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Abstract

Industrialization is unavoidable for economic development and living standard increasing.
The resulting impact from industrialization, however, is an important issue that should be
considered. The severity of air pollution is recognized as obviously and directly uncomfortable for
living. Chronic respiratory diseases are seriously influenced by air pollution and the inhalation of
unclean air will easily cause or worsen respiratory diseases such as lung cancer, pneumonia, asthma,
and tubercle etc. According to the annual medical statistics from 1999 to 2006, average medical
expenditure accounts for an enormous number as much as NT$ 51.6 billion in Taiwan.

The government has continuously built up supervision system of the air quality annually to
monitor and control environment emissions. Abatement fee is also devoted to improve air quality
in every city. According to the annual environmental protection statistics from 1999 to 2006, the
amount of abatement fee could be as much as NT$ 0.32 billion, an amount that is relatively lower
compared to the medical expenditure. If government can keep improving on the abatement budget
of air pollution, air quality will therefore be improved and medical expenditure on respiratory
diseases will decrease with a resulting decrease in social cost (summation of air pollution abatement
fee and medical expenditure).

This research employs three different types of air pollution index data (ratio of inferior daily
PSI from Environmental Protection Administration (EPA) data bank, environmental database, and
density of pollutant from annual report of air quality), data of EPA annual budget, and health
insurance and medical expenditure from Department of Health to estimate the influence of air
pollution to human healthy. Damage Function Method is used in this research and the estimated
results show that (A) ratio of inferior daily PSI suggests a significant influence of government
abatement expenditure on medical expenditure of respiratory diseases; (B) regression analysis from
environmental database and annual report of air quality show that sulphur dioxide (SO;) and PMj,

match the ex ante expectation; (C) analysis on 7 areas of air quality in Taiwan demonstrates a
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perfect match of influence of PSI to social cost in high pollutant density area; (D) analysis of
expansion effect according to mobility of pollutants and geographical characteristics shows that
average density of pollutants will be lighter because of the neighboring effects, and the result is
contradictory to that of PSI with the implication of a minimal influence of pollutant density to the

area of air quality.

Keywords: Damage Function Method, Air Pollution Abatement, Social Cost, Expansion
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% 3. 1999 & 312006 % 2_PSIp #iciizt
B cd 2 /S
PR () 2 4F ¥ |2 al 332
Bt
0~50 51~100 | 101~200 | 201~300 | =301
1999 # 25,687 11,991 12,492 1,203 1 -
2000 +# 25,510 11,590 12,599 1,321 - -
2001 # 25,408 10,890 13,686 832 - -
2002 # 25,456 10,799 13,927 729 1 -
2003 # 24,488 10,455 13,418 615 - -
2004 # 24,967 9,599 14,290 1,078 - -
2005 # 25,207 10,016 14,142 1,047 2 -
2006 = 25,084 10,330 13,763 991 - -
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SRR YRR R AR E R AFRRARR CEPFFRTALORT  d MR
AR 2R R TR RERE T R F S o T AT MA(R AR
EERTAL) -

RGO B L B S TR 0 DR 1999 & 12006 2 % T ik B ik F R syt
0 RIS AP B REVPFR R T AT RN D L D S R

R o FTRLRAT R PR BEN LR R EF R

%45 1999 i F1 2006 & 2 AP - PR A H P LY < & 1999 5] 2006
# nivxlgfi}]% Pagyr bdyr ~uli 17.82% ~ 16.94% ~ 16.53% ~ 16.7% ~ 16.32% ~
14.25% ~ 16.19%F- 14.38% » #7iE ¢t 4§ B

%55 1999 #£5]2006 £ & 2 S HESGEARBM C LFF B AEE L SR LR
i A }%?5}%‘ EREETHRPGL R P05 A3 17.11% 7 5 21.54%~ ¢ 3% 19.20%~

Z &5 18.17%~ % & 1823% = X 16.17%fr® 7 17.69% & > S S g P B 7 % (LR

N

BEFF AT e ARAHRGRFF Aot Fehit 0 BP § 50 RLI T F AL BE

£ 41999 & 2006 £ 2 5 ~ G A AL FR T A(H R

ER 2t Rk LR T
1999 = 308,226,286 54,944,028
2000 & 303,391,872 51,417,473
2001 & 319,941,341 52,883,271
2002 # 237,990,997 39,747,617
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2003 & 365,536,320 59,650,400
2004 & 275,543,459 39,266,952
2005 & 424,374,984 68,720,289
2006 & 427,077,432 61,413,422

