areas. Judging
from Article 14 of the 1992 Taiwan CAAA by-laws,
it is illegal even to collect APF in these two areas.
It is illegal to collect APF in areas where no controls
are needed. It is even more unfair for residents lLiv-
ing in the areas surrounding Zone IV and Station 47
because they are receivers rather than contributors
of air pollutants. Instead of paying APF, they ought
to be compensated by people living in the commu-
nities upwind. Even for residents who live in regions
violating the NAAQS, it is unfair for them to pay
similar rates of APF because the severity of air pollu-
tion is widely different among regions. For example,
the air quality in Zone VI is the worst among the
& air basins. Both PM10 and O; problems in this
air basin is about 2-3 times worse than the other air
basins in the western region of Taiwan. Undoubt-
edly, a flat rate charged to all emitters in all regions
will cause the market-hased economic incentive tool
to lose flexibility in achieving air quality goals. The
current APF policy will place on unfair burden on
industries and residents in areas with less severe air
quality problems, The improvement of air quality
in Zone VI will also be slowed down by the APF’s
inflexible fees.

THE INEFFICIENCY OF THE AIR
POLLUTION FEE POLICY

The APF policy is inefficient. becanse it does not
take into consideration the seasonal differences in the
air quality in Taiwan. In the summer from June to
August, the air quality is the best in almost all air
basins except Zone I. The air quality is either better
or slightly higher than the NAAQS for most criteria
air pollutants during this season because air pollu-
tion seems to be greatly diluted by meteorological
conditions. By charging industries and individuals
the same APF for all four seasons, the opportunity
for more economic activity in the summer for some
regions will be missed. Again, the advantage of con-
trol flexibility to combat air pollution is limited by
the current APF policy.

The APF policy, furthermore, is inefficient be-
cause it does not take into consideration the differ-
ences between individual pollutants in the detericra-
tion of air quality in Taiwan. For Station 25, APF
should be based on SO,; for Zones I to VI, APF
should be based on PM10; for Zones I, TI, III and
VI, APF should be based on ozone precursors, such
as hydrocarbons (HCs) and nitrogen oxides {NOy).
By not charging APF for individual pollutants, we
not only miss targeting the problem of improving
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air quality but also put on unfair burden on certain
industrial sectors and social classes. With the cur-
rent APF policy, Taiwan's economic competitiveness
could be dampened because some industries with
limited contributions to air pollution problems are
levied with unnecessary fees. Moreover, the policy
may misdirect environmental professionals in air pol-
lution controls. However, it is worthwhile to note
that our arguments for the inefficiency of the cur-
rent APT policy are only true if the transaction costs
of implementing fee collection programs for consid-
ering seasonal and pollutant factors are the same as
the current APF.

THE INEFFECTIVENESS OF THE
APF POLICY

The effectiveness of the APF policy can be eval-
nated from twe perspectives: market-based incen-
tive and air quality improvement. Ineflectiveness is
defined as the inability to change the current prac-
tices of the polluter and/or to improve air quality to
meet the NAAQS. Since the Taiwan EPA proclaimed
that the current APF policy is a market-based incen-
tive policy, we must first review its effectiveness from
this perspective. The APF policy is ineffective be-
cause the current pollution fees charged are not high
enough to decrease pollution caused by industries
or individuals. As recommended by the industrial
members of the OECD in 1972, a “polluter pays” pol-
icy would make sure that polluters carry the full casts
of their actions [5]. Unfortunately, the fees levied on
individual emitters in the current APF policy do not
reflect the full cost of air pollution because they are
not based on total damage or total control cost. Un-
til now, there are simply not enough data to perform
such complicated estimations of air pollution in Tai-
wan. Not only are the estimations of exact pollution
costs not available but also the price ratios of pol-
lution fees charged to various emission sources are
incorrect in the current policy. The APF does not
truly reflect differences in emission rates from indi-
vidual emitters. As reported by Chan et al., signif-
icant differences in the erhission of THC, CO, NOy,
and VOOUs are found among various vehicles in Tal-
wan. THC emission factors are 1.36 g/km for non-
catalyst cars, 0.13 g/km for catalyst cars, 3.77 g/km
for 2-stroke motorcycles, and 0.64 g/km for 4-stroke
motoreycles. CO emission factors are 7.28 g/km for
non-catalyst cars, 0.87 g/km for catalyst cars, 7.47
g/km for 2-stroke motorcycles, and 3.99 g/km for 4-
stroke motorcycles. NO, emission factors are 1.88
g/km for non-catalyst cars, 0.11 g/km for catalyst
cars, 0.007 g/km for 2-stroke motorcycles, and 0.19
g/km for 4-stroke motorcycles [6]. Compared with
catalyst cars, 2-stroke motorcycles and non-catalyst
cars are found to emit 12 times as much THC and CO
for every kilometer driven. For NO,. non-catalyst
cars have the highest emissions, while 2-stroke mo-

