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Table 1 Coefficients of various energy sources
- }ﬁﬁ«’ﬁ e 5 B IR & i — . CO, HEH A B kg -
AES e {H te/T] MJ/t, km? C0,/kg kg - CO,/m’

R 0.714 25.800 20 908 3.667 0.940 1.859
e 0.917 29.420 28 435 3.667 0.930 2.853
JEiH 1.429 20.080 41 816 3.667 0.980 3.017

S S 1.429 21.100 41 816 3.667 0.980 3.170
Rl 1.471 18.900 43 070 3.667 0.980 2.925
STl 1.471 19. 600 43 070 3. 667 0.980 3.033
S 1.457 20.200 42 652 3.667 0.980 3.096

TR 1.330 15.300 38 931 3.667 0.990 2.162

- B ARE (S E RERR T ELE ) (GB/T 2589 —2008) (4 gl = AT S g T8 B ) (sl dp <A [2011 11041 5 ) HEBRAG 5.

2 SHESH

2.1
2.1.1

BBRBHER AT
KMEARIME T LER

REEZ AR DR A SCHE Lt Kl
Z PR EAE AT PR AL B BAR D K 2545 (0 4%
AFRERBCA LR H B 23 B B LLE T i 3 1E
TEFER b3 o Al 5 808 AT 2 MR g, 15 3
®2 FESAYSHETHE

Table 2 Estimation of parameters of directional distance function

IZEAGTHE N 2 PR,

MR 2 BOMh 45 SR & PR, T 1 1 B pR R4S R
A HERINT 1, UL R AL R B R
ARSI AL, 7 [ B PR BB AR SN T 1,
R 35k 3 TORR I A R B R G 1 R i 1) 285
I PR—BER AR S TO Tk R 100% (9745 30
LT AL, A R e R R 2 5 7 R A [ sk 2> €O, Y
HERL AU B 3 A TG B S  R B HROCR,
TENATTEN T AR REIREZ T BRI

S8 X A8 T 44 fliiHE
) figie -0.026 6
o % 0.1855
¢} X 0.561 7
a3 X3 0
Bi y -0.7655
i =B +1 b 0.234 5
o % -0.239 8
0 Xy Xy -0.014 5
033 X33 0
o = X1%) -0.2552
o3 = 03 X1 X3 0
Q3 = Q3 Xy X3 0
By =y, = ¥2 b7y -0.147 9
o =m %1y,% b 0.3137
% =m %)%, b 0.077 0
0 =m3 23y, %30 0
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Table 3 The marginal cost of CO, emission reduction in China’s provinces ( municipalities)

TEHER A 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
dbat 2772.6 | 2729.1 | 2701.8 | 2709.6 | 2844.6 | 2946.1 | 3350.9 | 3520.5 | 3936.2 | 4250.5
PN 1183.5 | 1138.6 | 1094.7 | 1057.0 | 1048.8 992.8 973.5 887.6 1051.1 | 1127.5
Wk 1434.9 | 1152.1 824.2 728.7 571.6 518.0 486.9 429.6 316.3 541.7
i 1477.4 | 1377.8 | 1147.7 | 1040.3 939.6 906. 4 894.4 789.7 892.2 982.6
R 1331.8 | 1192.5 | 1133.0 | 1104.9 | 1187.0 | 1153.3 | 1181.1 | 1098.8 | 1511.9 | 1849.0
MIDIN 1895.5 | 1537.3 | 1182.8 | 1176.2 | 1063.9 966. 3 943.2 828.8 692.9 775.9
Wi 1281.4 | 1408.7 | 1602.3 | 1826.5 | 1901.4 | 2321.7 | 2859.4 | 3032.4 | 3866.4 | 5355.7
Ficyz:s 1759.2 | 1859.9 | 1864.5 | 1937.9 | 1943.3 | 1940.6 | 1872.9 | 1920.3 | 2317.6 | 2673.0
7R 2630.8 | 2036.9 | 1733.9 | 1364.3 | 1049.9 833.4 841.1 724.4 916.9 1075.0
IR 2519.0 | 2481.5 | 2546.7 | 2426.9 | 2339.2 | 2045.3 | 21129.4 | 2047.5 | 2460.2 | 3083.6
{532 1025.3 | 1033.6 | 1041.0 | 1019.2 968.8 955.9 959.8 948.2 933.5 950.1
1Y) 835.0 765.7 648.8 542.7 489.1 500.1 587.4 499.1 398.7 447.8
K 1518.1 | 1436.7 | 1220.5 | 1182.7 | 1169.0 | 1099.0 | 1120.7 | 1075.2 998.9 1062.3

