ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




w % B 37 $33 % 46
ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) 20124 6 A 15 H

H X

TR 1 575 7 MR IK B2 ST - eevenoos Whsh W, B, EANT BRI B R, ERIE(LTTT)
UL SO S BT B BTy - oeeevrvees e HRHE, BT, E4, EA9(1784)
S MRS SRS e GO HMAI o eoevoosssnnssssinsscis F, T4, T H(1789)
VRYI T 12 22 K b A A D R0 R B T HLAM AL oo B R, K, 2 % Sh A, H (1795)
SR E BT DK TR T 22 BRSBTS FITEE A AR IRUR + v vveeermmmmmeeeemmmmeee e ettt

........................................................................... ﬂﬁkﬂﬁ,ﬁﬁﬁiﬁ;,%ﬁ,?ﬁf’i,?ﬁ?ﬁ/ﬁ,?&%,ﬁﬂ(ﬁ( 1801 )
BRI T B TR T 4 A BTG Ry o veveeoooeee WP, E Dk RHT, R R B, A, 1 (1808)
LRI LL BT 5 5 YA G BB - eevvensosenee R, T EE, T, BRA, S H(1816)
{m%{%{E*H%@iﬂ@%?&ﬁ}ﬁﬁé%ﬁ{tqﬁ?ﬁﬁ% .................................................................. ﬂ}% WJ , ﬁﬂ(%( 1823 )
AR Rt L T A o T RS B KT, QT R, AR LA (1832)
55 ST B 1 52 I 000 D S RS LT IR TSI oo EFE B E, EAE,HA(1839)
AT T P ST 2 ST ST 8 N MR, R B Bk R, AR 22 (1846)
PUIELRUER A 7E 5 B LIS AR AL SN SRR TG oooeeeeooeooos WX, EX B, ERS K EE(1852)

TR WA VN B R pS3 R RN, - BE, Bk, K, WY, 24, HkR, BET, X (1858)
L REIR (PROS ) X BE L 42 5 25 28 11 B mRNA KRB -+ veveeemeeemeeseenie st

........................................................................... R B WA T, EE RS A (1865)
IR DL TR RE ) SOOI ISR IFTE  coeverereeerereeeeeeeees M, xR, R E,EA, EHEE(1871)
MIEX ARSI %F % oK AW EBR I 3DEEM fAT <o ceeereeerrerrremne M , B4k , -4 L (1878)
XDLVO BRI ARATEYG 0GR R S B B 15 YR RO MAHLIR] -oeeeeeeneees P, @ RE AL, aE, A EE, RI(1884)
W LX1 AEAK P IR L K BB RN R B oo By, E& WRE, TH, KR E(1891)
LB T RSAL R AL A BB T 2 HIFGT v evverrrrnrenee e FTEA,EXH, ANAD, HHE(1897)
B R R A FE R AR PRI e eeeeeemmem e ZY AR DRI TR, R AR, ZE(1902)
TR 7 28 00 ULV YRR R IR o veveeeeeee s A AW, BB, T B (1907)
R K R R A SRR AE BTG RRERE - overeeeere e B RE ER HE, FEE(1913)
TR TR AD PR HE TR 5 5 YRR BT AL FIRIFGE ---vvvvveeememmmmmmm e e et FOEIR, ALK AR (1918)
JINLFE G S R V5 TR A R ARG TIFGT v everrmreermmmmreeemmm et R FEEE A AEE(1923)
AR B T T PE R V5 VT TR AL B <o eveermmmmneeeeeemem s e ettt

...................................................... T%i@%,i&ih,ﬂﬁﬂ%,?i@,ﬁ%% IR GEHE,ZH, HER( 1930)
25 T YR AR S AT oo eveeve e EAK, KAE, EXA, BEF, HH(1936)
R 3 JOR A5 Ui A R AR KT M TEHLES TR ERITE v oeeeeeeeeneeen AR, %H, hakik, Eo05(1944)
TRINTHRRIX I P,  HIRFIEAFHT veeveeereeemseesme e W EEE, TR KK (1952)
AR A I TR A S8BT -+ -+ we e e s e e e e e e ettt EAE A JRIC R, X R, 'R (1958 )
Fe-MnO -Ce0,/Zr0, ARIEHEAL IR T NO PEREMIFIT crovverrerrreremr e x| % , W& E (1964 )
F ORISR B LA ER I CO, WO AERF P oveevee e A, R RA R, CF, RATA(1971)
BEVE 7 20 22 (0 KRG AR HHZE A5 R 55 CH, 1N, O HEBILIAEL IR - evvemeeree e

