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Abstract

Based on the data analysis of annual energy consumption increment and economic growth in Bei-
jing from 1983 to 2016, the results show that there is a co-integration relationship between GDP
growth and energy consumption increment, but there is no causal relationship between them. Es-
tablish ARIMA (1,1,0) model to predict the total energy consumption and found that the total
energy consumption 714.379 million tons of standard coal that is in the set of “thirteen five” plan-
ning that targeted 76 million tons of standard coal, and the average annual energy growth rate of
less than 2.1% in 2020. So Beijing will adopt the current conservative policy that will not expand
the total energy consumption to the expected.
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1. 518

T AR R PR SY) 1.5%RE IR S SIS 1004 TG . SR A FE A, Ik
IS =PV RV AE (5 EL AN 2011 421 44.3% K F1| 2015 4 48.3%, 3 kb Tolk 47 b B 2011 4 33.3%
FPEF 2015 4 26% (WL 1), ATLURIAER T “ 7 HURIH K SR L SR . AR A BRI K Ty
1, RS REREAR D) B ARSEIL .

A (b 5T 2015 FFREVEGETHESE) HidE, Abnt i@ BA IR OR KR dUR R, PRI AR A b 5T T )
BRI AR R 2L BT dbnt “ =107 IREIENE 2 5 L UFIE K I3h A K R L RET T BOT REPEFE R H AR
ERAARF, AR L 5T 1983~2015 4 B4 5 ARV T FE 1Y RN 22 5% 3G K 5 I8 8] 77 51 1 AT A5 2R A A
B4, FEXT 2020 4 REIRTH FEE AT IO o

2. XHRGRIR

KT REWH P S AT KNSR AN BRI RSNy JEJ7 FPEHE = XS o Wt o
G MR ARCECE 70 AT REVRTH 9 S PRI K INOC &, AR W], 0 AR Hh X REVRIH 9% X e B B KX DTk %
/N, FTAACAF BN 22 57 o W 2E I S5 [ 20 R TR ARGR 22 18 IR AR ) Granger ARG AR 30 8 Wb
T REVRIH B 5 22 Dr M KA L R A 17 LA R OC 2R o Wi AR 22 25 [BR I B 7 M A ) B R 2 1B IR,
W AR A GF K B REUR T P K A R R R C R, T AMEAEXUA BER RBERR R o R RS
[417M) FH T ih R 5 AR DN Oy 2 BE TR FH R BRI, 8 TR 4G K DA B AS R BB YRV #E A JE RN s 17 24 e YRR
BB, AT KAKEE T RAM TN

PAb 23 R AR 22 GG K 5 R DR O 2R MR B AT I 1] P 2R R, 38— 28523 R X 2 G 4

Table 1. Beijing’s economic development and energy consumption level during the 12th five-year plan period
F 1 "R M ERHEF LR SERERKTE

2011 2012 2013 2014 2015
GDP({z.7t) 16251.9 17879.4 19800.8 21330.8 23014.6
KR 15.2% 10.0% 10.7% 7.7% 7.9%
Fie YR FE o B (T AR V) 6397.3 6564.1 6723.9 6831.2 6852.6
REUR G K2 — 2.6% 2.4% 1.6% —
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BIFFAE, Z

KAGREIRTH AT ARZR R R 7T BT EE[S]R A PSTR AU HF 5 [l A REVR T 9% A5 Y K 2 8] )
MR AR IEONIYAE BME BATE MRS, BEFESR A MBI EAR R, W FCSs RO Bk [ fe iR
HABBESAFFHERKI AL R R AN R EE .

it Bt SEEATDSAF X . AR BER AR 3SR T vE0E BTN 9% 5 22 5 K 8] (1Y
RAGEARME, AFEHXEAF R0 451 AP, REIRBUR th B HSW BE IR E 9
R AR ARGV AT IR AR, AT HA S T XS Ol A SCEET DU RTH A 5F K 5 R
HWRFZAFN R, EEMERRE T, (56 AT FIEMBEAT SHERT T, WRUEIb s+ =10
K P BEVEH B H FR ) ST -

3. REETEAERF
3.1. HAIREEE

PR 77 AR REIRAN 22 T R Je, AT P42 5 o X L e SE A RO SE S AR Ak o BETR A0V B A
FEARAH [, BEIRAIAE AN THAL 5 N RTER B R, (EAA R BE A I BLAR RE IR BE AN SRAS AR B2 Y
2Pt R, B, DAHERIEE S SATHE K. QTR R R RIET I .