Loy /AN 2510.8 | 2320.3 | 2036.9 | 1997.2 | 1945.5 | 1697.1 | 1677.2 | 1515.9 | 1426.9 | 1451.9
T 1618.8 | 1492.0 | 1424.3 | 1392.8 | 1338.2 | 1243.5 | 1270.0 | 1277.4 | 1353.4 | 1497.5
TPy 1553.8 | 1486.7 | 1460.0 | 1456.9 | 1434.5 | 1404.7 | 1429.7 | 1389.3 | 1530.5 | 1811.4
bENE) 3547.3 | 2692.7 | 2208.3 | 1980.9 | 1760.3 | 1632.9 | 1797.2 | 1721.8 | 2002.0 | 2643.0
i 2369.4 | 2289.7 | 2159.7 | 2065.2 | 1572.2 | 1547.7 | 1540.4 | 1447.5 | 1602.5 | 1695.4
ilE) 1979.7 | 1764.4 | 1583.3 | 1550.9 | 1512.8 | 1534.4 | 1611.2 | 1612.7 | 1666.4 | 1799.0
I 1627.3 | 1548.5 | 1517.3 | 1458.4 | 1406.2 | 1411.9 | 1426.8 | 1382.2 | 1349.4 | 1402.5
EUS 1408.6 | 1390.9 | 1355.9 | 1362.0 | 1323.2 | 1291.2 | 1310.2 | 1343.0 | 1574.2 | 1684.6
iyl 2517.3 | 2285.1 | 2340.6 | 2231.9 | 2102.8 | 2066.8 | 2058.0 | 2015.3 | 2194.3 | 2354.4
Fe 1181.2 | 1133.1 | 1116.8 | 1035.7 | 1066.4 | 1004.2 989.6 1 005.0 996.5 1042.6
payra] 1418.9 | 1275.2 | 1207.0 | 1206.3 | 1334.9 | 1336.8 | 1350.5 | 1368.9 | 1444.9 | 1632.7
e v 1823.8 | 1687.2 | 1602.7 | 1458.9 | 1398.5 | 1264.4 | 1254.5 | 1138.7 | 1135.7 | 1080.0
Hor 1260.4 | 1202.8 | 1172.5 | 1139.4 | 1092.0 | 1071.3 | 1093.2 | 1048.5 996.6 1048.7
Hig 930.3 924.7 920.2 907.0 893.8 884.2 900.8 904.2 914.1 913.4
THE 882.6 884.9 866.4 846.1 818.8 783.0 767.2 725.0 636.9 629.4
B 1451.6 1387.8 1323.1 1251.5 1214.9 1149.5 1090.0 1005.1 961.7 890.7
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SVl A AR, DAL, AT DA S A R A A A
AR/ 5, LSS AR R AL,

M — A B AT 5 0 B ) R RSO L. R, 4%
77 T LS PRRCA I (ELR: 0. 25, X U %45 13 )44
TR AR P RERE S 25 %, th T4 (3 Y 2003 4F ~
2012 4RS[a], CO, HERC i B 2 29 789 7 t,GDP 1
(B2 8 124 42T, PRI AT LIH 3 SO iy k3%, 15
CO, HE iR Wl /b 7 447 J7 1, T GDP $ i1 2 031 42
JC, T R 750" IR TS .

F4 REKEG(EETN. BEX)CO,MAmESRHE
Table 4 Value of directional distance function of CO, produced by each province (municipality) of China
P 8 R 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

b 0.0901 | 0.0926 | 0.0904 | 0.0870 | 0.0841 | 0.0620 | 0.0655 | 0.0483 | 0.0116 0
For 0.0651 | 0.0668 | 0.0605 | 0.0561 | 0.0653 | 0.0164 | 0.0445 | 0.0682 | 0.1088 | 0.1329
e[ 0.4150 | 0.4275 | 0.4766 | 0.5053 | 0.5030 | 0.5148 | 0.6175 | 0.6699 | 0.7249 | 0.9332
117§ 0.5151 | 0.5162 | 0.5335 | 0.5791 | 0.5932 | 0.5306 | 0.6182 | 0.6249 | 0.6574 | 0.7817
T 0.4402 | 0.5013 | 0.5445 | 0.5736 | 0.5953 | 0.6097 | 0.6691 | 0.7212 | 0.8141 | 0.9123
bk 0.1387 | 0.1390 | 0.1602 | 0.1798 | 0.1677 | 0.2014 | 0.2444 | 0.2960 | 0.3208 | 0.3603