........................................................................ %iﬂ',/l%ﬂi,ﬁﬁﬁﬁ,%ﬁi,fikﬁél,éﬁ, F/iﬁfft@;—}\—':( 1979)
AR RS AE R BIVEE S B voeeeeereenssenennns B, B, R, B, AR, A (1987)
AT N AR T SRR R AF SRR N, O HERCROSE oo WL EEE B E R, e, £ LR (1994)
AT S BHE I L 7 M BTG AT ovvvves e SRR, T, ES A, E 5P RH(2000)
A1 5 X L B L AT ST AR AOBISE o veveesrenmmnsseein s FiE A, KR I A, R (2006)
EES I IR AT S R S A TR AT JEZR e ere e K, K EHE,EILF, LEAM(2013)
PEFRA P 15 FUAEPIXS 8 48 Pb Zn FOBURAIFESPILUL oovvverermeeesnnnsnnnncnenns HiA, B %, B4R, 2901 (2021)
SEE AT 3 B AR A BBV BEI ovvveveeeeenennenenens EEE, HHM, 4 E S, RA, 5, R (2028)
AP AEIE 17 X SRR ARSI T R B BUSE eevveeeveeeeeeee HRLE W R LA A, 40 R (2038)
43 CO, XF C3 il C4 HEPARIR FURATBRIR B FE I oo B, GE, EEOL, T, 5 (2046)
A R Al 22 [ IR () A T A I R R BN S AR AL AP wovvvveeemmmrrrmmmm e e e Fosk, B E, FB £ (2052)
A/0 MBR A TGRS KSR GBS HEMERIOCER  ooeerrreenens STk 5, # & ,Montcho Leon Monthero, T %8 | J& % # ( 2061 )
AT e E IR B S R T R AR I BEIE I Y B ASAGI +-evemeeeemeememerimeneieine WA, 7R, X (2068 )
DT LE S RACE R B BLITAl oo A R, R R, T M, BB ML CE 4R (2075 )
FL S PR FHRE B P T e BT FIPERIE T oo NALPE, BRI, 7 A, KB, R B E KK (2083)
ToxTell AL REAE Cut* \C* MhiriE VTG IR ARG MR HORI - E%0r, T, A%, 25, 5%, L 10H(2000)
BRI RE S G0 e R I L TR T AT G - vvevvmeeemmmmeeremi et BER W, B (2095)
I B TR BB T BEIIITIIE woovveveseresemsns e W, A R K U BB 20 (2104)
SO A 57 B TR T AR HE SO BERBIESE  woevveeeseemeemee s RTIE, e, BB, PR, FRE(2110)
R AR AT A R A ) I 8 S BB 3 P S B B IEGE oo eeemmmmmm e e e B E x|, R (2118)
AEFRBF IR IR Fe/ C 25 M MFC PERBRIFFY -+oovveerveeremesnesnnens EEZ, B, TH, ALE, e, REL2125)
ST IUR ST IR ST I RS vereeesonseses e Bt YL, E R, DS (2131)
AL HTT BT 2 5 2 B K SR IG DM oovvveeeoemeeee s PR, K, xR L il de F 4 (2139)

(AR FER AT (1877) (RBERFEYVET B 2 (1890) = H(1822,1857,1896,2138)



Vol.33,No. 6

o 33 45 6 FoOE ; 2
20 b i Jun. ,2012

ENVIRONMENTAL SCIENCE

LR EEREE RS EFIERXZNHDERI S

PRagesie' okip X 2 Eigaet e

(1. bR A 5T b 5T 100037 2. WA R EEE, LT 100084)

