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Abstract

In most previous studies of the relationship between CO, emissions, population, affluence and
technology, the ecological elasticities of population and affluence were assumed to be both time
invariant and space invariant. Based on the STIRPAT model, by using robust quantile regression,
we studied the change of the relationship between CO, emissions, population, affluence and tech-
nology at different CO, emissions levels during the period 1992-2009. Our main results are as fol-
lows: 1) the relationship between CO, emissions, population, affluence and technology changes
slightly in countries where the ecological elasticity of affluence is greater than that of the popula-
tion. 2) In those countries with relatively high levels of CO, emissions, higher emissions mean that
increases in population and affluence have smaller effects on the impacts of emissions, but tech-
nology has a greater effect on those impacts. 3) In those countries with high CO; emissions, the
ecological elasticity of affluence increases from less than 0.65 to 1.1, but in countries with mod-
erate or low CO; emissions, the ecological elasticity of affluence is stable at approximately 1.2. 4)
The shifting scope of the technology intercepts of nine different quantile regression analyses de-
creases from 8.5 in 1992 to 2.8 in 2009.
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MARZERAD. ME. BFHEABRHERFIRRPTR, BN OGS RESHEERERN RAZE
MZEEAZER . ACETSTIRPATHER, FIAREKSOEFBS T, BIATHETHREERSAD. W
BRI RAE1992~2009FE B A AR EM . TELRMT. 1) N TMERESHEEREEAD
FAESHERBEKRPOER, AO. BE. REMBEHETLSTIRPATR REWR /. 2) WFiREREM
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1. STIRPAT &5

IR = SMA(GHGS) TE R ZIE R R ARG, iR = SR ARG Ik 5 SOk <R AL RE [ 1]
N ZETE B = SN B R R AR BRSSO . TR O R, R A ) 3
BRI R R AR AN DR KUFiEsh. BHE. BUARAFNIA . NA RS IR R #UE 2] X LLIKE)
BR 25 DAA] 5 350 i 2 SR HE O S BN BRI AR b — N R E R IPAT J5F2[3]1E R X AN AR
701 B R
IPAT 77 FE &5 U EAE F k4l 70 4648, Ehrlich-Holdren A1 Commoner i+ it A JSER 45 5 0 f) = B K 5
K2, 1Z BB ()2 N E(P), A GDPA)FIEH(T)HIFRFN . IPAT HREXFhIRFILEH)
72 TR AR I RS R & 2 (2 WL [4]-[6]) . 1994 4, Dietz £ Rosa [7]# IPAT J7 FE U FEHLIE
Bl STIRPAT &%,
| =aP"A°T% (1)

Hr, BHEBMAEFER I FESHIE A, STUERAN DM E 2 M ra e NNEE.
STIRPAT #AL(1) BARIRER T IPAT J7REIIRARGEH), (HAHLL IPAT J7 R SEAE TR ga s Hs 4l 7t . N
TSR, — Mok AR (L)AL R B B SR e R
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AR, FIAERMGHEAR I EE T 2R 4G ARSI = R b, ¢ FONAESINE(S WLL(8)),
EAVEIL T AIRS R R A, B SRS R R AR, SEIRE R AR AN A A, BB | AR
B ALY 2] E k$e i, O 2 H TSR, BRI, CO, HEM LA LI eG54
VIHEB RN R 2 AT, R (R S A R A, I TR 0 HoHE B AR 2 (2 W21 [8]-[12])
XA TG M, IR E) KR AR, AP REGER B ER SR PG K JE IR 50 (R 3%
AR, FRATAS R A 5 R T B At KB R A S 208 1o EEanAR SO 45 5 SR ik HEEOH
X, BRI AR T B2, IR 0 2 SR I AR A 3 R4

HEBOT R Q)M RE(L), 2 RITTREQR)ER 7 RHLII(T). York S57E 3 [8145 I RHL AL & 1 BRIT A A
s AN E BT A RENR R, BRI SRR 2T . York SEEEARATIN — R 5150 (2 03 [6] [8]
[10] [13])H ¥ B 7R 22 DA E R T 4L, S8 a — HIA A FEMMRRE .t THRZ DLE NIME,
XFEZE B AR R S REOWEIEAE, AN RHEERT exp(e) IMATE N 1. ASCK STIRPAT £ (2)
A a BFEEUE SIERMHE R T, TR 28 a FROGEHSBEE . BHEEEE /DN, SRE B P58 52 00 1) 51
R o