BT | 0.2725 | 0.2799 | 0.2972 | 0.3134 | 0.3427 | 0.3340 | 0.3880 | 0.4032 | 0.4125 | 0.4796
= 0.1223 | 0.0854 | 0.0859 | 0.0665 | 0.0578 | 0.0479 | 0.0514 | 0.0381 | 0.1026 | 0.1425
T 0.1324 | 0.1558 | 0.1787 | 0.1951 | 0.1925 | 0.0918 | 0.0689 | 0.0214 | 0.0189 0
Wi 0 0.0588 | 0.1443 | 0.2085 | 0.2462 | 0.2919 | 0.351 1 | 0.3417 | 0.3848 | 0.348 3
TR 0.1700 | 0.1512 | 0.1621 | 0.1889 | 0.2223 | 0.2681 | 0.3473 | 0.3849 | 0.4137 | 0.4962
gk 0 0.0226 | 0.0536 | 0.0670 | 0.0752 | 0.0812 | 0.1202 | 0.1405 | 0.2078 | 0.223 9
AR} 0.0594 | 0.0717 | 0.0834 | 0.1034 | 0.1220 | 0.1105 | 0.1654 | 0.2086 | 0.2350 | 0.296 |
W% 0.4412 | 0.5377 | 0.7977 | 0.7996 | 0.8378 | 0.7648 | 0.7809 | 0.8457 | 0.9906 | 1.062 7
afee] 0.3088 | 0.4402 | 0.4959 | 0.5562 | 0.5903 | 0.5716 | 0.6400 | 0.6872 | 0.8295 | 0.7934
Wit 0.2247 | 0.2441 | 0.2658 | 0.2915 | 0.2712 | 0.2320 | 0.2626 | 0.2966 | 0.3743 | 0.391 1
IR 0.0938 | 0.1065 | 0.1803 | 0.1908 | 0.1993 | 0.1591 | 0.1927 | 0.1905 | 0.2207 | 0.234 1
IS 0.0593 | 0.0885 | 0.1119 | 0.1147 | 0.100 7 0 0.0351 | 0.0665 | 0.1850 | 0.167 4
i} 0.0293 | 0.0410 | 0.0458 | 0.0457 | 0.0444 | 0.0492 | 0.0941 | 0.1310 | 0.1761 | 0.248 9
Fiaatel 0.0056 | 0.0026 0 0.006 1 | 0.0220 | 0.0180 | 0.0280 | 0.0290 | 0.038 1 | 0.054 7
/N 0.0607 | 0.0718 | 0.0978 | 0.1225 | 0.1641 | 0.1313 | 0.1720 | 0.2046 | 0.2359 | 0.260 |
pui| 0.2556 | 0.2759 | 0.2676 | 0.2927 | 0.3339 | 0.3372 | 0.4210 | 0.4151 | 0.3897 | 0.4132
=0 0.1621 | 0.1870 | 0.2031 | 0.2314 | 0.2239 | 0.2024 | 0.2390 | 0.2499 | 0.280 1 | 0.3314
= 0.1218 | 0.1388 | 0.1713 | 0.1998 | 0.2286 | 0.2345 | 0.2902 | 0.3228 | 0.3317 | 0.3757
Bt 0.1602 | 0.1897 | 0.2097 | 0.2453 | 0.2748 | 0.2618 | 0.3207 | 0.3753 | 0.4190 | 0.5144
Hil 0.1074 | 0.1154 | 0.1254 | 0.1286 | 0.1405 | 0.1429 | 0.1631 | 0.1836 | 0.2152 | 0.2604
U 0.0059 | 0.0069 | 0.0089 | 0.0147 | 0.0204 | 0.0181 | 0.0300 | 0.0298 | 0.0423 | 0.061 4
FE 0.0529 | 0.0501 | 0.0593 | 0.0657 | 0.0705 | 0.070 1 | 0.0863 | 0.1027 | 0.1313 | 0.1643
i 0.1594 | 0.1759 | 0.1930 | 0.2118 | 0.22903 | 0.2444 | 0.3128 | 0.3213 | 0.3809 | 0.458 8
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Fig. 1 Marginal reduction costs of each province
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Fig. 2 Average of marginal reduction costs in each region
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Table 5 Comparison of marginal abatement costs in related literature
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Fig. 3 Apriori analysis of factors influencing marginal emission reduction

2.4 CO,FRBHER AR E R B R V3547
TE B3R e 55 o3 A i BE Atk |, X CO, 2 B s HE
JEA BRI PR 2R JEAT (019 20 Hr. AR SR HTZ
AP N BT 5T R0, RIS — 58 fife e 7 i DA
N R TSR B e CO, HER ki
(CI) T NARETY 538 b 72— 44 fin 2% LA
B R R T B A G R X B R R
Hb, R T P LIX 22 5 n] BEA R AU, 5T T RE
AR KB (East) ™ A1 AR ( Central ) ” A 45
il AL HE PR RN E5 RS T3k 6. BTk 6 ik IR
LR LUK B, CO, HERTH BE (CT) FIREIRIH 2% 25
H(ECS) 5 CO, A BrimicAE A B 25 i TR o ¢
A X HUERE « CO, HERT M 5 Hos PrydiHl A
Z V6] A AE A WA, , BRIV HE T B K, s

HERLAS B8 /)N 5[] B o FH 8 e i T L o 0 O 1)
X, H PR HE AR /. X5 2.2 5 TR IR
5 SUHE A O R B S5 R — 2.

52 MR, CO, HERUH B — ki (CF ) il
WEESREE (RD) W5 CO, i1 bR HE A 2 [8] 47 7F
WEEIEM DG R, X B TR — 2% B HE
W2 J5 , 25 CO, 11 Brjs HE A (4 51
TR JEATAE 2 BEAY , B 3 — MBS, P[]
B R R B 5 IR AH B A8 1k 2. sl HE A%
A SGHEOR R U BISE RIEEE, S8 ibt
FELE A —F; A, 2 6 BRI A vk -5 U HE R
ARG FIEAHIC I &R, X PGAE 1 2. 2 5 By AH G
1,115 Bauman'™" DL K Heal 25" fYRIFFE 451540
—.

