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Emission Charges, Economic | mpacts, and Water
Quality Improvement - A CGE Approach

Jiun-Jiun Ferng

ABSTRACT

Industrial pollution is one of the major reasons for environmental deterioration. Imposing emission
charges to reduce industrial pollutant emissions has been seen as an important approach to improve environ-
mental quality. However, imposing emission charges on production activities may have general equilibrium
effects on an economy because of the inter-rel ationships among economic sectors. In addition, the economic
effects may include the benefits to an economy as aresult of environmental quality improvement.

The current paper proposes an analytical framework in which a computable general equilibrium model
was linked with two environmental models to examine the economic impacts of water pollutant emission
charges on the economy and water quality in Taiwan.

The results of policy simulations show: (1) the percentage changes in sectoral output volumes and prices
under alternative emission charge rates; (2) the estimated impacts of emission charges on selected macro
economic variables; (3) the estimated short-term direct effects of emission charges on water quality improve-
ment; and (4) the feedback effects of water quality improvement on the economy.

Keywords: Computable General Equilibrium Model; Environmental Feedback Effects; Pollutant Emission
Charges.
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Ferng (1996)

(Beneficial Environmental Feedback Effects)

(Computable General Equilibrium Model CGE )

(Sortle and Willett, 1986; Hasilla and Kopp, 1990; Boyd and Uri, 1991; Nestor and
Pasurka Jr, 1995)

94



(Kneese and Bower, 1984; Dinar, et al., 1991; Prendergast, 1993)
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Y =24.09 0.0032 ECIW( 1994) Y ECIW

( 1 micromhos/ cm)
4
3 CGE
D @) ?
[45] ECIW=al+ (blx tp)
[46] YY =a2+ (hb2x ECIW)
[45] (tp) (ECIW) [46]
(ECIW) (YY) YY
1-3
TDS
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1 TDS
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()
TDS
TDS
| I i W
( ) 0 1 5 10 14

( )
1.0000 (-0.0414)  (-0.2064) (-0.4109) (-0.5731)
1.0000 (+0.2994)  (+1.4975)  (+2.9955)  (+4.1944)
1.0000 (-0.0231)  (-0.1153) (-0.2293) (-0.3198)
1.0000 (+0.0663)  (+0.3315)  (+0.6636)  (+0.9296)
1.0000 (+0.1217)  (+0.6065)  (+1.2082)  (+1.6862)
1.0000 (+0.1053)  (+0.5255)  (+1.0492)  (+1.4669)
1.0000 (+0.0048)  (+0.0241)  (+0.0478)  (+0.0667)
1.0000 (-0.0404)  (-0.2015) (-0.4012) (-0.5597)

( )
213.965 (-0.0986) (-0.4889) (-0.9254) (-1.3427)
145.578 (-0.1140) (-0.5681) (-1.1314) (-1.5778)
109.027 (+0.0202)  (+0.0981)  (+0.1899)  (+0.2587)
833.700 (-0.1039) (-0.5170) (-1.0281) (-1.4328)
759.051 (-0.3898) (-1.9084) (-3.7196) (-5.1041)
3302.562 (-0.0814) (-0.4050) (-0.8053) (-1.1220)
1998.713  (+0.2398)  (+1.1846)  (+2.3348)  (+3.2317)
13491.622 (+0.0187)  (+0.0884)  (+0.1742)  (+0.2418)

e
TDS
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TDS
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TDS

)0.25

0.21

(P")

TDS

A-3
0.16
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()

(Household Income)

(Private Consumption)

(Household Utility)