FEA K STIRPAT B2 KE TR, A 1— ks H A T BRI AR D9 3K 50 R 2= ) R
S3HTe AR 2 N AR E N VAV & B AR A5 5P 2R 30 I TR RN 23 (R AN AR 1 (2 L5 [14] [15]). fEIL R4,
FHARZ S35 R H A ENEE A (S WC[9] [16] [171). SR, THAR [B] YA 2R — 5, 5 AN A 3] 5 082 s ][]
ERUNLSE, IZAF RN AR B A B AR B AR IR BOCT PR &R B, STIRPAT #E44(Q2) 1 —F
TR~

Inl;; =a+bInP +cInA +M, +N, +g,

RS AAREZR, Ths tARRED, 1M, AN, 505275 B SR [a] SR AR B 35 AT AR (B A B AR A
T80 A e, FE N DURIN & A AR A 3k 2R 207 2 [A) RN [) L2 AR o T RSOV RS B AN 1 22 57 R 2 AR L
BLAERHAE N B SRS A 578 23 [A] B 18] _E (22 5 o 3X Al STIRPAT TR AL I AN BE S e A 1 AN 5 x
BT FR) 5 1 2 () RN ) | AR A 175 L o

N T HEAEAFR EZ P IRABCE AL WS SR RER M E R, ALz B AR 5 M hrdE L
GNP X 225, RS [ 5 i T2, 0l SR (Bl #5248l STIRPAT AR AL .
IR, AFRSERBRESHEERAR, 2 W3C[8] [9] [14] [16] [17] ARSCRE 25U 5% [ 5 A0 b X f4 bk
HE S BEREATHEY, A LR, B AN R B HE R ) [ SR X BB STIRPAT K8, itk sy
Hr N 0 FIRHBOM B HE TR Wi AR AL 5 DL

2. Sr{u¥mEy3

1534 A\ 1886 A /KU IR AE R LK, T 2 BH T4, B, il S &SR
el oA, FHorb DURR T e/ 3 i 28 B2 14 5] A (LSR) TE U 73 B vh B e o (R b Sk (R B A AL A
HE SRR ) BENLIRZE T Z LA RBGT ZI BB (R FIME . 5072 IESAiSE); b) XR&{E
B, U REAR B RVNRZ TR R ) RORE AN EE N RRECR R, AREED
TR IR R R

N YRR B[R] A BRRG, 1978 4F, Koenker Al Bassett 78 3C[18]7 42 7 4047 ¥ 1]V (Quantile
Regression, QR).
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min3" p, (v, —¢) M. SETHRRES o, JA BREPER L p, (u) =u(e—1 (U<0)), | () WKL
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Table 1. 127 Countries and their sample numbers
= L 121 MERMR)REFS

Country
Albania
Algeria
Angola
Armenia
Australia
Austria
Azerbaijan
Bangladesh
Belarus
Belgium
Benin
Bolivia
Botswana
Brazil
Bulgaria
Burkina Faso
Burundi
Cameroon
Canada
Central African
Republic
Chad
Chile
China
Colombia
Congo, Dem.
Congo
Costa Rica
Cote d'lvoire
Czech Republic
Denmark
Dominican

Ecuador

Id

1

10
11
12
13
14
15
16
17
18

19

20
21
22
23
24
25
26
27
28
29
30
31

32

Country
Egypt
El Salvador
Ethiopia
Finland
France
Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Haiti
Honduras
Hong Kong( China)
Hungary
India
Indonesia

Iran

Israel
Italy
Japan
Jordan
Kazakhstan
Kenya
Korea, Rep.
Kyrgyz
Lao PDR
Latvia
Lebanon
Liberia

Lithuania

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Country
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Mongolia
Morocco
Mozambique
Namibia
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria

Norway

Oman
Pakistan
Panama

Papua New Guinea
Paraguay
Peru
Philippines

Poland
Portugal
Romania
Russian
Rwanda

Saudi Arabia

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

Country
Senegal
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain
Sri Lanka
Sudan
Sweden
Switzerland
Syrian
Tajikistan
Tanzania
Thailand
Togo
Trinidad and Tobago
Tunisia

Turkey

Turkmenistan
Uganda
Ukraine

United Arab Emirates
United Kingdom

United States

Uruguay
Uzbekistan
Venezuela, RB
Vietnam
Yemen, Rep.