@ AT ICES ], BA IE AR DR 3R A B A T A MR A B T A R



W WSS« T PRICHE AR 5 X2 S A 7

R 6 HBREHER AR E RN EE S

Table 6 Cross-sectional analysis of factors affecting marginal reduction costs

iR AE ey | | ALV BV HEA VI R VI D VI
‘ 0.280"** | 0.390*** | 0.326*** | 0.315*** | 0.201*** 0.274 ** 0.264 ** 0.266 **
Y T
(0.033) (0.066) (0.061) (0.071) (0.068) (0.105) (0.113) (0.118)
. —0.093*** | —0.252%** | —0.194*** | —0.191*** | —0.227*** | —0.226*** | —0.215*** | —0.218**
(0.017) (0.080) (0.066) (0.068) (0.064) (0.069) (0.072) (0.082)
o 0.052** 0.036* 0.035 0.054 ** 0.055** 0.051** 0.052*
(0.024) (0.020) (0.021) (0.022) (0.024) (0.024) (0.027)
D 1.188* 1.225* 1.192* 1.856* 1.747* 1.773 *
(0.615) (0.608) (0.603) (0.738) (0.678) (0.775)
4es 0.014 -0.098* -0.132" ~0.165" -0.168*
(0.060) (0.056) (0.066) (0.082) (0.094)
0.027 *** 0.022** 0.023** 0.023**
HRQTI
(0.006) (0.008) (0.008) (0.009)
-0.102 -0.102 -0.106
UL
(0.093) (0.088) (0.106)
0.037 0.037
PC
(0.038) (0.040)
0.013
IS
(0.122)
. -0.022 -0.031 -0.036" -0.035* | -0.052*** | -0.040* -0.050 * ~0.050 *
ast
(0.019) (0.020) (0.018) (0.020) (0.018) (0.022) (0.027) (0.026)
Conral 0.008 0.009 0.009 0.008 0.002 0.012 0.015 0.015
entra.
(0.017) (0.019) (0.018) (0.019) (0.018) (0.021) (0.021) (0.022)
AdjustedR> 0.474 0.540 0.566 0.547 0.614 0.620 0.614 0.592
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Table 7 General panel analysis of CO, marginal emission reduction cost influencing factors ( Based on the national sample)

Panel A

s | BT T 1T R RV iRV R VI TR VI R VI LT 1X
B 0.272 " 0.378 """ 0.334 """ 0.339 """ 0.214 " 0.211*"* 0.268 *** 0.266 """ 0.265 """
(0.012) (0.026) (0.023) (0.028) (0.032) (0.030) (0.037) (0.037) (0.037)

I -0.088 " | —0.243 """ | —-0.204 """ | =0.205*"" | =0.229 """ | —=0.225""" | —=0.221 """ | -0.222*"* | -0.218 """
(0.007) (0.031) (0.025) (0.026) (0.026) (0.026) (0.026) (0.026) (0.027)

P 0.051 *** 0. 040 *** 0.041 *** 0.055*** 0.054 *** 0.053 *** 0.054 *** 0.054 ***
(0.009) (0.007) (0.008) (0.008) (0.008) (0.008) (0.008) (0.009)

RD 0. 806 *** 0.792*** 0.743 *** 1.002 *** 1.517 *** 1.636*"* 1.583 ***
(0.250) (0.253) (0.241) (0.223) (0.268) (0.269) (0.279)

ECS -0. 006 -0.101 """ | =0.099 """ | -0.120""" | =0.103 """ | -=0.096 **~
(0.024) (0.023) (0.022) (0.023) (0.023) (0.026)

HROT! 0.026 *** 0.026 "~ 0.022 """ 0.021 *** 0.022 ***
(0.003) (0.003) (0.003) (0.003) (0.003)

CEP -0.022*"* | -0.025*"" -0.014" -0.013 "
(0.007) (0.006) (0.007) (0.007)

UL -0.080 """ | -0.079**" | -0.073""
(0.029) (0.030) (0.033)

PC -0.021 " -0.021""
(0.010) (0.010)

-0.031

5 (0.036)

Fast -0.019*"* | =0.027 *** | =0.031*** | =0.031*"* | =0.046*"* | =0.049*** | -0.038*** | -0.033*"* | -0.032*""
(0.007) (0.007) (0.007) (0.008) (0.007) (0.007) (0.009) (0.009) (0.009)
Coniral 0.009 0.010 0.010 0.011 0.004 0.003 0.011 0.009 0.009
(0.006) (0.007) (0.007) (0.007) (0.007) (0.006) (0.007) (0.007) (0.007)
Adjusted R? 0.381 0.447 0.461 0.459 0.511 0.530 0.541 0.546 0.545

Panel B

BT 0.272 " 0.378 """ 0.334 """ 0.339 """ 0.280 """ 0.272 """ 0.329 "~ 0.319 "~ 0.320 """
(0.012) (0.026) (0.023) (0.028) (0.032) (0.030) (0.035) (0.035) (0.035)

I -0.088 """ | —0.243 """ | -0.204 """ | =0.205""" | =0.220""" | -0.217 """ | =0.213*"" | -0.216 """ | -0.214 """
(0.007) (0.031) (0.025) (0.026) (0.027) (0.027) (0.026) (0.027) (0.028)

cP 0.051 *** 0.040 *** 0.041 *** 0.049 *** 0.048 *** 0.049 *** 0. 050 *** 0. 050 ***
(0.009) (0.007) (0.008) (0.008) (0.008) (0.008) (0.008) (0.009)

RD 0. 806 *** 0.792 *** 0.635"" 0.903 *** 1.526*** 1.655*"* 1.628 ***
(0.250) (0.253) (0.259) (0.242) (0.275) (0.277) (0.283)

ECS -0. 006 -0.045* -0.045** | -=0.079*** | -0.059 ** -0.055*"
(0.024) (0.024) (0.023) (0.024) (0.024) (0.027)

HRQT 0.163 """ 0.181 "~ 0. 140 **~ 0.146 "~ 0. 149 ***
(0.039) (0.037) (0.036) (0.036) (0.035)

CEP -0.024 """ | -0.027 *** -0.013 " -0.012"
(0.006) (0.006) (0.007) (0.007)

UL -0.093 """ | —0.089 """ | —0.087 """
(0.026) (0.027) (0.028)

PC -0.027 """ | -0.027 **~
(0.009) (0.009)

IS -0.016
(0.037)

Fast -0.019*"* | =0.027*** | -0.031*** | =0.031*"* | =0.034*"* | -0.038*"* | -0.027*** | -0.021"*" -0.021*"
(0.007) (0.007) (0.007) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)