TDS (
YINST, ) (YL DSTPRF) ( A-
1 [23]) ( A-1 [12] [13]
[18] [20])
| I i IV
) 0 1 5 10 14
)
4057.655  (-0.0604) (-0.3008) (-0.5988) (-0.8846)
739.752  (-0.0612) (-0.3052) (-0.6076) (-0.8477)
90.360  (-0.0775) (-0.3873) (-0.7736) (-1.0790)
201516  (+1.4753)  (+7.3334)  (14.5596)  (20.2674)
1057.511  (+0.2811)  (+1.3974)  (+2.7744)  (+3.8621)
-8.729  (-2.0621)  (-10.1959)  (-20.0710)  (-27.7466)
1258491  (+0.5775)  (+2.8572)  (+5.6364)  (+7.8087)
698.864  (-0.0634) (-0.3154) (-0.6273) (-0.8743)
GDP 51908.505  (+0.0092)  (+0.0450)  (+0.0871)  (+0.1188)
)
100.284  (-0.0389) (-0.1506) (-0.3011) (-0.4208)
14.737  (-0.3596) (-1.7575) (-3.4607) (-4.7839)
74.467  (-0.0403) (-0.2055) (-0.4096) (-0.5721)
454.404  (-0.1224) (-0.6089) (-1.2117) (-1.6897)
92.047  (-0.2640) (-1.3026) (-2.5650) (-3.5460)
211584  (-0.1640) (-0.8153) (-1.6154) (-2.2454)
372.960  (-0.0660) (-0.3282) (-0.6532) (-0.9111)
1579.272  (-0.0208) (-0.1044) (-0.2083) (-0.2910)
1. ")
2
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TDS

A-1 [34] [35])

()
CGE

TDS
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TDS

TDS
TDS 154.82 mg/l  2131.12 mg/l

TDS
TDS
CGE
(BOD)



:C.M.D;mg/l

TDS

I Il [ v I I [l v

554688 544688 208.97 208.97 208.98 208.37 20648 351.24 350.90 349.56 347.97 346.57
1246752 1038096 154.82 154.83 154.86 154.23 152.37 1087.06 1086.03 108195 1078.69 1079.32
586656 400896 241.96 241.97 24199 24150 240.12 660.84 660.37 65849 656.46 655.28
508032 508032 209.48 209.48 209.48 20942 209.66 32897 328.73 327.76 32694 326.96
96768 144288 361.34 361.34 361.35 35997 35598 592.85 59228 590.05 587.44 58542
315360 52704 20327 20327 20326 203.06 204.48 74731 746.64 74395 740.82 738.47
1961280 1961280 164.59 164.60 164.64 164.00 16218 280.39 280.20 27948 278.30 276.78
802656 720576 392.54 392.56 392.65 390.97 386.17 966.26 96551 962.55 959.26 957.18
2392416 193536 280.11 280.11 280.11 280.01 279.75 71049 71000 708.04 70539 702.70
212544 80352 649.30 649.31 649.32 645.80 635.29 148365 1483.09 1480.86 1476.79 1470.31
3456 3456 201157 201159 2011.66 2010.31 2005.53 2104.80 2104.60 2103.78 2102.44 2100.45
25920 25920 124529 124531 124535 1241.47 1229.99 2090.89 2090.49 2088.88 2087.44 2087.33
48384 48384 619.77 619.76 619.74 618.10 613.50 1452.94 1452.16 1449.05 1446.02 1445.00
194400 1181952 32140 321.38 321.33 32101 32023 38691 386.67 38574 384.86 384.62
121824 604800 314.79 314.78 31475 31379 31120 21289 21281 21246 21190 21121
864 864 1683.10 1683.00 1682.60 1682.14 1681.84 2131.12 2130.83 2129.65 2128.20 2127.16
1019520 177984 23943 23943 23943 23938 239.26 380.57 380.39 379.66 378.68 377.74
286848 1556064 207.16 207.15 207.14 207.10 207.03 199.56 19955 199.50 199.44 199.40
482976 2121984 220.07 220.06 220.06 220.03 219.99 21919 219.17 21911 219.04 219.00

TDS

TDS
IV TDS
CGE [ ]

TDS ( ) CGE
[A] [B]
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TDS

%

CGE

\Y

[B]

[A]

[B]

[A]

[B]

[A]

[B]

[A]

