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Abstract

According to the data provided by the National Bureau of Statistics, the GDP of Shandong Province
has ranked third in the country for many years, and its corresponding energy consumption ranks
high in all provinces and cities across the country. In order to quantitatively analyze the relation-
ship between energy consumption and economic development in Shandong Province, this paper
has collected relevant data for the past 20 years. Firstly, the long-term equilibrium relationship
between the two is explored through cointegration analysis. In view of the existence of autocorre-
lation in the model, a hysteresis effect was introduced in the regression. At the same time, the
sample size is too small, the parameter estimation accuracy is low, and bootstrap solves this
problem. Finally, considering the problems that over-reliance on energy consumption and eco-
nomic growth may affect the environment, economic and social development, we put forward
corresponding suggestions.
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Table 1. Selection of indicators

= 1. $EFRIER

2o R (BT B FE(RAT)
HRE R ()
HE R ()

HB IR A7 B (1270) BE5(0) é@%ﬁ%

JE B B AKCF () B () R
FHAM 5 AT 70) S () @%MD
BN 5 1 K AR P A I L I iﬁmn

WAL ()
L PR (T T L)

Table 2. Explanation of symbols
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3.3. Bootstrap 753%

Bootstrap A HBhvE, 2 —MERRIE M E S . WNEFEN n MR ITAE IR FHEE, FFA K
BREARRE[S] [6].

Bootstrap fL#: — &0 LUB/METFE R Z, —&IE 2T se RS RN EE X, =2&7EHRE
BB T B2 R 40 A1 3E LAZRTS , bootstrap 7] A SSE v HEWT, DUJE A7 ™ B 1 B i SRR A 25 B A8 KT,
H LR SEH .
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4.1. ERSF O

ARICKH R EF AT I ARG RRIFHEAE S AT KB RRMSLIE AT, BRI ERS o ik, o5l
X S WL B R HFE AR A s B RE YRV RE IR AR PR3- AT B 2, BB AN S B 8 AR 18 20
B IRIAE IR R 0, N TR EE SN 2 5, e 5 B AT T AR AL AL B . AR BE SR
B[] R G R B BRI ) 1) rT LR BILAE R T #E740 & R AR IR R i AH O M, & 0T 2 e 4 R 4
o o i s SO 2) T LAE H 3B — B 7 Z DTk R 2E T 84.9%, 5 — /7 Z 5wk
FON 12.32%, RIS TRD I BT Z 5Tk ER A 97.23%, #H5es BARH D, BT AR ERRT WA £ 3
UK AL ENE R, B BT CARE 0B 3 B 2 R E (L 3).
[ 22 55 R R AR B R AT TP I 1 56— A I 5 ZE Dk AR R ] ik 31 97.72%, R HCEE — = Bl oyl vf
PIMREE 97.72%H01(5 5
T 1995 3 2015 FERAFEW R — F s LRSS0 FEZR T E S FRERLE 4. 5):
% K BT 5 R ¢ N A WS Bh
§%  1.0000000 0.9907935 0.9494155 0.7115295 0.9803737 0.5118803 0.9769645 0.9244638 0.9550641
%  0.9907935 1.0000000 0.9666458 0.7559819 0.9779830 0.5610731 0.9676120 0.9051902 0.9644930
Bh  0.9494155 0.9666458 1.0000000 0.8790242 0.9369723 0.6997965 0.8932460 0.8521352 0.9944227
BEH 0.7115295 0.7559819 0.8790242 1.0000000 0.7271995 0.8712243 0.6107367 0.6048653 0.8737084
B 0.9803737 0.9779830 0.9369723 0.7271995 1.0000000 0.5287483 0.9720642 0.9042611 0.9379428
% 0.5118803 0.5610731 0.6997965 0.8712243 0.5287483 1.0000000 0.3704111 0.3218299 0.6973262
R 0.9769645 0.9676120 0.8932460 0.6107367 0.9720642 0.3704111 1.0000000 0.9520375 0.8938562