Coniral 0. 009 0.010 0.010 0.011 0.012* 0.012* 0.019 *** 0.016 ** 0.016**
(0.006) (0.007) (0.007) (0.007) (0.007) (0.006) (0.007) (0.007) (0.007)
Adjusted R? 0.381 0.447 0.461 0.459 0.486 0.508 0.525 0.533 0.532
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Table 8 “Rolling panel” analysis of CO,marginal reduction costs

meesh | goml | ommn | ommwm | ogeny | osmv | v | gomve | gom v
Panel A (2 [EFEA)
BT 0.271 " 0.377 *** 0.324 """ 0.330 """ 0.222"** 0.284 "~ 0.291 *** 0.287 ***
(0.014) (0.028) (0.024) (0.028) (0.031) (0.046) (0.044) (0.047)
I -0.088""" | =0.240""" | =0.192"** | =0.194 """ | -0.222""" | -=0.223 """ | -0.227 """ | -0.220 """
(0.007) (0.034) (0.026) (0.027) (0.027) (0.028) (0.028) (0.030)
CP 0. 049 *** 0.037 *** 0.038 *** 0.053 *** 0.054 " 0. 056 *** 0.054 =~
(0.010) (0.008) (0.008) (0.009) (0.009) (0.009) (0.010)
RD 0.974 " 0.953 *** 0.945 *** 1.424 =" 1.635 " 1.557 "
(0.268) (0.265) (0.259) (0.332) (0.322) (0.338)
ECS —-0.008 -0.098 *** | =0.123*** | -0.105"** | -0.095 """
(0.023) (0.022) (0.023) (0.023) (0.028)
HRQT! 0.023 "~ 0.019 **~ 0.018 *** 0.019 **~
(0.003) (0.004) (0.004) (0.004)
UL -0.080"" -0.087*" -0.076
(0.039) (0.039) (0.046)
PC -0.024 " -0.023*"
(0.011) (0.010)
IS -0.038
(0.043)
Fast -0.025""" | -0.033**" | -0.037 """ | -0.038""" | -0.052**" | -0.042"*" | -0.036""" | —0.035"""
(0.008) (0.008) (0.007) (0.008) (0.008) (0.009) (0. 009) (0.009)
Contral 0. 005 0. 006 0. 006 0. 007 0. 001 0. 008 0. 007 0. 007
(0.007) (0.007) (0.007) (0.007) (0.007) (0.008) (0.008) (0.008)
Adjusted R? 0. 465 0.537 0.562 0.559 0.614 0. 624 0. 631 0. 630
Panel B4 KR HEHIXHLHEA)
iR i AR SR B K= B IX Ik = AT IX
BT 0.531 """ 0.398 *** 1.350 """ 1.443 " 1.378 """ 0.550 " —0.344 """ 0.153
(0.064) (0.054) (0.153) (0.185) (0.414) (0.262) (0.123) (0.143)
I -0.481""" | -0.646""" | —0.366 """ | -0.341 """ -1.772 -1.734"" 0.200 ** -0.671"""
(0. 060) (0.051) (0.051) (0.056) (1.153) (0.840) (0.086) (0.211)
CP 0. 152 """ 0.226 *** 0.052 """ 0.049 *** 0.768 0.712* -0.107 0.290 ***
(0.024) (0.022) (0.011) (0.013) (0.489) (0.359) (0.087) (0.098)
RD 3.549 "~ 1.720 *** -3.846"" -3.097 5.161 " 1. 880 2.964 " -0.063
(0.561) (0.522) (1.602) (1.976) (2.396) (2.700) (1.412) (1.676)
ECS -0.227*"" | -0.204""" | -0.395""" | -0.418"*" | -0.611 """ -0. 191 -0.208 *** 0.016
(0.056) (0.053) (0.070) (0.092) (0.078) (0.192) (0.050) (0.065)
HRQTI 0. 008 0.015" 0. 002 0.070 ***
(0.007) (0.008) (0.067) (0.007)
HRQT? 0.495 *** 0.093 1.623 " 0.522 """
(0.119) (0.112) (0.609) (0.122)
UL -0.337*"" | -0.175"" -0.215" -0.345""" | —0.497 "~ -0.004 -0.208 *** 0. 135
(0.062) (0.053) (0.118) (0.091) (0.137) (0.221) (0.071) (0.085)
PC -0.082*"* | -0.078*** | —0.075"*" | -0.082 """ -0.129" -0.202*"* | =0.099 *** | -0.071""
(0.016) (0.015) (0.012) (0.014) (0.068) (0.049) (0.026) (0.033)
Is 0.259 *** 0. 140" -0.537*** | —-0.551 """ 0. 676 -0.430 0.099 *** 0.110*"
(0.085) (0.071) (0.092) (0.148) (0.432) (0.325) (0.034) (0.049)
Fast -0.200*"* | —0.188 """ -0.082 0.014 0.068 *** 0. 002
(0.040) (0.048) (0.130) (0.050) (0.010) (0.011)
Central —0. 001 0. 006
(0.010) (0.014)
Adjusted R 0. 857 0. 877 0.992 0.992 0.720 0. 806 0.987 0.954
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Fig. 4 Scatter diagram of CO, marginal reduction costs and its influencing factors
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Table 9 Robust analysis of the main factors influencing marginal emission reduction costs