-0.0414
+0.2994
-0.0231
+0.0663
+0.1217
+0.1053
+0.0048
+0.0404

-0.0352
+0.3000
-0.0235
+0.0671
+0.1213
+0.1048
+0.0044
-0.0409

-0.2064
+1.4975
-0.1153
+0.3315
+0.6065
+0.5255
+0.0241
-0.2015

-0.1752
+1.5003
-0.1169
+0.3357
+0.6047
+0.5232
+0.0219
-0.2037

-0.4109
+2.9955
-0.2293
+0.6636
+1.2082
+1.0492
+0.0478
-0.4012

-0.3487
+3.0012
-0.2327
+0.6719
+1.2047
+1.0447
+0.0434
-0.4056

-0.5731
+4.1944
-0.3198
+0.9296
+1.6862
+1.4669
+0.0667
-0.5597

-0.4863
+4.2023
-0.3245
+0.9412
+1.6815
+1.4606
+0.0605
-0.5658

-0.0986
-0.1140
+0.0202
-0.1039
-0.3898
-0.0814
+0.2398
+0.0187

-0.1028
-0.1154
+0.0193
-0.1053
-0.3893
-0.0815
+0.2387
+0.0174

-0.4889
-0.5681
+0.0981
-0.5170
-1.9084
-0.4050
+1.1846
+0.0884

-0.5090
-0.5756
+0.0945
-0.5238
-1.9061
-0.4055
+1.1795
+0.0866

-0.9254
-1.1314
+0.1899
-1.0281
-3.7196
-0.8053
+2.3348
+0.1742

-1.0067
-1.1465
+0.1834
-1.0415
-3.7156
-0.8063
+2.3249
+0.1717

-1.3427
-1.5778
+0.2587
-1.4328
-5.1041
-1.1220
+3.2317
+0.2418

-1.3974
-1.5991
+0.2504
-1.4515
-5.0989
-1.1235
+3.2180
+0.2389

GDP

-0.0604
-0.0612
-0.0775
+1.4753
+0.2811
-2.0621
+0.5775
-0.0634
+0.0092

-0.0610
-0.0619
-0.0786
+1.4713
+0.2804
-2.0506
+0.5747
-0.0640
+0.0088

-0.3008
-0.3052
-0.3873
+7.3334
+1.3974
-10.196
+2.8572
-0.3154
+0.0450

-0.3040
-0.3085
-0.3918
+7.3131
+1.3936
-10.162
+2.8422
-0.3184
+0.0428

-0.5988
-0.6076
-0.7736
+14.560
+2.7744
-20.071
+5.6364
-0.6273
+0.0871

-0.6052
-0.6141
-0.7813
+14.520
+2.7669
-19.991
+5.6089
-0.6330
+0.0828

-0.8846
-0.8477
-1.0790
+20.267
+3.8621
-27.747
+7.8087
-0.8743
+0.1188

-0.8442
-0.8568
-1.0912
+20.211
+3.8514
-27.632
+7.7707
-0.8824
+0.1129
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0.8743%

TDS

(Household Utility) IV CGE [A]
TDS 14 0.8824% CGE  [B]
0.0081%

CGE
( CGE [B])
TDS
CGE
CGE

TDS

[A]
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CGE

CGE A-1 [1]-[44]
[1]-[8]
(2]
[1] [2]

i i i

j

I 1
(7] [
[9]-[18] 10

A-1 CGE [B]

[A]  [1]-[46] [B]
A-2
[1] i
[
(3]
(6] i
[5] i
j i [6]
i TDS
(8l
[9]
[10] S
Cobb-Douglas

[1]
[2]
[3]
[4]
(3]
6]
[7]
8]

[9]

[10]
[11]
[12]
[13]
[14]

P™=pwm x (1+t™) x ER

Pe=pwe x ER

Piqz(Pid % Di+Pim X Mi)/Qi

|:>i><: (Pid % Di+Pie X Ei)/Xi

Pl = P x by

CHARGE, =tp x ef x ww, x PX
Pi=P*x (1-t9)-(X, 8 x P9-CHARGE,
PINDEX = P (P )™

X =2 XX,

XX, =axx x LL 20 x KK, 120

INTS =% ;8 X XXjs

WL x wwl, x LL _=P" x a x XX_

WK x wwk, x KK _=Pv, x (1-a)x XX

X, =ax x {[1*x EPO]+[(1-1 ) x DP*O]}ux0
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A-1( 1)