TEE . RAPME TS M B IR 2B IR (VECM ) K98 T Jb 50T 1980 ~2008 4FREIETN 9% S 4P K Z MR X R, 45
IR, AT RE VR 2 5 A UH K Z RIAEAE R DI A RS (AR B D DA 22 5 4344 3] R TR0 2 5 ) B IR IR G 3R & B X R IR (1)
5 R B B 2 1 9 0. 44 F10. 12, JLHTTH 1980 ~2008 4F GDP 4EXJFEIE K 19% A Sl BE TR 2R K 2 0. 4% . 5 kK JE X RE
TR AR TR 5 1, BEVR TH 9% F - AR A B K i — AR 1 S A AR i WFSE 2598 REAE ) b st T i 19 BB VsHE H A LA AR HE X
WA R R E S KR

KGR HEIRIH 2, 2RI DRI HT s IR EIB IR

FESES. X22 XEERIRFG. A XEHS: 0250-3301(2012)06-2139-06

Energy Consumption and GDP Growth in Beijing: Cointegration and Causality

Analysis

CHEN Cao-cao' , ZHANG Yan®, LIU Chun-lan', WANG Hai-hua', LI Zheng'

(1. Beijing Municipal Research Institute of Environmental Protection, Beijing 100037, China; 2. School of Environment, Tsinghua
University, Beijing 100084, China)

Abstract ; In this paper, the Johansen cointegration technique and the vector error correction model (VECM) were used to examine the
causal relationship between energy consumption (LEC) and gross domestic product (LGDP) for Beijing during the period of 1980 to
2008. Results indicated that LEC and LGDP for Beijing were related by one cointegrating vector and there was a long-run unidirectional
causal relationship from GDP to energy consumption. The long-term and short-term elasticity from economy to energy consumption were
0.44 and 0. 12 separately. Statistic analysis showed that from 1980 to 2008 every 1% growth in GDP annually would drive energy
consumption increasing rate by 0. 4% correspondently. And the effect imposed from economy to energy consumption was lagging. It
showed that energy consumption was not a strong exogenous variable as to economy. The finding has significant implications from the
point of view of energy conservation, emission reduction and economic development.

Key words : energy consumption; economic growth; granger causality; vector error correction model ( VECM)
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Table 1  Descriptive statistics of original variables of EC and GDP

ALt I ) B (4F) B %k PREE /M SN
EC (LB x 104/t 1980 ~2008 3544.3 3385.9 1340.8 1902.6 6343.7
GDP({0t) 1980 ~2008 731.9 505.6 616.7 138.4 2266. 5

T PEXT T FIRE IR MG 51 E H SRR ESUAE x4
Il 51, 230Eh LGDP #1 LEC, SR J5 P47 5 2%
P BRS040 X ECHR 0 £ SR RO B
BB RIZ T 1 3, 53—y T A5 B AR
He Bl B9 5+ 77 22 (heteroscedasticity problem ) , fifi g i
WP EE 5 GDP I ] 5 O 8 5 G B0 1] 0

('spurious regression) .

HWR DL 22 AR KB 2 B ((Granger test of
causality ) Fz 30 2855 5 BEIRIH 2% Z DO AR E &R, —
ANSERE IR 22 NP A B e AL 45, I 1) PP 2] B9 s
HRAGH (unit root test) | 78 1 PP B A6 46 ( cointergration
test) DASAE 22 SRR IE R K (veem model ) . 7E AT
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H 22 ANDR SR 0 2 11 o B (SAR AGE 46 PRIE A B o 1]
FEB PRt X MR A 0 B =2 N PRERAG 90 20 R
ARG, WURAATE DM, ARG 70 i) B AT K A 24
F:Z (long-run equilibrium relationship ).

K H Augmented Dickey-Fuller ( ADF) B4V 4R K
IR 43 A7 A5 f5k A [0 9 A R k2 AR T 2
it n WZEIPRARERR SV AL PR P51, 2T
PUF [l 75 7.

k
A}/, = al +7’9’H + Z@iAyl—i +el (1)
i=1

Koy, FRFRAS = AR P51, W LGDP #1 LEC; &
RIS AL A RREFINH—Br 22435 e, 1R
22 MR R 5% 22 (white noise) 5 o, i B0, A RNH
FrRERGREE ; n S S5 AR B A R ELL ADF K56
St R BRI B I0 30k Oy S AN TR By R 3 2%
K ORI A M AaAI(C=1,T=1)C 5T
A3 R H B ( Constant ) FEE 3T ( Trend ) 1) B 5
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QBRI I (C =0,T=0). f1F 3 FA
[l fF 0 P ATATT— i ADF £ 56 {8/ T 8 2 K F i
FUE, i 5 AR, R A s