5T RS

BB | BT BB | BT
4 ZH0 ZH0 280 E39)
Ccl -0.402 -0.254 0.162 0. 064 -0.367 -0.270 0.135 0.073
cP 0.298 0. 180 0. 089 0.032 0.284 -0.202 0. 081 0. 041
RD 0. 386 0.242 0. 149 0. 059 0.291 0.208 0. 085 0.043
HRQT1 0.249 0. 149 0. 062 0.022 0.224 0.157 0. 050 0. 025
UL -0.261 -0.156 0. 068 0.024 -0.192 -0.134 0.037 0.018
PC -0.114 -0. 066 0.013 0. 004 -0.279 -0.199 0.078 0. 040
1S -0.067 -0.039 0. 005 0. 002 -0.083 -0.057 0. 007 0. 003




i

i

B

¥ R 2019 42 H

3 ZRIE

AT E 8 Fifb A Re A s, 456 =K
YT ) P B R bR RO AR RS B . 45 A 1
(EEET IR IX) CO, 177 Tl B sR B, /AT 45
BB, BAFEARYCRGBEANR 6 4, X EHE
2 [ 25 A8 I R AR B AT i AT TR, 7 1)
PEFE B R BAG T 45 SR B, 54 0 107 B T3
RAFEREEE A 25 % , PR UL , 8 3 OR A Bl T A
W ARARG B W S A T AR
PR 0 ICHETE J1ak 8T 7 447 J7 1, 1 3
FH#EF1IRE T 2 031 {270, HFFE8 K B, 4 -3
HBRIEHERAS A 1 471 JT/t, R ISR 7, B
i CO, AHERL, FLZ 357 Hh AR A /2 1 471 T
Ivi] s} 522 o D A 3 A S B A AR > v > 1
T 1R Ry T, 33X A A 4 [ L N AS [RD 48 40 22 (]
SERRHERCE 2 T R4t T EE N S R PG 51t
AR SO e B, 5A R T R EA M E, 1E
AR U VA8 Aoy ——1EF B A 1) U HE AR A R A
K, 3% 2 B GE AR AR i e 19 SR 77, S Alk
Hef iy 2RV, BT AN R GDP A XTI,
PR /D — B, CO, HECIT R B I 68 5 61 2Rt A
NEEE /N, B A1, e HE R BB AL ( Murty
gl gt Ay M AR T ULV A < e HE
By, HDBRISHE A EN B AR X — 4 P B4

FELL E XAy ( BT L AR X)) A FR
WHERUAS 5 H AR B SEAT 434 1 el -, AR SO
AFEET A 548 0y i1 B HE AR 1) 5% i R R
Krge gk R, CO, HEMOHe B RB IR 2540 . N 1 9%
VK- IR R HERCBOR 38i fk K AN
REPA SR A N 2. w0, Hemok E
A T 2R 8000 35 R 171, 3 A 2 el LA RS A
I, BIHERCAE R, 3 BRosiHE AR B /N R ok
HERLAS 5 RE TR 28 451 I AL AT FRA A 4
P 1 25 0 TUAH G OC R, Xt R A DA o
Sk B D AR R A M X AT LA S A 3
AR IR > CO, HE L, I RE B HE /A8 AN AH X
/0N 5 T AT AR R v 1 by 3 A T i Y
TRHER AR B 58 £ 1 SRk 5t , T LA 3 £ £k e R
[l 2540 | T 40 4 Al 152 i 174) A 2080 17 46 SR Ul

b CO, BIHERR , N ITT AR BRI HE LA ; 2 TR NIK
ZEYAAG t A 1 Hb 1K, b FT LS s 4R T 2 A U
WA s AT 1 2RI TS e, A
T 75 1M 2K X LA R R HE 2 ) 45 A0 0k
HERAS. 5 R B 3 %% B, A 1R K L R B
SR 5 CO, T BRI IR A 22 [ F77E 535 10 1 AR 6
F R NGB , CO, B g HE i A
K2 p T A IR AL i B IX , 223 %
TR e T 28 0 T B8 10, DR HE— B
(A 7 TR A B 2 B AR 5 LA
BRHERICEA  FURR AL 0 o o e e T T R SR
WEHE A B IE A GG R oAb, 75 HAl R R 5 1Y
0L, HE AR T LA At 7= 4 BR 5 2 F
AR Y REIRATRE , B iR, I A A i i AR
ST /D HIERI B4 T BE R 23 T /0. DRI, TF 42 R
FAE Y, AR AS 5 53X 5 Bauman ™' L K
Heal 2 OB S5i0 A0 — B0 BT, K30 25 S iE
KIR,2009 AR JHEBORTE S2HE 5 A 7 — E R
T B DA T A AR AR 0 B HE A

TR ERIBISE , AR AT = A8 7R

A5 — 48 B 18] U8 HE A L HE A L R
RAFTER R 22 5, 3 o T T 4y e ok ki 22 5
AR T % LB 28 55 4% 1, T LL3E i 1 3 1k
WL S O AL 75 S HE R, I WA AR T i DR~ 15 R sl
HE T8 32 0 28 3 wh iy ELART 35, oh T 74 340 M
DX B HE AR T 45 rh 3 X, L2 3% % R A
X B R /N TR I, i B L A 4
W, PR 1 S 38 A B T [ B ik 52 5 1
(9 LB 5, TR 2R B b X D) T R A 32 5 T A
(IS 5. AN, A Sk HE T 58 5 19 52 e BIL 1 7T
B2 M P A J5) , BB 2 777 Ml 55 F B I A, 23 38
AR AT R K 0 HE 00 5 =7 b 1) HR VR R A
B, 0 R R =k