Zambia

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127
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Table 2. Results of LSR and QR

% 2. LSR F1 QR &R

= LSR 0.1QR 0.2QR 0.3QR 0.4 QR
b © a b © a b © a b c a b c a
1992 1.092 1208 3.898 1.132 1.299 2104 1.103 1.348 1998 1118 1302 2596 1.093 1260 3.175
1993 1.088 1.191 4.055 1.180 1.307 1.905 1.132 1313 2216 1.090 1296 2710 1.089 1250 3.310
1994 1071 1163 4318 1191 1251 2346 1101 1284 2557 1096 1.238 3207 1.042 1238 3.492
1995 1.049 1146 4540 1126 1244 2711 1112 1239 2970 1095 1219 3371 1059 1195 3.831
1996 1.051 1131 4.664 1131 1221 2909 1103 1.222 3.089 1106 1.196 3548 1.086 1.212 3.596
1997 1.053 1.141 4544 1109 1206 3.020 1135 1178 3379 1108 1.182 3594 1.067 1.201 3.724
1998 1.055 1.164 4309 1.116 1232 2796 1.091 1.249 2867 1.051 1.233 3.306 1.074 1233 3412
1999 1054 1159 4339 1113 1237 2790 1.067 1.216 3.270 1.036 1.215 3.467 1.079 1220 3477
2000 1.060 1.156 4.331 1.127 1182 3184 1.085 1208 3.262 1040 1206 3513 1072 1231 3.382
2001 1056 1.157 4.323 1.165 1.258 2.315 1.090 1.230 2997 1.037 1202 3551 1.059 1234 3.397
2002 1.056 1160 4.276 1151 1278 2166 1.063 1252 2.857 1030 1199 3607 1.078 1212 3516
2003 1.035 1140 4525 1151 1267 2285 1.072 1233 3.025 1038 1207 3504 1.044 1225 3517
2004 1.048 1138 4.488 1140 1245 2520 1.058 1.225 3120 1.070 1.204 3421 1.060 1.132 4.304
2005 1.056 1.160 4.226 1106 1.250 2576 1.080 1.237 2925 1055 1213 3.328 1.059 1.184 3811
2006 1.046 1.154 4270 1112 1.266 2357 1.065 1263 2690 1.050 1.207 3.366 1.061 1.206 3.553
2007 1.041 1132 4463 1110 1.205 2.893 1.067 1244 2824 1093 1204 3276 1076 1191 3.625
2008 1.054 1.167 4.081 1.096 1.237 2677 1074 1235 2855 1066 1206 3.269 1078 1193 3.561
2009 1.051 1.170 4.052 1.099 1225 2723 1.046 1244 2859 1106 1213 3.162 1060 1.193 3.642
= 0.5QR 0.6 QR 0.7 QR 0.8 QR 0.9 QR
b c a b c a b c a b c a b c a

1992 1.072 1215 3760 1.113 1220 3.792 1.090 1.232 3.881 0976 1.018 6580 0.940 0.634 10.513
1993 1088 1.219 3.703 1.117 1.216 3.855 1.066 1.168 4515 0951 0943 7.279 0971 0.717 9.668
1994 1.082 1.205 3.842 1.066 1.175 4.337 1.071 1160 4566 0993 0.898 7.485 0970 0.697 9.795
1995 1.107 1186 3.943 1.068 1.188 4.179 1.062 1.083 5285 1.028 0.883 7.440 0985 0.643 10.170
1996 1.117 1231 3495 1.076 1.152 4469 1.078 1.046 5615 1.014 0914 7.169 1001 0.639 10.187
1997 1119 1233 3486 1.119 1237 3.600 1.045 1.062 5542 1010 0.941 6.895 0.972 0692 9.738
1998 1.100 1.222 3.616 1.108 1.176 4.128 1.092 1.118 4.825 1083 0.944 6.651 0.977 0.709 9.467
1999 1078 1204 3.814 1130 1172 4.072 1074 1104 4969 1.058 0.999 6.207 0.992 0730 9.144
2000 1.138 1.232 3399 1139 1173 4.042 1122 1164 4320 1.053 1.044 5788 0.983 0.775 8.814
2001 1086 1.200 3.804 1.113 1.112 4.654 1130 1131 4557 1.087 1.033 5773 0985 0.774 8.767
2002 1.085 1.187 3.866 1.144 1113 4535 1122 1108 4768 1.090 1139 4797 1001 0.836 8.146
2003 1.078 1.171 4.030 1.134 1122 4516 1.099 1.097 4965 1015 1051 5902 0978 0.697 9.568
2004 1.105 1.131 4331 1115 1121 4556 1106 1.095 4903 1020 0965 6.600 1.034 0.756 8.758
2005 1.073 1.152 4172 1139 1136 4305 1110 1159 4329 1125 1.097 5.049 1.075 1.008 6.375
2006 1.061 1.121 4456 1122 1131 4370 1091 1103 4866 1079 1101 5070 1.055 1.046 6.106
2007 1.063 1.115 4506 1113 1.088 4.786 1120 1.117 4613 1022 1014 6.073 0.986 0.995 6.727
2008 1.056 1.156 4.079 1115 1142 4225 1116 1146 4378 1133 1.079 5073 1.054 1.091 5579
2009 1.055 1.155 4101 1.104 1151 4106 1122 1139 4397 1094 1125 4808 1041 1095 5.614
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