ARG PTG BN A R AR 30 VA LK ARIMA 58S, B8 NV AH EL I R K RE VR T 3 1)
R, NREURTH A . WU BEUR AL AR ¢ T AR S BRI, A O REVEAIIA B Bk A 2L
AT RZ . JF H ARSI A b 8 2 S5 75 T IR 7T, AR esdt 1 I 1R 2 8 o0 B ik o

3.2. TEFITESHIELIE

ARICEHL 1983~2016 4F-Jb 3 T REVEIH AR L i 5 48 50 K R /KT I IR 7 515008 JEAT 0 #r . A 4 ie B
T e mi gt %) o bR AT R B AT AL T X A 2 SE(GDP), B4 IT: REVRTHAE S
#(Energy consumption, EC), &4 /T t bRk, i /N & IS A v il 07 22, ST R R
LR N, Xt EC F1 GDP HHATA 844, F In(EC)F In(GDP)E v LATERFF 74 B 148 S 45 4 e IR T 7%
Hp ik, AEImBdEd, XA P A Z R R, Tk AT RS, R 2 REVE I
WK E ST KRR R, 7TBHT RS . Fril, ASCEIEIRE 28 K5 GDP K&
HARBEAT S AT IR AIE o

BBV 7 19 K B (Energy consumption growth, ECG), H ECG, =log(EC,)-log(EC,,)

1 [X 2 57 14 K & (Economic growth, EG), H. EG, =log(GDP, )-log(GDP,_, )

4. R EEFEEREKSEFIEKXRMEIES
4.1, BLIRELS
K H Augmented Dickey-Fuller(ADF)f 45 i [8] /7 41 B Fe e 1, SR J 8 R da et A8 [ml H 5 R A o im A
DRI AR By, BRI I 22 43 TR A i s B e B A G
El

Ay, =a+ny + iﬂiAyt—i + 4
A, y, ARERET (8] F7 B A8 55 p WAL 5 45 A RORIT A —B 22 70 g, AR3R 10 75 5% 22 (white noise)s
o NERD, RFFEVATEAEE; 7 8EE RS R

AT R SR A 4 A B ACPF Eviews9.0 58 il o it I 1] P 471 I T UK B 22 B 88 K 5 e Y S
AR EER EHE S (LK 1), Hor Rtk 2k — Dl AR K I8 E .
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FIH ADF tu3siknt EG Fl ECG M H 2247 ¥ kAT s Al A 3, ¥ J5 AR 4E AIC(Akaike information
criterion)fEMIEFE . )7 51 AT ARAS 56 45 SR (L35 2)

K at BN, —M %4> ECG. EG JPAIREHSET 99% KK /K N Bl SR, FT LA 32 R A8 1 2 o
PR, I AECG .« AEG 34 TR 4. B ECG, ~ 1(1), EG, ~1(1) M EH5ELUE, alHbih
SR R 74 o

BRI FA AL RIS, H2 el a2 R4, Engle 1 Granger

B H A A P R 18] 7 21 i 2R M 0 P RE PR o (R FE 1 — Rl B A KR e Ok RN LR R4
BAFAE, XELIRPARES )75 2 MV B RS R o AR SCR A [EASR Z P34 567775 . Johansen #
KA T, AL TR ZE N -

i =Yy _ﬁAzyzt _:ésyst _"'_ﬁkth
4.2. thEEI S

FIH EG W bxt ik 2 HHTAR IS : 1o, @ErmlH e
ECG, = BEG, + 1, @

14

A2 4
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Figure 1. Time sequence diagram of economic growth and energy consumption
growth

Bl 1. 2i5EK SRR EKEEFTIE

Table 2. The results of the unit root test of energy consumption growth and economic growth

2. BERIHZRIEK ECG MEFIEK EG BB IRIGINLER

\ I et
o B A g 2R Y ADF 3518 ik
a=1% a=5% a=10%

EG Intercept —2.94376 —-3.654 —-2.957 -2.617 A Fra
AEG None —6.65383 —2.642 —1.952 -1.610 bl O <
ECG None —1.45514 —2.642 -1.952 -1.610 AFFE

AECG Intercept —4.29795 -3.662 —2.960 —2.619 bl <

7E: 1) Intercept F R AT H0 None R JoH HUFRIN a3, 2) ***FRIRIE 9% EE /KT LIREME; 3) A BRI FHK—MZEm.
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XF 75 REREAT OLS fiti vh45 20 AN & AR U 77 42«
ECG, = 0.25EG, + 4,