toreyeles have the lowest emissions. Under the cur-
rent APF policy, motorcycles and non-catalyst cars
are not fully charges for their emissions, Very likely,
the economic incentive may not be strong enough for
people to switch from dirty vehicles to clean ones.

The APF policy is ineffective because its cur-
rent funding strategies are unrelated to air pollu-
tion control in Taiwan. According to the Taiwan
EPA, the NT$6.9 billion collected in the first year
will be divided into 9 portions, which will subsi-
dizge local control strategies (37%), stationary sources
control {9%), mobile sources control (12%), inter-
national cooperation (1%}, schoolchildren’s health
checks (4.4%), “eco-parks” (29%), research and plan-
ning (1.6%), operation and maintenance of air mon-
iloring networks {0.9%), and public education and
administration {4.7%). However, mobile and sta-
tionary sources together account for 60-90% of to-
tal emissions in most areas in Taiwan. Thus, the
proportion of money spent on controlling these two
pollution sources is teo small in comparison fo their
emissions, The results {rom further examivation of
APF funding programs in the following sections also
indicate that APF funds have been spent misappro-
priately.

1. Useless “eco-parks”

The EPA has proclaimed without sound scien-
tific evidence that the planned 134.3186 acres of so-
called “eco-parks” will assimilate about 488.94 tons
of CO, 2,337.26-3,967 tons of SO, and 2,579-7.307
tons of suspended particulates per year in Taiwan.
It is not clear that air poliution can be reduced by
the kinds of plants and mechanisms in these “eco-
parks.” Nevertheless, the EPA has estimated that
pollution can be decreased to 10 kg. Even assuming
that such an estimation may be true, assimilation
by “eco-parks” accounts for only 0.002% of total CO
emissions, 0.40-0.68% of total SOy emissions, and
1.28% of total suspended particulate emissions. Ob-
viously, it is illogical to spend so much money on so
little gain in air pollution improvements. This is not
consistent with the usefulness of APF policy, which is
supposed to be an efficient and cost-effective market-
based tool. Additionally, a significant regional differ-
ence in the distributions of areas of “eco-parks” is de-
signed by the Taiwan EPA. For example, there are 29
acres in Taitung of Zone VII and 1.04 acres in Kaoh-
siung of Zone VL. Ironically, the best air quality is in
Zone VII while the worst is in Zone VI. Apparently,
no consistency in “eco-park” planning can be found
in the current APF policy even if these “eco-parks”
have the effects proclaimed by the Taiwan EPA.

2. Chaos in subsidies for local conirol strate-
gies

This policy was originally designed with geod in-
tentions to give 26 local governments more freedom
in setting up their own control strategies according
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to local need. The premise of this policy is that local
governments know very well their pollution problems
and can propose goed solutions. Unfortunately, this
Is not true in most cases. Most local environmental
protection bureaus simply do not have the technical
staff necessary to monitor air quality, not to men-
tion to propose air quality management plans, As a
result, this policy has put a lot of physical and men-
tal strain on employees in the local environmental
protection bureaus. Most projects submitted to the
EPA have similar strategies and are written by a few
consulting companies. Moreover, most proposals for
pollution reduction are based mainly on administra-
tive measures rather than engineering control. One
common drawback of these proposals is the lack of
quantitative analysis for program evaluation, making
it very difficult to audit the merits of polluticn con-
trol for individual projects. It is really doubtful how
administrative measures will cut down air pollution
when bureaucrats are already being overwhelmed by
routine paper work. The amount of money which has
already been awarded to various local governments
accounts for about 25% of the subsidies, It is also
doubtful whether county-based strategies can be ef-
fective for air pollution control in Taiwan. As the air
quality data indicate, PM10 and O3 pollution prob-
lems are basin-wide rather than county-wide. There-
fore, more eflective control strategies for these two
problems should be directed toward air hasins.