TR KRGS L T
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#51999# 7]2006# & 7 %% vi’&i‘g’:}i:}{iﬁ” CEZ R (H R

25

£ R A 30 “n L ZEs ® 5 RN ® W
1999 & 14,490,196 2,178,209 | 8,359,277 | 6,101,288 | 7,065,079 861,709 744,742
2000 # 13,981,376 2,136,047 | 8,311,995 | 5,606,188 | 6,432,315 794,940 691,006
2001 & 13,536,555 2,012,545 | 7,725,461 | 5,339,728 | 6,155,938 798,466 650,551
2002 £ 12,933,001 1,902,739 | 7,744,222 | 5,211,808 | 6,051,556 780,164 665,623
2003 £ 12,090,469 1,847,809 | 7,599,363 | 4,956,849 | 5,721,209 706,900 632,711
2004 = 12,666,072 1,911,150 | 7,753,111 | 5,111,938 | 6,030,971 719,627 606,356
2005 & 12,779,646 1,858,412 | 7,552,788 | 5,018,548 | 5,825,724 750,704 606,670
2006 & 11,463,064 1,604,312 | 6,620,623 | 4,314,288 | 4,830,221 641,106 528,283
TR RS F oL AT




$Z & KALFARPISTEE
AR AR R ST DAL hR N $0F 19992 $]2006 £
LERGEBREE CRDNFEAY S KB B KT 25 STHIcA DY $ s

B 24T L RETER N RRIEGETE REFATFTHRE)

FRRERBFEE T2 ST R F IR ZEANGEE & bl R TRE S B P A

FTASETRERErRFLEY >~ & KRR TIN5 5060 ~ el f & F kR

~

PIon 32/l 251% 275 25" & FEFE 2P FRISFT LA

- B P AR R ST RETE S 2L

ﬂ
lm]—

R

&R e RN
1999 =& 54,064,459 543,596
2000 & 79,182,449 565,829
2001 & 46,894,616 241,670
2002 & 43,428,720 264,837
2003 & 45,406,142 353,960
2004 # 44,571,107 219,033
2005 # 46,114,713 203,249
2006 # 45,382,534 193,488
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PE £(H i+ )

£ R 2R Hw L ZE ® B RN ¥
1999 & | 83,902 | 5207 | 154,470 | 107,136 | 31,042 28,922 6730
2000 & | 270,730 | 3,078 | 46,816 | 10,654 10,150 84,499 4199
2001 & | 31,520 | 1,565 21,745 | 5,530 2,087 113,654 0
2002 & | 15370 | 1,266 | 32,000 | 9,697 46,948 88,258 2500
2003 & | 151,823 | 1,148 | 40,015 | 3,358 3,373 94,482 0
2004 & | 13,932 | 1,400 | 39,851 | 2,386 1,761 95,690 0
2005 & | 11,737 905 12,598 | 2,159 1,253 71,364 1988
2006 & | 10,423 905 15,235 1,898 3,272 81,140 1000