[15]
[16]
[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]

[31]
[32]
[33]

[34]
[35]
[36]
[37]
[38]
[39]

[40]
[41]
[42]
[42]
[43]

[44]

[45]
[46]

Ei = Di X [Pie X (1 - I ix) / (Pid X I iX)]]J[px(i)-l]

Qi =ag X {(1 iq X |\/|i-p q(i))+ [(1-1 iq) X Di-p q(i)]}-llpq(i)
M.=D, x {(Pd x | /[P™ x (1-] ]}vireai]
TDS =2  ef x ww, x (P* x XX

YL=Z WL x wwl x (£ _LL)

YK=% WK x wwk x (Z _KK,)

YINST, , = YK + nfik + govtoent - DEPRECT

DSTPR_=YINST, , - ENTTAX - ENTSAV

YINST, , = YL + DSTPRF + nfil + govtohh + rowtohh

TARIFF=Z t™x [P™x M. /[(1+tM]

INDTAX =%  (P*x X, x t%)

ENTTAX =t"_ x YINST_,

HHTAX =t"_ x (YINST _, - hhtorow)

ENTSAV =mps,_, x (1-t_)x YINST,

HHSAV =mps_, x (1-t"_) x (YINST,_, - hhtorow)

GR = TARIFF + INDTAX + HHTAX + ENTTAX + rowtogov +
Z  (CHARGE, x X))

GOVSAYV =GR - govtoent- govtohh- govtorow -% . (P9 x GD,)

DEPRECT =3  [depr, x P*x (X KK,)]

SAVING = HHSAV + ENTSAV + GOVSAV + DEPRECT + FSAV x ER

P9x CD, =mpc, x (1-mps_)x (1-t"_)x (YINST,_, - hhtorow)
U=P (CD )™

P9x GD, =gles x gdtot

Pdx ID, =idr, x INVEST

RGDP=% {CD,+GD, +ID,+E -[P"x M, /(1+t")]}
GDPVA = INDTAX + TARIFF + = [(P"+ CHARGE) x X|]

Q=CD,+GD, +ID,+% _INTS_

22 LL, =Is

z .2 KK, =ks

z 2 KK, =ks

govtorow + hhtorow + = . [P™x M,/ (1+tm)]

=FSAV x ER+rowtohh +rowtogov +nfil + nfik += . (P.°x E)
SAVING = INVEST

ECIW =al + (b1 x tp)
YY =a2 + (b2 x ECIW)
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h( ) bh=1

TDS

4
8
I
kg/M3
109NT$

gdtot
govtoent
govtohh
govtorow
hhtorow
nfil

nfik

pwe

pwm
rowtogov
Rowtohh
tp

CD
CHARGE
D
DEPRECT
DSTPRF
E

ECIW
ENTSAV
ENTTAX
ER

FSAV
GD
GDPVA
GOVSAV
GR
HHSAV
HHTAX
ID
INDTAX
INTS

(109 NT$)
(109 NT$)
(109 NT$)
(109 NT$)
(109 NT$)
(109 NT$)
(109 NT$)

C )

« )
(109 NT$)

(109 NT$)
(109NT$/KkQ)
(109 )

(109 NT$/kg)

(209 )
(109 NT$)

(109 NT$)
(209 )
(micromhos/cm)
(109 NT$)
(109 NT$)

TDS

(109 US$)
(109 )
GDP (109 NT$)
(109 NT$)
(109 NT$)
(109 NT$)
(109 NT$)
(109 )
109 NT$
(109 )
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A-2( 1)

wWw (M3/109 NT$) INVEST (109 NT$)
KK (109 NT$)
LL (106 )
P ( ) M (109 )
PINDEX WL (109 NT$/ 106 )
Q (109 ) WK (109 NT$)
RGDP GDP (109 NT$) X (109 )
SAVING (109 NT$) XX (109 )
TARIFF (109 NT$) YINST (109 NT$)
TDS kg YK (109 NT$)
U YL (109 NT$)
YY
1. 81
2. ()" (8] mpc(i)
mpc,
axx,
CGE  [B] [11]
S |
[12] [13]
CGE
CGE
[14] CET i
U[p x(i)-1]  [15] i [14]