3. Inauthentic health checks for schoolchil-
dren

This project was designed to collect basic health
dala from all schoolchildren in primary schools and
junior high schools for three years. Except for estab-
lishing population norms of health index, the ohjec-
tives of this project are not clearly stated. In the first
year, about NT$300 millions will be spent, on ques-
tionnaires for 1.19 million students and lung function
tests for 0.2 millien students in junior high schools.
Although this project is funded as a health exami-
nation program, it is not a genuine health check pro-
gram for children because its health evaluation tool
is largely limited to a questionnaire and to a lesser
proportion, the lung function test. It is well known
that health history and a physical examination by
pediatricians or general practitioners are the minimal
requirements for an anthentic child’s health examina-
tion, According to the US Preventive Services Task
Force, the screening items of health examinations for
children aged 13-18 include taking down health his-
tory, physical exam, and laboratory/diagnostic pro-
cedures [7]. Therefore, this project is more like an
epidemiological study on child respiratory symptoms
and lung functions than a standardized health check.
This study will waste tremendous manpower and
money on surveying 1.19 million subjects to get in-
formation which can be more efficiently obtained by
sampling representative subjects. In practice, the
data quality can also be better assured by smaller

samples. Furthermore, this project does not meet
the definition of public health surveillance specified
by the US Center for Disease Control (CDC] [8]. The
definition states that public health surveillance is the
ongoing, systematic collection, analysis, and inter-
pretation of health data essential to the planning, im-
plementation, and evaluation of public health prac-
tice, closely integrated with timely dissemination of
these data to those who need to know. The final
link of the surveillance chain is the application of
these data to prevention and control. Apparently,
it is hard to find any relation between this project,
and a standard health surveillance program. It be-
comes pointless to continue such a project unless the
collected data can be used to estimate the cost of
damage associated with air pollution or to compen-
sate the victims of air pollution.

ALTERNATIVE POLICIES FOR AIR
POLLUTION CONTROL

The three most significant urban air pollutants
problems in Taiwan are PM10, Oj, and air toxics.
Effective control strategies for these air pollutants
depend on the development of a database, which in-
cludes scientifically reliable ambient measurernents,
metecrological monitoring, and emissions inventory
of all stationary, mobile, and biogenic sources that
impact individual air basins. Quantitative estima-
tion of control strategy effectiveness also depends on
robust air quality models which can accurately esti-
mate the relationship between emissions inventaries
and ohserved pollutant concentrations. However, our
understanding of these issues is regrettably limited
in Taiwan. A comprehensive ambient air quality
monitoring network has been established and oper-
ated island-wide for only two years. Tail-pipe emis-
sions tests from mobile sources and stack emissions
tests for stationary sources are only sporadically per-
formed. The application of commonly used air qual-
ity models, such as dispersion, receptor, and air-shed
models, are usually found unsuitable in Taiwan be-
cause of the Jack of validation for model parameters.
With such uncertainties and limitations in mind, we
will try to propose some alternative control strategies
based on the best available scientific information.