55 WURF A B A G BT T A S A
AT, BV 1 e A B I 7 30 A ok b
1622 5 WU BB HE R AR . (75 % R i ik e , BORY
AT LS T 2% 48 053 04 30 B v S AR 201, 38 244 s
XIS 28 5 2 T AE Wi FRL AR 85 0 48 008 1 ik e
SR AEL 0 R, BRF 0 A% L AF ARG, I (i 15
FIT AR AR T 1 B s HE 4 3 B i AR 7 % TR
B LAY R Sz i IBLHE A BB IO A8 1) , BORT AT L3R



52 1]

W WSS« T PRICHE AR 5 X2 S A 7

AT TTRUCHE SR, 76 = J5 388 0 224 1l 7y I i
EERS ST LI Az, HLABE A 568 S A T A
B UHE A B AR, AT S0 4 k2 el HE 4 i )
“f B FGE

55— X COLIHERI B AR AR T I, A
Bl COLIRARSA T MY IR, T HsHE 5%

AT W AT IR Ak, O ELTE AT PRI s AR
xS FH LA TSR AT A b CO, HERL, Rl 34 n]
DA T TR A A 2 (03 0 E L, 181 8 UK O 32
FRIRE I DR 4548 5 LA, 3 vl LUE S HE BT B RE U
PP @ AT 17 ORI A 15 e L, L
R AR I R FUAS

2 % X #f:

[TIsREDG, MEEE, & K, 5. SUHESEARIHFBOR I G R 22 5 SRR )], EHR 4, 2018, 21(5): 111
-126.

Zhang Guoxing, Ye Yagiong, Guan Xin, et al. Difference and collaboration in Jing-Jin-Ji’ s energy saving and emission re-
duction policy measurers[ J]. Journal of Management Sciences in China, 2018, 21(5); 111 - 126. (in Chinese)
[2]Kesicki F, Ekins P. Marginal abatement cost curves: A call for caution[ J]. Climate Policy, 2012, 12(2): 219 -236.
(3R, =K, G, . BosHEBoR . B RS R M E ez 7 [T]. EER2AR, 2013, 16(9) : 9 -19.
Shi Minjun, Yuan Yongna, Zhou Shenglii, et al. Carbon tax, cap-and-trade or mixed policy; Which is better for carbon mit-
igation? [J]. Journal of Management Sciences in China, 2013, 16(9): 9 - 19. (in Chinese)
[4]Edenhofer O, Kai Land, Kemfert C. Induced technological change: Exploring its implications for the economics of atmos-
pheric stabilization: Synthesis report from the innovation modeling comparison project[ J |. Energy Journal, 2006, 27; 57 —
107.
[5]Weyant P, John F C, Chesnaye D L, et al. Overview of EMF-21; Multigas mitigation and climate policy[ J]. Energy Jour-
nal, 2006, 27. 1 -32.
[6 ]Fdre R, Grosskopf S, Lovell C A, et al. Derivation of shadow prices for undesirable outputs; A distance function approach
[J]. The Review of Economics and Statistics, 1993, 75 374 —380.
[7]Lee M. The shadow price of substitutable sulfur in the US electric power plant; A distance function approach[J]. Journal of
Environmental Management, 2005, 77(2); 104 —110.
[8]Rezek J P, Campbell R C. Cost estimates for multiple pollutants; A maximum entropy approach[ J]. Energy Economics,
2007, 29 503 -519.
[9]Hailu A, Veeman T S. Environmentally sensitive productivity analysis of the Canadian pulp and paper industry, 1959 —
1994 ; An input distance function approach[J]. Journal of Environmental Economics and Management, 2000, 40(3) ;: 251
-274.
[10]Fire R, Grosskopf S, Noh D W, et al. Characteristics of a polluting technology : Theory and practice[ J|. Journal of Econ-
ometrics, 2005, 126 469 —492.

[ 11 ]Murty M N, Kumar S, Dhavala K K. Measuring environmental efficiency of industry; A case study of thermal power genera-
tion in India[ J]. Environmental and Resource Economics, 2007, 38 31 —50.

[ 12 ]Matsushita K, Yamane F. Pollution from the electric power sector in Japan and efficient pollution reduction[ J]. Energy E-
conomics, 2012, 34(4) . 1124 - 1130.

[13]Wei C, Loschel A, Liu B. An empirical analysis of the CO, shadow price in Chinese thermal power enterprises[ J]. Energy
Economics, 2013, 40(18): 22 -31.

[14]Du L, Hanley A, Zhang N. Environmental technical efficiency, technology gap and shadow price of coal-fuelled power
plants in China: A parametric meta-frontier analysis[ J]. Resource & Energy Economics, 2016, 43, 14 -32.

[15]Wang K, Wei Y M. China’ s regional industrial energy efficiency and carbon emissions abatement costs[ J]. Applied Ener-
gy, 2014, 130. 617 -631.



— 20 — wom OB % % 2019 42 J]

(16188 A dEIRHT CO, HBRHEA B HZm R R 1], HEAZ5F, 2014, (7): 115 -141.

Wei Chu. The marginal abatement costs of CO, and its determinants in China[J]. The Journal of World Economy, 2014,
(7): 115 -141. (in Chinese)

[17]Wu J, Ma C. The convergence of China’s marginal abatement cost of CO,: An emission-weighted continuous state space
approach[ J]. Environmental and Resource Economics, 2018; 1 - 21.