TR R R R AP TR
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% Miék
£11999# F|2006 & B BE FTHE> S 8- B SRS L ERARE
LA RR
PER(E) |- % "R 2% “ri|Z % vk LAY 1 PMio
(ppm) (ppm) (ppm) (ppm) | (ug/m3)
1999 & 0.74 0.005 0.023 0.054 59.95
2000 # 0.7 0.004 0.022 0.054 59.37
2001 0.73 0.004 0.021 0.057 57.87
2002 # 0.6 0.004 0.019 0.06 54.28
2003 & 0.62 0.003 0.019 0.06 55.03
2004 & 0.55 0.004 0.02 0.061 62.13
2005 # 0.54 0.005 0.018 0.057 62.75
2006 0.52 0.005 0.018 0.06 59.68
ML ERESRTIRR
PERF(E) |- F "B |2 % “an |- % v § 3 PMio
(ppm) (ppm) (ppm) (ppm) | (ng/m3)
1999 & 0.75 0.004 0.025 0.051 46.46
2000 # 0.73 0.004 0.023 0.05 50.62
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2001 & 0.71 0.004 0.023 0.05 49.18
2002 # 0.66 0.004 0.021 0.054 47.91
2003 & 0.68 0.003 0.021 0.053 45.76
2004 & 0.58 0.004 0.023 0.054 52.17
2005 # 0.62 0.006 0.022 0.05 51.84
2006 & 0.58 0.005 0.021 0.053 48.43
PEEEREGAFER
PER(E) |- % "R 2% “Ei|z- % vk LAY 7 PMio
(ppm) (ppm) (ppm) (ppm) | (ug/m3)
1999 & 0.59 0.004 0.021 0.05 50.29
2000 # 0.56 0.003 0.019 0.051 47.12
2001 +# 0.54 0.003 0.018 0.052 45 .44
2002 & 0.53 0.003 0.018 0.056 46.19
2003 & 0.51 0.003 0.016 0.054 4535
2004 # 0.46 0.003 0.018 0.057 51.67
2005 # 0.49 0.004 0.016 0.055 51.57
2006 & 0.46 0.004 0.016 0.057 50.98
R () PZ R LTAFER

55




—F R -F bR |- F 0t % LEEY PMio
(ppm) (ppm) (ppm) (ppm) | (ug/m3)
1999 0.66 0.003 0.023 0.055 68.51
2000 0.69 0.003 0.024 0.055 68.52
2001 # 0.68 0.003 0.023 0.06 64.01
2002 # 0.65 0.003 0.022 0.062 63.33
2003 & 0.67 0.003 0.021 0.066 62.49
2004 & 0.63 0.004 0.022 0.067 68.22
2005 0.55 0.004 0.018 0.062 67.11
2006 0.62 0.003 0.02 0.064 65.29
ZERZHEREARTERR
PERF(E) |- F o |- % v | 2% v F 53 PMio
(ppm) (ppm) (ppm) (ppm) | (ng/m3)
1999 & 0.57 0.004 0.02 0.057 72.12
2000 0.59 0.004 0.02 0.058 70.09
2001 0.57 0.004 0.02 0.064 69.68
2002 # 0.51 0.003 0.018 0.067 63.42
2003 & 0.56 0.003 0.017 0.068 65.48
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2004 & 0.49 0.004 0.017 0.07 78.58
2005 # 0.45 0.005 0.016 0.063 79.83
2006 0.44 0.004 0.016 0.067 75.6
BREISRLEGAAVER
BR(E) |- F a2 F Yan|oF v % LR PMio
(ppm) (ppm) (ppm) (ppm) | (ng/m3)
1999 & 0.7 0.008 0.023 0.069 80.07
2000 # 0.61 0.006 0.02 0.065 78.99
2001 # 0.63 0.006 0.02 0.07 72.86
2002 # 0.59 0.005 0.018 0.07 62.24
2003 # 0.6 0.005 0.018 0.067 67.9
2004 0.51 0.006 0.021 0.069 73.9
2005 # 0.49 0.008 0.018 0.065 76.24
2006 # 0.49 0.007 0.017 0.068 72.37
FAEIERLEFATER
PER(E) |- % YR |- % vre|- 5 v % 55 PMio
(ppm) (ppm) (ppm) (ppm) | (ng/m3)
1999 & 0.53 0.001 0.011 0.034 34.2
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2000 # 0.57 0.001 0.011 0.036 30.38
2001 # 0.58 0.001 0.012 0.037 33.85
2002 & 0.53 0.001 0.011 0.038 28.98
2003 & 0.55 0.001 0.011 0.036 31.06
2004 & 0.49 0.001 0.011 0.039 39.93
2005 # 0.48 0.002 0.01 0.037 37.37
2006 # 0.43 0.002 0.01 0.042 34.82