LR 0.9244638 0.9051902 0.8521352 0.6048653 0.9042611 0.3218299 0.9520375 1.0000000 0. 8517068
B 0.9550641 0.9644930 0.9944227 0.8737084 0.9379428 0.6973262 0.8938562 0.8517068 1.0000000

Figure 1. Correlation coefficient matrix for energy consumption
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Importance of components:
Comp.1  Comp.2 Comp. 3 Comp. 4 comp. 5 Comp. 6
Standard deviation 2.6976441 1.0280239 0.34397969 0.244067659 0.192077917 0.107293828
Proportion of variance 0.8490164 0.1232972 0.01380424 0.006949719 0.004304291 0.001343063
Cumulative Proportion 0.8490164 0.9723136 0.98611787 0.993067587 0.997371879 0.998714941
comp.7 Comp. 8 Comp. 9
standard deviation 0.0811025360 0.0611738987 2.636139e-02
proportion of variance 0.0007673892 0.0004365954 8.107433e-05
Cumulative Proportion 0.9994823303 0.9999189257 1.000000e+00

Figure 2. Principal component analysis of energy consumption
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Figure 3. Gravel map

& 3. AR

Comp.1 Comp.2 Comp.3 Comp.4
] -2.553 -0.745 -0.061 0.025
] -2.300 -0.478 -0.072 0.012
[3,] -2.049 -0.169 -0.046 0.020
[4,] -1.906 0.049 -0.048 0.038
[5,] -1.714 0.254 -0.044 0.019

Figure 4. Principal component scores of energy consumption indicators
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Comp.1l Comp.2

[1,] 3.050 -0.144
[2,] 2.951 -0.335
[3,]1] 2.720 -0.397
[4,] 2.726 -0.866
[5,] 2.789 -0.800

[6,] 2.562 -0.760
rz.1 2.485 -0.769

Figure 5. Principal component scores of economic indicators
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Table 3. Scores of comprehensive energy and economic indicators
3. RS EREEFERAERES

A ZUFA5) REVRAS23 FEy ZUF5) REVRASIY
1995 —2.5534979 —2.0327646 2006 —0.2232484 0.9008678
1996 —2.3004994 —2.0351972 2007 0.2617071 1.1438427
1997 —2.0494325 —1.9069454 2008 0.6387333 1.401005
1998 —1.9056596 —2.0748051 2009 0.7333389 1.6382209
1999 —1.7135151 —2.0929226 2010 1.4037916 23117108
2000 —1.5471169 —1.931083 2011 2.1225991 1.386845
2001 —1.2425921 —1.8844139 2012 2.5618694 1.5956007
2002 —1.2554833 —1.8128894 2013 2.884805 1.8832169
2003 —1.1201941 —1.2961166 2014 3.3249955 2.284107
2004 —1.0332696 —0.8447114 2015 3.6679584 2.8495455
2005 —0.6552894 0.5168868
ZEEREY

en | © jingjiscores
nengyuanscores ‘ )

H N
-

S — -
w2

=

& O
=

- p— —
= = _

2
|

1995 2000 2005 2010 2015
c(1995:2015)

Figure 6. Composite Score Timing Chart
Bl 6. LZRAERTHRIFE
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Figure 7. Composite Score After Difference

E 7. ZEnRGEERES

coefficients:
Estimate std. Error t value Pr(>|t])
jingjiscore 0.85962 0.07941 10.82 8.21e-10 *¥¥

signif. codes: 0 “***’ 0,001 ‘**' 0.01 ‘*' 0.05 *." 0.1 * "1

Residual standard error: 0.7003 on 20 degrees of freedom
Multiple R-squared: 0.8542,  Adjusted R-squared: 0.8469
F-statistic: 117.2 on 1 and 20 DF, p-value: 8.207e-10

Figure 8. Regression results
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fHiE, XEAE—AME, BAR DW KL K GEE L (p-value = 3.288¢"—7), UiIMAI G ™ & 1) H
FH R [ 23t
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P2 0.3 45,