(T =8.72R?>=0.2D.W =1.87) @

FR, s TEIT R B PR 2 T AT BB A 56 . W SRR ZE UN AR E P41, WA & ECGy. EG Z[H]
P RO — B R, T H 2 MAFAE MBS R
XF 3(2) Bk ZE AT B ARAS IS, e [ml R 7 R i 45 R AT A
/i, = ECG, —0.25EG, ®)

XF o AT A AR A%, AN B BRI (RIS, H SIC HE DI e i S B (032 3):

SEREIRN, BRZET 4, (T =-5.13<t=-3.65, P =0.0002 )N {77E AR, RIL AT LR SE o, N TR 51,
Y g ~1(0) « FrLAAA I HE ECG, = 0.25EG, + f1, UL & J5 /& T Al o

R ] 3 4] A% 5 2 8] B8 o &R O B0 R R (A 56 (Egenvalue) 5 728 K6 56 (Trace Statistic) 27, ] R A3
WX RMEE. R NEEZ MAFEDERR, B He: R=0; #H BRI AEEZ DA/ N M
KF&, BIH;: RSN, N=1,2, WL#% 4,

AR IG5 F: X F R A KR, IAK (Trace Statistic)-5 F KAFAEFR AR 36 (Maximum
Eigenvalue)$3 & T 5% & 5 /KF K FL4E; B 16.596 > 15.495, 15.367 > 14.265 & 95% & {5 /KF L34
TR X TR AR B R iR 2 AAAE L NS R, IR (Trace Statistic) -5 5 KAFAEARKS 56 (Maximum
Eigenvalue) KT 5% B 5 /K F N HIIGAE S —ATRI: 2.22<3.84, 52 T JEE#. FrLL, 7E 5%[H&EE K
AR LR R

Table 3. Residual sequence unit root test

3. REFTI BRI

T K5 P
Augmented Dickey-Fuller test statistic(ADF) —5.134339 0.002
KK F 1% -3.653730
5% —2.957110
10% —2.617434

Table 4. Growth of energy consumption and economic growth co-integration test
4 RERIHFEIEKEMA I BRI

IS EAT S (Trace)
W5 A FFIEAR (Eignevalue) A6 56 (Trace Statistic) 5% & 15 /KF P
None 0.329 16.59554 15.49471 0.03
At most 1 0.127 2.220386 3.841466 0.13

I REFFAEAR S 36 (Maximum Eigenvalue)

TR I B KRR O B {2 e ST
7 EAHL /LMY (Eignevalue) (Maximum Eigenvalue) 5% & 15 /KF [
None 0.329 15.36744 14.26469 0.03
At most 1 0.127 2.220386 3.841466 0.13

wE: None FoR LR MAFAENERR: Atmost 1 RIRELAF/E 1 MK R
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H TG A PR ALE R B R AR B W H)—Fh “KIIHR R, Mskhs L@ b4
T AR AR, PR SRR I S 0 1 Bh A AR A R R i 42 B B AR B W X g AR
M 37 AR 2 45 IEAS R (Error Correction Model, ECM).

Yo =By + BiYu + BoX + BiXa + 14

4.3. IREIBIEEE (Error Correction Model, ECM)

TSGR AORE R, R R R U b R 22 U O R 22, Gl B A AR R SR SRR S i A A Y
XTHIAN R . B AGHSL 1983 4E~2015 4 HA1H RRIEIE P KB 5 A TG K Z [ K E AR, R OLS
AR FEMB IR

ECG, =1.165x107° +0.237EG, + /1, (4)
Leem = g, AR APIRERFI o AENREB IR, @IS
AECG, = g, + B,AEG, +yecm,, + &, 5)

AECG, = —4.36x107* +0.203AEG, —0.906ecm, , + &,
(ENSEEEE T=(-02) (0.104) (-4.819)
R?=05 DW.=1.98

y =-0.906 HHA & &M

EAREBIESRI A, AEG IARECNIE, ecm, , FIRECNG, UWHMNEIHAR M RE, 5K fEIE
THAER K AR DL 20.3% Lol 7= AR BRI, 25 40 TR B 1 6 39390 sl P s