[18]Wang Q, Cui Q, Zhou D, et al. Marginal abatement costs of carbon dioxide in China; A nonparametric analysis[ J]. Ener-
gy Procedia, 2011, 5. 2316 —2320.

[19]Wei C, Ni J, Du L. Regional allocation of carbon dioxide abatement in China[ J]. China Economic Review, 2012, 23
(3): 552 -565.

[20]Zhang X, Xu Q, Zhang F, et al. Exploring shadow prices of carbon emissions at provincial levels in China[ J]. Ecological
Indicators, 2014, 46. 407 -414.

[21]Du L, Hanley A, Wei C. Estimating the marginal abatement cost curve of CO, emissions in China; Provincial panel data a-
nalysis[ J]. Energy Economics, 2015, 48 217 —229.

[22]Du L, Wei C, Cai S. Economic development and carbon dioxide emissions in China: Provincial panel data analysis[ J].
China Economic Review, 2012, 23(2) . 371 —384.

[23]Wang Q, Chiu Y H, Chiu C R. Driving factors behind carbon dioxide emissions in China: A modified production-theoreti-
cal decomposition analysis[ J]. Energy Economics, 2015, 51 252 -260.

[24]Zhang N, Choi Y. A note on the evolution of directional distance function and its development in energy and environmental
studies 1997 - 2013[J]. Renewable & Sustainable Energy Reviews, 2014, 33(2): 50 - 59.

[25 ]Perroni C, Rutherford T F. Regular flexibility of nested CES functions[ J]. European Economic Review, 1995, 39 335 —
343,

[26] Vardanyan M, Noh D W. Approximating pollution abatement costs via alternative specifications of a multi-output production
technology: A case of the US electric utility industry [ J]. Journal of Environmental Management, 2006, 80 (2) . 177
-190.

[27 ] Fare R, Martins-Filho C, Vardanyan M. On functional form representation of multi-output production technologies[ J ].
Journal of Productivity Analysis, 2010, 33(2) . 81 -96.

(28 BRide—. Tolk —SE AR Ttk . SEAEIESEO k)], R 25, 2010, (8): 93 -111.

Chen Shiyi. The shadow price of industrial carbon dioxide: Parametric and nonparametric methods[ J]. The Journal of
World Economy, 2010, (8): 93 —111. (in Chinese)

[29]Ma C, Hailu A. The marginal abatement cost of carbon emissions in China[ J]. The Energy Journal, 2016, 37(1) ; 111 -
127. ( China Special Issue)

[30]Yang D, Feng L. Examining the effects of urbanization and industrialization on carbon dioxide emission; Evidence from
China’ s provincial regions[ J]. Energy, 2017, 125. 533 —542.

[31]Bauman Y. The Effects of Environmental Policy on Technological Change in Pollution Control[ D]. Seattle: University of
Washington, 2003.

[32]Heal G, Tarui N. Technology diffusion, abatement cost, and transboundary pollution[ J]. Ssrn Electronic Journal, 2008,

96(11): 1 -24.
(3318 B, =YL, dhanme. SRS | PP K5 AR . BeMaBms[ 1], AL, 2012, (7): 83
-100.

Shen Meng, Li Kaijie, Qu Ruxiao. Technological progress, economic growth and carbon dioxide emissions: Theoretical and
empirical research[ J]. The Journal of World Economy, 2012, (7): 83 —100. (in Chinese)
(34100, | & T Ra” i 55 m R R i E A BRIFFE[ )], HARZ5, 2017, (5) . 148 -172.

Yang Zihui, Tian Lei. A panel co-integration analysis of the pollution haven hypothesis and its determinants in China[ J].



244 W WSS« T PRICHE AR 5 X2 S A 7 — 21 —

The Journal of World Economy, 2017, (5): 148 —172. (in Chinese)

Marginal cost of emission reduction and regional differences

YANG Zi-hui' , CHEN Li-xuan', LUO Tong’
1. Lingnan College, Sun Yat-sen University, Guangzhou 510275, China;
2. China Resources Bank of Zhuhai Co. Ltd( Guangzhou Branch) , Guangzhou 510627, China

)

Abstract; All the countries in the world are confronted with the challenge of CO, abatement. As a nation with
a large discharge of CO,, China has made a commitment to reduce the emissions by 40% ~45% per unit of
GDP in 2020, compared with those in 2005. In this background, this paper conducts the research from two
major aspects. Firstly, using data of eight categories of fossil fuels, the paper calculates the marginal abate-
ment costs of CO, among provinces by adopting the quadratic directional distance function model, and then an-
alyzes the differences in abatement costs and technical efficiency at the provincial, municipal and regional lev-
el. As the results show, the abatement costs of Shanxi, which has the lowest cost, are 1/5 of Beijing’ s who
has the highest cost. What’ s more, the marginal abatement costs of CO, varies in provinces. The marginal
abatement costs differs regionally: it declines progressively from the East to the Middle and then to the West.
This provides an objective economic basis for establishing a carbon trading market among various provinces do-
mestically. Secondly, this paper makes a profound analysis on the reasons of the significant differences in the
abatement costs among provinces. The results show that the main factors affecting the marginal abatement costs
of CO, include emission concentration, research and development degree, human resource level, energy struc-
ture, carbon emission policy, and urbanization level. Based on the conclusions above, several suggestions for
developing low-carbon economy currently are put forward, as gives this paper important academic value and
practical significance.

Key words: quadratic directional distance function; marginal abatement costs of CO,; determinants analysis