ADF AN AR A 56 56 K (level ) Fe 81 FF 1R 46
5, AR P SRR WIHZ 7 51 354 7 — B 22493 J5 4k
SRR, FEAF AR B AR AT BB E 25 4
JaRE:, B2 )75 b1k, 12 1(0) & B Huik
I(1) AH—Br s AR, T(N) N N B s, AR
Engle 252 L H (P& OC R HE, RAE 2 el 2 A4
DA BR8N AR SRR 8, (B T B S R 2k
ZHAHIT RE PR S P, WX 2 AR & 2 [E] B AE 7R
Kk e R AR R,

R A P A w22 73 K BV G AR T A b i

K ZAJTFE (cointegrating equation ) . &1 %] P& & R K
K w7 ¥E A VF 2 M, H O A T % 2
Johansen %543 $ ) —Fh AR R USRI E A TG 500
F 777, 185 FR M Johansen A5, Johansen i 463 T
VAR A [T R AR fh 0 25 d5e AR AR A 30 {1, BV A
jﬂ%?ﬁ{ﬁ*ﬁgﬁ( max-eigenvalue test) 5@7@5@( trace
test) PRIE DM OC R 7 RE BT | [R)IN SR s 5 i A o
Z AT T MR R X AR A B 52 R HUAY B
R T

DIV G 2R TR A 0 i () RS A OC FR A
e, SRMIIFASRESR B AR OC R 19 J7 ). SCHR[ 26 ] 4231
] & 1R 22 18 1E 5 7 (vector error correction model
VECM) 4 5 2R 5C 28 7 il o4 1 3 (Tong-run ) 5 % )
(short-run) BRI ICF | ANHBENS [ e Ast (] 7 51 22 [8]
AR IR 0 2%, T ELARE S S 30 s 5 4 S 4 7 418
WEAL. R IAPR SR R iR 22 B 1IE T (error correction
term, ECT) BR5E , 45 ECT R EGH 1 k3 PEK-F 1650,
S ety [ A2 3 S R AR SR OC 2R [HIEAS IS
R VECM HEREH5 A2 i [R5 R B R DG 2.
[l A I AR B GE T BTk Stata SE L.

2 SCiESHR

1 TASBIFSE R FH 22 B FRE IS [ 77 1) AT A L
AAFRRE , B P B 2728 T AT BN ARG 56, A AR
K95 285 5y [Rl B B A 08 |, AT LASR ] DR 38 G 35 0 B
LT HREIRAS T2 A i O AR, FE TR P& 2 8] G &R
& Granger K S 43047.

2.1 LIRS

7 i (1)1 e A A ST B[] 8] AR AR 1Y) B
. ADF A7 ARG 56 1) 358 0 e 91 A A8 B AR
T J5 B B0 K/ IR 8 AR it ERCHTE (AIC) . K2

&2 #4585 GDP B ADF B{IRIBIGLER
Table 2 Unit root test of LEC and LGDP

. FEETRUAS 45 2 7Y N 2k B B .
Higo e it (c,m) ADF A5 (a=1%) (€=5%) (a=10%) thie
LGDP (1,1) -2.081 —4.362 -3.592 -3.235 AFF
(1,0) 0. 064 ~2.492 -1.711 -1.318 N2
(0,0) 4.222 -2.657 -1.950 -1.601 AFER
ALGDP (1,1) —-5.686" " * -4.371 -3.59 -3.238 T
(1,0) —5.565% % * -2.500 -1.714 -1.319 T
(0,0) -0.883 -2.658 -1.950 -1.600 AFE
LEC (1,1) -2.209 -4.362 -3.592 -3.235 AR
(1,0) 0.379 -2.492 -1.711 -1.318 AFF
(0, 0) 4. 086 -2.657 -1.950 -1.601 AFF
ALEC (1,1) -2.818 -4.371 -3.59 -3.238 AR
(1,0) —3.113%** -2.500 ~-1.714 -1.319 TR
(0,0) -0.858 -2.658 -1.950 - 1. 600 AFF