[15]  [16] [17]
[14]
V[1+pq(i)]
[17] [16]
[18]
s TDS TDS TDS
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[19]-[33]

[19]
[19]
[20]
[24]
[27]
[28] [29]
[30]
[31]
[34]- [39]
i
[37] i
i [37]
i
[39]
[40]-[43]
[40] i
[41] [42]
[43]
[1]-[44] CGE  [A]

112

[19]

[21]

[26]

[34]
[35]

[38]

[44]
[A]

[20]
[20]

[22]
[23]

[25]

[32]
[33]



A-3

i 1 2 3 4 5 6 7 8

0.126589 0.048077 0.006059 0.158720 0.023071 0.000151 0.002202 0.000808
0.005274 0.075800 0.001237 0.118183 0.004761 0.000016 0.000000 0.000590
0.000819 0.000897 0.035971 0.022695 0.000030 0.000795 0.011216 0.000025
0.002636 0.564025 0.073787 0.209720 0.023863 0.010426 0.008312 0.023346
0.001107 0.000138 0.016656 0.002087 0.368866 0.009646 0.010736 0.003309
0.099677 0.008086 0.087955 0.060081 0.190879 0.548390 0.235946 0.054138
0.008222 0.009234 0.050179 0.027032 0.026832 0.068634 0.254283 0.040888
0.106843 0.128854 0.135031 0.094299 0.062751 0.077278 0.085237 0.127390

© N o g b wDd PP

[45] [46] [A] [B] [45] [46]
[B]
(1992)
(1993)
(1994) 83
2 9 13
(1994) CGE 161

Boyd, R. and N. D. Uri (1991),The Cost of Improving the Quality of the Environment, Environment and
Planning. 23:1163-82.

Devargian, S., J. D. Lewis, and S. Robinson (1991) , From Stylized to Applied Models: Building Multi-sector
CGE Modelsfor Policy Analysis. University of California at Berkeley, Working Paper No. 66.

Dinar, A. et d. (1991), Production Functions Relating Crop Yield, Water Quality and Quantity, Soil Salinity,
and Drainage Volume, Agricultural Water Management. 19:51-66.

Ferng, J.-J.(1996), The Impacts of Emission Charges on the Economy and Water Quality in Taiwan. Doctoral
Dissertation, Cornell University, U.S.A.

Hazilla, M. and R. J. Kopp (1990), Social Cost of Environmental Quality Regulations: A General Equilibrium
Analysis, Journal of Political Economy. 98(4):853-73.

Kneese, A. V. and B. T. Bower (1984), Managing Water Quality: Economic, Technology, Institutions.
Resources for the Future, Inc.

113



Mass, E. V. and G. J. Hoffman (1977), Crop Salt Tolerance -Current Assessment , Journal of the Irrigation
and Drainage Division. 21:115-34.

Nestor, D. V. and C. A. Pasurka Jr(1995), CGE Model of Pollution Abatement Process for Assessing the
Economic Effects of Environmental Policy, Economic Modeling. 12(1):53-9.

Prendergast, J. B.(1993), A Model of Crop Yield Responseto Irrigation Water Salinity: Theory, Testing and
Application, Irrigation Science. 13:157-64.

Shortle, J. S. & K. D. Willett(1986), The Incidence of Water Pollution Control Costs: Partial vs. General
Equilibrium Computations, Growth and Change. 17(2):32-43.

Tihansky, D.(1975), A Survey of Emperical Benefit Studies, in: Cost Benefit Analysis and Water Pollution
Policy. 127-172. Edited by M.P. Henry & S.P. Eugene. Washington, D.C.: The Urban Institute.

114