Chan et al. reported that the ambient air con-
centrations of 8 VOCs, CO, NOy, and THC in Taipei
in Zone I can be apportioned to 7 different mobile
sources by an empirical receptor model, which is
based on Markov Chain Monte Carlo simulation [9].
For 8 VOCs, non-catalyst passenger cars (53-61%;
90.0-220.3 pg/m*) and motorcycles (6-31%; 12.0-
129.1 pg/m*} are two major contributors. For NO,,
passenger cars (50-62%; 0.05-0.27 pg/m?) and diesel
cars (25-42%; 0.02-0.05 pg/m®) are two major con-
tributors. Motorcycles are the greatest contributors
to CO (70-76%; 0.81-4.97 ug/m?*). For THC, gaso-
line vapor (17-58%; 0.35-0.85 pg/m®) and 2-stroke
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motorcycles (25-53%; 0.17-1.39 ug/m?) are two ma-
jor contributors.

In order to reduce the long-term health risks
associated with VOC exposure, such as from ben-
zene, the emissions from non-catalyst passenger cars
and motorcycles in metropelitan areas have to be cut
down first. Two approaches for this type of reduction
are the phase-out of non-catalyst cars and 2-stroke
motorcycles and the phase-in of high quality gasoline
with low benzene and aromatics. The emission re-
duction can he even greater by the introduction of al-
ternative transportation or alternative fuels, such as
efficient mass transits and bus services, electric cars,
liquid propane gas cars, and contpressed natural gas
cars, in metropolitan areas. VOC can also be emit-
ted from industrial processes in industrial areas, such
as the air basin of Zone VI. Further improvements in
air quality can be expected if industrial emission re-
duction strategies can also be applied simultaneously
to this area. However, we cannot quantitatively esti-
mate the amount of emission reduction by industrial
controls as we do for mobile sources. More informa-
tion is needed for scientifically sound judgment.

It is well-known that urban Oz is formed by its
two main precursors, NO, and HC, through photo-
chemical reactions. The Empirical Kinetic Modeling
Approach (EKMA) maodel has been used by the . §.
EPA to determine ozone control strategies for urban
areas in the U. 8. By simulating an air mass as a box
of air with predetermined combinations of initial HC
and NO, concentrations, the EKMA model gener-
ates ozone isopleths specific to particular urban sites
as indicated in Fig. 2 [10]. In the EKMA model,
urban ozone problems can be separated into HC-
limited or NOy-limited regions by specific HC/NQ,
ratios, HC-limited regions are where HC/NO, ra-
tios are smaller than 8:1, and NO,-limited regions
are where HC/NQ, ratios are greater than 8:1. The
monitoring data of Taiwan show that HC/NO, ra-
tios are all greater than 8:1. For example, the ratios
are 16:1 in Zone T and 14:1 in Zone VI. This im-
plies that we should lower ozone concentrations by
reducing NQy emissions in Zones I and VL. If only
HC emissions are reduced in Zones I and VI, there
is a possibility of increasing the ozone problem in
these two regions. In order to reduce ozone con-
centrations in Zone I, it seems to be a sensible con-
trol strategy to cut down NO, emissions from pas-
senger cars and diesel vehicles, Therefore, existing
diesel-powered trucks and buses should be replaced
by new vehicles with alternative fuels. Strict regula-
tions on NO, emissions should also be enforced for
existing and new passenger cars. Ways of reducing
the traffic volume in the Taipei metropolitan are en-
couraged. In order to reduce ozone concentrations in
Zoue VI, we need to control mobile as well as station-
ary sources because they are major emitters of NO,
in this region. However, we cannct quantitatively
estimate the amount of emission reduction by indus-
trial controls as we do for mobile sources hecause

there is simply not enough information to perform
stich calculations.
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Fig. 2. Typical ozone isopleths used in
EPA’s EKMA. The NO, limited re-
gion is typical of locations down-
wind of urban and suburban areas,
whereas the VOC-limited region is
typical of highly-polluted urban ar-
eas (Source: Adapted fromn Dodge,
1977).