EREASEEARTRR

PER(E) |- % "R |- % vre|z- 5 vk 5 PMio
(ppm) (ppm) (ppm) (ppm) | (ng/m3)
1999 & 0.49 0.002 0.014 0.043 36.44
2000 0.52 0.002 0.013 0.042 35.52
2001 & 0.5 0.002 0.013 0.041 35.61
2002 & 0.49 0.002 0.013 0.042 39.81
2003 & 0.52 0.001 0.012 0.046 41.83
2004 & 0.5 0.002 0.012 0.048 39.17
2005 0.48 0.003 0.012 0.044 40.24
2006 0.47 0.003 0.012 0.045 41.72
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3F)
EAAYIER

PER(E)|-F it % vai|lo%F v % 3 PMio

(ppm) (ppb) (ppb) (ppb) | (ng/m3)
1999 & 0.74 5 23 24 59
2000 # 0.72 4 21 25 59
2001 # 0.72 4 22 26 58
2002 # 0.69 4 20 27 55
2003 # 0.68 4 20 28 55
2004 # 0.59 4 21 29 63
2005 # 0.57 6 19 26 63
2006 # 0.55 5 19 29 60

ML ERESEPFIER

PER(E)| - F bR % van|2 5 v % LR 1 PMio

(ppm) (ppb) (ppb) (ppb) | (ng/m3)
1999 # 0.76 4 25 23 45
2000 # 0.73 4 23 24 48
2001 # 0.71 4 23 25 48
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2002 & 0.67 4 22 26 48
2003 # 0.86 3 21 27 45
2004 & 0.6 4 23 28 52
2005 # 0.63 5.34 222 24.85 52.66
2006 0.59 4.86 21.71 27.62 50.1
TR EERSSAPIRR
BER(E)|-F “ |- % bai|lo % v % LA PMio
(ppm) (ppb) (ppb) (ppb) | (ng/m3)
1999 & 0.57 3 20 24 50
2000 # 0.54 3 19 24 48
2001 # 0.53 3 18 25 45
2002 # 0.51 3 18 27 47
2003 & 0.49 3 16 28 46
2004 & 0.45 3 17 29 52
2005 # 0.47 3.82 15.18 28.14| 5145
2006 0.44 3.51 15.38 28.97 50.7
PR EH LA ER
PR ()
- Fitp|l-F vl F % 53 PMio
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(ppm) (ppb) (ppb) (ppb) | (ng/m3)
1999 & 0.66 3 23 20 67
2000 0.69 3 24 21 67
2001 0.69 3 23 23 63
2002 # 0.66 3 22 24 62
2003 & 0.68 3 21 26 62
2004 & 0.63 4 22 27 68
2005 # 0.55 4.01 18.46 26.59]  66.71
2006 0.53 3.68 18.26 27.58 61.95

ZERZIEREAAVIER

PER(E)|-F it p|- % var % v % LE 1 PMio

(ppm) (ppb) (ppb) (ppb) | (ng/m3)
1999 & 0.54 4 19 24 71
2000 # 0.57 4 19 25 69
2001 & 0.55 4 19 27 68
2002 # 0.5 3 17 29 62
2003 & 0.55 3 16 29 65
2004 & 0.48 4 17 30 78
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2005 # 0.44 4.49 15.62 27.97 79
2006 # 0.43 4.09 15.31 3027 75.12
BEISFESAPIERR

PER(E)|-F it % vai|loF v % LA 7 PMio
(ppm) (ppb) (ppb) (ppb) | (ng/m3)
1999 & 0.72 8 24 26 79
2000 # 0.62 6 20 27 80
2001 # 0.64 7 21 30 74
2002 # 0.61 6 18 31 63
2003 # 0.61 6 19 30 69
2004 0.52 6 22 31 75
2005 # 0.5 7.96 18.33 28.91 77.49
2006 # 0.5 6.62 17.64 30.66|  73.54
TAREISEFEAASIER
PER(E)|-F it % vae|lo%F v % 3 PMio
(ppm) (ppb) (ppb) (ppb) | (ng/m3)
1999 & 0.53 0 11 21 34
2000 # 0.56 0 11 22 30
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2001 # 0.58 1 11 22 34
2002 # 0.53 1 10 23 29
2003 0.55 1 10 22 31
2004 0.49 1 11 24 40
2005 0.48 2.22 9.95 2325 3737
2006 # 0.43 2.17 9.48 26.771| 3475
PRESREAAYIER
PER(E)|-F it % vai|lzo%F v % 3 PMio
(ppm) (ppb) (ppb) (ppb) | (ng/m3)