1) C FoRAEEI, T 7RI [R5 B RO 38 o5 i v B ATC) JF 25 OB ARTE DURIE , WS I 25 L Ml = 3 BIIFRORTE 90% |

95% F199% B /KL & A RER—m 20,
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XHRUEHUR B BERE (LEC) 5457 (LGDP) 73 3| A7
ADF AR AG 30 25 . MRS IR 45 R TEdiE 5
I 3 MORFRIALA T, BOS U 2855 FBe IR 1 K
FJ¥ 51 ADF K30 {8 X KT 90% | 95% S 99% H %
K0 3 A FHE , AR T . St — 2245
WPES , ALEC 5 ALGDP BEf% i i 90% | 95% 5%,
99% I PR AKTRL B, PRI AS BEAE 48 57 AR R AR 1K
LEC H1 LGDP J8C—Br 588 251 1(1) , ] RIR AR i
HAT T 2 R S AT
2.2 PhEESFHTR S

F TR 30 179 28 B R R VR A8 ki 2 [ B 22K 2
T X AR R P RE OG R AT R g, B 5 ik
Johansen PPEEAS 5% . AR A8 HIIG (], B 5% 38 3 1 H 53 2%
W HEEL(AIC) 5t FLMERL(SIC) , B 5E Johansen fJp
BRI AR S L. 2% 3 i IR B RO
S5 T /N R M HE RN, e PR S B RO 2.
7tk P R] 7 371 PR O 2R 1) B8 P e DR R 4G 36
( max-eigenvalue test) 550 (trace test) Fl5E. L
r AERPMRE OC R b 5C R 7 R O i, Rt 1R
WNBREAFEMERR  Hy: r=0; IEFHRIEH
R BDHEENEXR H, cr<n,\1,2,-,

B % 33 &
Frbp U i) Je A 5

# 4 R LEC F1 LGDP 7% & J¥ 31 Rk W
Johansen g AL SR P38 O R K 30 A 45 2R B G,
B AR 2 B R AFTE MR OC &R Hy: 1 =05
K56 45 5 o B KRR 1E {6 ( max-eigenvalue test) A
63.795, % T 5% & {7 I FL {8 (14.07 ) , i £ 56
(trace) WATH] T AU L5 18, I IE 4 F R r =
0, BIVHE 26 A A7 75 A2 £ 18] B 8% OC R W AR AL, X i
T AR BN N AL 1 8] 2B D AAAE— AN EE DGR H, -
r<1, fix K4 1E{E ( max-eigenvalue test) 5 375 £ 5
(trace) Z5H 6] 4 0. 0305, ¥ /NF 5% B 15 I S H
(3.76) , KR BZDAH DU &AL ST 2B
(LGDP) 58 ( LEC) 228 & A7 7 — K W1 1 1 1
IR IT R,

®3 BRILHEEHRBHEY
Table 3 Selection of lag length

i o Bk XTEAISR AR IAER it BLHERL
4 64.3158 -4.78151 -4.565 13
3 64.3147 -4.94289 -4.697 47
2 63.0519 -4.98723" -4.83997"
1 62.8467 -4.92099 -4.724 65

1) = AL 95% BEAF/KF L 3k

%4  Johansen thE#EIE 45 R

Table 4  Johansen cointegration estimation results between series of LEC and LGDP

J’IZ}'TLT,’%*\%%( trace) H%j(%:‘fﬂ:ﬂ*@%( maximum eigenvalue )
5 A ] ] N T T ) L N
METETE e it semfokr  PETETEC i poommmin sk
rank < (r) rank < (r)
r=0 0. 898 63. 826 15. 41 r=0 0. 898 63.795 14. 07
r<l 0.001 0.0305 3.76 r=1 0. 001 0.0305 3.76

1) trace 5 maximum eigen #5581t 22 1 (R BU7E FLARMR 5 L, trace K336 A ZARBE N B AR B 80N T o4 T r, AR MY ECR T r; 1M maximum
eigen R (AR IS N BT r, XTI MR ESET r+ 15 WS B EURYE AR b R (AIC) JE 2 BRI i |, W 1 2

2.3 [MEIRZEB AR
FEDMERG I IR T, %F 1980 ~2008 4FJLITTH
REIR 5 2T Z A OC R BEATA% 22 AR O R G 50, 4G
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