ARIMA(p,d,q)Fx A 22 4 H BNAR S PS8, & Fiaks AE-F AR I 18] 73 51 % Ak P Aa i TP 4, 3@ 5 M
MREHMAM KR E p M g, RS, BEREEGRITE . FHETHREALE, SHik
FEFFIRA AR, &N AMEEFFIEFRFS . f)a M CEd R AT W4T . 258 d BrzEs
AR5 1Y ARMA(p, o) B FR A ARIMA(p,d,q) 12 (autoregressive integrated moving average models)

d(L)(1-L) y, =c+O(L)g

R d(L)=1-gL-gL* —-—4,L", O(L)=1+6L' +6,° +---+6,L°
4.4. ARIMA(1,1,0)4% 84

Xf ECG —Mr Z 4 e 13 2| -FAa 7 51 AECG WIHE AR i FAH K B K
M 2 T DLE B, e — 51 R RS0 1 Q Suvt-5 ANAH B £ B M 26 38 B FIAFAEAR DG, DRt
AR P REIE AN R 1, AT E N ARMA 2. AECG I E RIS %L 1-2 Il 2 B &1, JEHMEE 3
Brofas FREIR K, BUAHARERE, HIEEE q N 2. AECG M EMHCHREL 1 R B3, ME 2
Frofas T RRIRR, BRIkt E pEA 1, TR TIFS AECG, VIPHE#. T ARMA(L2)HAY .
DLt/ ME AIC SRR p A1 g {8, PRIEE SAEAR R (p,q)fE, R &/ 357 ARIMA 5
B, oy RRECS AL AIC H (L 5).
M5 ZAAI LS R AICEBEH, Hp=1, q=0KATEK ARIMA(LL0)HALZ A/, Bt
i AIC E(-5.7734) 5/ ME . PRI BEJRIE FESE K ECG & 37 ARIMA(L,1,0) 452
AECG, = -0.6077AECG, , +&,
(-2.88) (6)
DW =1.913 AIC =-5.773 F =8.375
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Table 5. AIC under different p and g values
=5 AR p. qEEZEET AIC

MA(0)

MA(L)

MA(2)

AR(0) 0 -5.5701
AR(1) —5.7734 ~5.7089

—5.4703
—5.7098

Autocorrelation  Partial Correlation

AC

PAC Q-Stat

Prob

[oo BN o> TN & ) IS SN FURN | I

[Ce)

0

= 10
i 11
I 12
5 13
] 14
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0.001
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0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.000
0.000

Figure 2. AECG Autocorrelation and partial correlation function of the figure

El 2. AECG HIBHEX . mBEMEXEHKE
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Figure 3. Autocorrelation coefficient and partial correlation coefficient dia-

gram of residual sequence
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7,500
e Forecast: ECF
7,400 - e Actual: EC
I T Forecast sample: 2017 2020
7,300 Included observations: 4

Root Mean Squared Error  67.74853

7,200 1 Mean Absolute Error 66.75104
7100 - Mean Abs. PercentError  0.946660
’ Theil Inequality Coefficient 0.004777

7000 Bias Proportion 0.970770
' Variance Proportion 0.006661
6,900 = e Covariance Proportion  0.022569
6800~ B
6,700 .
2017 2018 2019 2020
| — ECF - 72SE

Figure 4. Total energy consumption forecast

E 4. gelRiEER ST

IS 3, ARG EL, I H P{EIIRT 0.05, FrLABRZEF AN AR FH], BISFRRT 4.
Y N

w, = A’ECG, = (1-L)’ ECG, @)

Horb w A PR S, LIRS T, ECG,-L=ECG, -
¥ AECG, = -0.6077AECG, , +¢&, A N13 3
ECG, = 0.3923ECG, , +0.6077ECG, , ®)

FIH 22 (8) I LA4F th 2017~2020 4FEA34F (1) BRI 9% &l & - 6970.12 /7 t. 7033.19 /5 t. 7084.54 Jj t.
7143.79 73 t, FEXS AT IO 4)

Kl 4 Theil A% REIHUELE 0, 1 200], 5T 0 KRl BE5E M E, #edEN %S &R Theil
AN Z BN 0.00478, Fx ARIM(L,1,0)# 8%} 2017~2020 £E b 5 T AEFE 0B TR0 AL B 55 v

5. &g

X 1983~2016 AR b T REVEYE P KB 5 AT K AUE b, 13 LT 458

1) REVRTH R SATFHK IR, 1983~2016 4 IR GEIEH Pl KB 5L AP KAE 5%1) 3K
ERAETE L AR R, EAFERERR; ReIRH PG K =R S aT DL N sy — 3 25
WA TP EN IR . — 37 2 BRIEYH TR K 5 2 B Ko B KB TR e o 24 06 3 B0 i 5
HHEBHETRT, K LL-0.906 FIRBE ) BEN AE I R AS B[] B HTIRES o

2) @i ARIMA(LL0)EAL, 3 “+=F" MXIHESGEREFEE &S N: 7474 J5 t. 42.78
Jit. 63.07 Jit. 51.35 Jjt. 59.25 Ji t, Ffxf FLabAT Y, A B PRI A A P L v o

£ E&WA
et RHE S TIH (95 16GLB011).
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