Although PMI10 pollution is the most serious
alr pollution problem in Taiwan, we have very lit-
tle emission data for air quality modeling. Receptor
models have generally failed to produce reliable esti-
mates of source apportionment because the emission
factors of various sources are not well-characterized
in Taiwan. However, mobile, industrial, and fugitive
sources have been speculated as being the three ma-
jor PM10 emission sources in Talwan. Sinee their
quantitative contributions cannot be determined di-
rectly from well-developed air quality models, we
have tried various statistical models to indirectly
estimate achievable attainment goals for PMI10) in
different air basins from the fuel censumption, in-
dustrial density, and population density in each re-
gion. Unfortunately, the results show that ambient
PM10 concentrations are not significantly related to
these emission surrogates of PM10. Therefore, we
can not formulate effective PM10 control strategies
based on such limited emission inventory data. In or-
der to develop PM10 control strategies, which can be
quantitatively evaluated, there is a need to establish
PMI10 emission characteristics from all major domes-
tic sources.

The alternative control strategies which we have
proposed in the above sections are solely based on
the science of air pollution. Based on the best avail-
able information, we can only point o the correct
air pollution problems and their emission sources in
this article. Will our alternatives be more effective
in terms of economic analysis? Apparently, we are
not in a position to claim so because we do not pro-
pose detailed control plans in any of our alternatives.
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Moreover, we do not take into consideration the pol-
icy’s transaction costs, such as the costs of adminis-
tration, enforcement, and program auditing. In gen-
eral, transaction costs rise as a policy’s sophisticatien
increases,

CONCLUSIONS

This article’s underlying coneept is environmen-
tal equity and cost effectiveness. Air pollution is a
relatively serious environmental problem in Taiwan.
Seme regions of Taiwan are more sericusly afflicted
than others. It is morally wrong to charge air pol-
lution fees to pollution victims who should be com-
pensated. A public policy without justice will not he
supported in a democratic society. The direct and in-
direct costs of air pollution control are enormously
high. Some controls may be more effective than oth-
ers in one region. The most efficient economic tool
should be flexible enough to reflect such differences
in the effectiveness of controls. Otherwise, the con-
trols will be less cost effective. As a newly developed
country, Taiwan cannot afford to have an air pol-
lution fee pelicy that costs the public and industries
vast amounts of money and achieves little in air qual-
ity improvement. Judging from this perspective, the
APF policy is destined to be a failed environmental
policy.

In this paper, two alternative approaches of air
pollution control in Taiwan have been examined:
{i) Improvements in ozone pollution problems in
the metropolitan areas can be quantitatively esti-
mated by the reduction in NQ,, emissions from motor
vehicles, and (ii) improvements in PM10 pollution
problems can be achieved by simultaneously control-
ling mobile, industrial, and fugitive emission sources
without sound quantitative estimation. More scien-
tifically reliable data are needed in order to formu-
late control palicies for ozone and PM10 in indus-
trial areas in Taiwan becanse reliable emissions in-
ventory of stationary, mobile, fugitive, and biogenic
sources are not available in these areas. It is, there-
fore, highly recommended that correct PM10 emis-
sions data should be established in Taiwan. Judging
from this perspective, the APF policy is undoubtedly
a pre-mature envirenmental policy, which is better to
totally stop or largely revise.

The contents of this paper are by no means com-
prehensive, which is not our intention. We are aware
that there are also several other studies and Teports
on air pollution problems in Taiwan by various dis-
tinguished researchers. We did not ciie these studies
in this paper because they do not fit the framework
of our discussion. This does not necessarily mean
that they are not important. We welcome any fur-
ther information added to our discussion in terms
of APF fairness and effectiveness. We do not pro-
pose alternative policies for the collection of the pol-
lution fee because that is not our main interest in

this paper. However, the discussion of this paper
does provide some clues for improved methods of air
pollution fee collection in Taiwan. We do not fully
explore the pros and cons of environmental palicies
between market-based incentives and administrative
controls because it is beyond the scope of this arti-
cle. Theoretical discussions about comparative ad-
vantages between these two strategies have been re-
ported by Weitzman [11]. Such an issue is so im-
portant that another article, favorably done by envi-
ronmental economists, dealing with the implication
associated with APF policy is highly recommended.
Additionally, it will be better if the APF policy can
be based on either exposure assessments or risk as-
sessments of various air pollutants from a public
health perspective, Therefore, we strongly recom-
mend more research on these two issues in order to
provide more information for a better APF policy.
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