1999 & 0.49 2 14 23 36
2000 0.52 2 13 22 35
2001 0.5 2 13 23 36
2002 # 0.49 2 13 23 40
2003 # 0.52 1 12 26 42
2004 # 0.5 2 13 27 39
2005 0.48 2.65 11.72 2445 4024
2006 0.47 2.57 12.38 2548  41.63
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S 1 9.2x10’ 0.72 0.01
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PMio -15534 0.06 0.57
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S @ i R? B
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SIS 1 1.93x10° 0.41 0.09
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PMio 96302.36 0.20 0.27
ZE3
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- F it 7x10° 0.56 0.03
g LY 9.4x10’ 0.01 0.79
i3 2.76x10° 0.72 0.01
F -8.5x10’ 0.55 0.03
PMio -19329.36 0.05 0.6
B A
i i i R’ p &
o 216.41 0.01 0.92
g LY 1.4x10° 0.04 0.63
S 1 2.58x10° 0.64 0.02
% 2.9x10’ 0.01 0.82
PMio 46657.76 0.18 0.29
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s i e R’ p i
- F it 9x10° 0.46 0.07
ZF g -6.2x10’ 0.39 0.10
ZFivF 7.1x10’ 0.43 0.08
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- F itE 2x10° 0.2 0.26
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L 3 i R’ piE
- F it 7x10° 0.48 0.06
ZF v 36811 0.01 0.93
ZFivF 3x10° 0.73 0.01
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- § v 9x10° 0.50 0.07
ZF it a -59072.53 0.53 0.04
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- F itE 2x10° 0.2 0.26
g LY -44917.79 0.12 0.4
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iz -24636.48 0.46 0.07

PMio -16954.21 0.51 0.04
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PMio -3.78x10°® 0.02 0.72
Py
A i i R’ piE
- § v 2.59x107 0.64 0.02
ZF i 7.93x10® 0.06 0.55
i3 1.01x10° 0.83 0.01
iz -1.36x10° 0.62 0.02
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PMio 2.4x107 0.20 0.27
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ZF b -7.01x107 0.02 0.76
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i3 5.33x10® 0.19 0.28
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PMio -0.01 0.12 0.39
(R
AR d @ 7 il R? B
- § v -2.61x107 0.01 0.82
g B 3 4.17x10” 0.03 0.69
SIS 1 3.71x10® 0.17 0.32
% -1.1x107 0.01 0.86
PMio -2.61x107 0.01 0.82
¥R
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- § v -4.08x1077 0.01 0.9
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- vp 4.71x1077 0.12 0.41
Z§F v -4.02x10°° 0.15 0.34
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S 1 2.19x107 0.23 0.23
LN -4.34x107 0.48 0.06
PMio 2.34x107 0.16 0.33

R
54 @ fF e R’ p &
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F -4.49%x107 0.5 0.04
PMio -9.55%107® 0.01 0.89

® B
SR @ i R’ p i

o A 2.39x10° 0.28 0.18
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ZFivF -1.18x10°® 0.01 0.91
iz 1.56x107 0.05 0.61
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- vp -4.08x1077 0.01 0.9

g B 3.49x107 0.03 0.7

ZF i 0.01 0.39 0.1
i -0.01 0.42 0.08
PMio -0.01 0.3 0.16
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g LY -4.12x10® 0.04 0.63
33 9.55x10" 0.83 0.01
&% -4.74x10° 0.61 0.02
PMio 4x10° 0.29 0.17
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