4.3. Bootstrap 775 5& /N —;ERIEL B

BRAZWT (LI 10)rTBUR 1, IRZIIESHEEOE I ARBI AL, HABRBAKR, RIEIRZ LS
BE 75t 1 JE AR M ELAS X TR A B R 77

FIH bootstrap J7i%, HEHFE 2000 K, X EATTREM REGHEAT M. BERIR

D) AREAEEN n BIFEA (x, 0 ), (x50, ), ANPETRIRIE S AIRE n I, 33 78— MEARE
A n FEREA, FRONEBIREA 1, 0 T IRAGEAEX (x,,y,) » fEEBREA P REHBIZ K, AR ILE.

2) HBBIFEA 1 AT /b k=i, At RIS 8, AgHes ¢

3) EE BB m R, BEI4,0,0,  BEEAKTH 95%, WAL, b0, 0, MNEIKHRF, B
18 XA Y X HEI(E 0.975 73628, F 0.025 7-Ar %)

MR LA LA HL, K] Bootstrap T3 21 [EIA5 4, HSHUGTHIIELS X IR ZE R UR (W4
4)o PR, SRH bootstrap VEEE S BEIRTH AR 2 TF A SR A IR ARSI A LS 47 (0 Sk — B OGN A B
TR R YR T A R I S i R AP KR 2 BH R e — 70, BERTH AR 042 1 0.03 7051 0.5 7).

5. EibEWN
H BB HE 5 25 R SR M TR 36 R AT LA, ARIBUN REXT T 2805 () BTk 5 26 B AR [ 1 R JR
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Coefficients:
Estimate Std. Error t value pPr(|t]|)

beauty$jingjiscore 0. 3007 0.1151 2.614 0.018817 =
beautyS$ar.1. 0.9809 0.2203 4.453 0.000401 ===
beautySar. 2. -0.2906 0.1890 -1.537 0.143714

Signif. codes: ©0 **%=' Q.001 ***’' 0.01 *“*’ 0.05 “." 0.1 * " 1

Residual standard error: 0.4073 on 16 degrees of freedom
Multiple R-squared: 0.9508, Adjusted R-squared: 0.9416
F-statistic: 103.1 on 3 and 16 DF, p-value: 1.121e-10

Figure 9. Regression results with the introduction of hysteresis
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Figure 10. Residual Q-Q diagram
E 10. %% Q-QE
Table 4. Comparison of Least Squares with Bootstrap
3% 4. ®/\"F5 Bootstrap LLE
Wi /N vk Bootstrap 772
BHIE TR BEEER BHIETH HiE LR
Jingjiscore 0.0568 0.5446 0.0306 0.5437
Ar(1) 0.5139 1.4478 0.6187 1.5880
Ar(2) -0.6912 0.1101 —0.7594 0.0579

SRA BRI ZS, £ 2005 5] 2010 4, AEHHAERITTIRR T RAK T 2010 LU, X i B R E T 4k
T RERE 5 ) TR B AN 220 G 0 FRR M AR AT 1 2 35 BRI, IR IR A S IR N B SR & [ 2R
HORA RO AR R B 22 DF - REVR-PR 5G9 mT BLRH AT $4ite

1) RSB A R AR A BEIR (0 [R5 7 e ok LA P I R b A7 A2 0 L, Bl n R R R4 A
SEPE S IR AN R R AR R A R, AT LR 9 B BT RV B SN B[ AR E, A RE MR
R S, WA AN LR 22 B AR P Rt /> BRI AR SR (R P ] R

2) ZREEHE LT, FEIIAR TR IR R R, PR AR FERT A R A AT F A REVR T
FEXT T2 58 A R TTHR A, HETT A B4R i AL REVRTH FE RO 2 DR AL 5

3) EESLAEIH AR PR EG M RIPP O AR A AR, B BRI AR SR BT I A, ANUAT AR A R
AT AP EALRERE, dnT PR — S B PP A

B oW
JEHE AR S5 O AR R RN RN B 78 By,  F) B 8 BT 226 5051 I SRR 2
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