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Abstract

As a significant performance venue of many major social-economic-environment problems, as
well as its complexity of resource mobilization and influence, city is a core carrier to promote and
implement regional man-land relationship optimization, especially for the resource-intensive re-
gion. The rapid development of social economic and the improved level of urbanization need a lot
of energy as the basis of security. This study takes the typical resource-based region Shanxi Prov-
ince as the research target, uses comprehensive integrated principal component analysis and
multivariate path analysis model, and analyzes the impact of energy consumption in the process of
urbanization in Shanxi during 1978-2014. The main characteristics of energy consumption in the
process of urbanization in Shanxi are: 1) The correlation coefficient between urbanization rate
and energy consumption is 0.985, which is very close, but the direct impact is only 0.109; the indi-
rect effect is as high as 0.876, so that the energy consumption of Shanxi Province is influenced by
other factors as “intermediary”, and the indirect effect is far greater than the direct effect. 2) Ur-
ban residents’ disposable income had the most direct impact on energy consumption, and changes
in the same direction. 3) The highest indirect effects among these factors are the civilian car own-
ership, and its positive indirect effect (1.893) is nearly twice to the negative direct effect (-0.976),
and the transportation connects all aspects of our life, the increasing of vehicles which impact
other factors indirectly leads to an increase of energy consumption. Urban residents’ disposable
income and Civilian car ownership play the unusual intermediary role, and through these two
factors others’ indirect influence and opportunities are greater.
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1. 5|8
SRR AN UNKIRE N E M, DU SARUHT R N A%, 52 8R4 a3 R R ST SR T O A
- GB% - ARESERRG], Tixt T RO, IR IR R ST 45 126 ZARAL % 0

AR, BAAERRIEIEE) R . W R AT R R S R EE R, BT E AN E R
HIX STt ee KK EE R E . ORISR, hESH W R, ol R RSO, ki oK
PR 1977 4R 17.92%32 = 2 2015 41 56.1%. {Hi&, EXMEBA KR mH LB LR
BT RS R 74 TG 3. BHRE RS — KA 2], 276530 ERAE @R 3]

W VURG BRI H W AR S TS, 21 e g N Rab SRR p K4, — AR FEar,
TR E 4], AER RN SR, A 3R T AN BE R B i A A R AT AT
Jones MANIG] A FE 43 #1173 T Ak 0T BE IRV 2 RIS Im, R LI T A0 38 n T A28 BRI (19 9 DA S AL HY R R
FE, 15T A AN S5 BE R 2 AE AR 3 I IEAH OGOC R [5]. Hiroyuki FH 2 ME 5K 1980~1993 14
PEHEAT 0T, 1S BIMRIZER[6]. 281, Ewing A1 Rong % 3€ EIR T AUAF S T H RIS, IANTES
N o, A KT 5 BE IR T 97 535 UM 5<[ 7] Lariviere Al Lafrance XN 52 K3 i A A B J5H 9% (1)
WEFCRAF AL B [5]. TRBEF i 1 H E R IR B I 2SR, &5 SR s I T 1 2 5 1 3 [ R v 2 i
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SR BEPRIN B X Ik 7 1 LI 3R (8] XUBEMEA I A 3R 7 A AR AL s Bl B0 17 Il iy peed v [
TR TR A[0]. ERAH 1997~2012 4 30 MG bR BRCEE AT SHIE AT, G RF WIS T ALt e
AL T A DL Ve (B R A 5 ) 557 T RERE B KR BESE N, A8 A5 T A xd o [ A e 9% B
AR IRV [5]o B A2 Je 25 AT SR WO A 5 BE VRN 2% 2 ML BT BB IR MR &R, (Bl
AHTFERPIPE LA BA AR R, RIEBIER, ST X T BRI 2 S ma i 1 P AL A &2 5%
RHB 7B FEA PR TN VIR AR A S 0 38l -5 REVRH 2R B0k Ao (IR T AL AN UG AR AT N ]
YT £ AT 2 R SO AR T SO I R, IS T AR A AR S AT ORI A A 2 YR . AT
FRMTEER MR, J5E W R IR . SCEAR PR R 1N 3T A SR AR AR AN L
T = NG L R R R AR A R RASCECON . R R AT
W RIHEAR, 2 07 2R G 25 RE T AL X REVRTY 2R s . sAh, 2 80wt 72 [ X ol 2 [H LA 2 i
A8 I T A b, JU s Z e DR IR M X R BE R B AN T AL K 22 T8 W A

L P8 A (3R T R R RE DR 2 (e AMELR AT — A, SRR TE . DA, T R E SR X,
2 R AN IR B RS, LA B, RGNESIR S BB, WX TR AR A 1R R 53
SRR g AN R 2 b D HRRE SR XN RSO T, BRI i A AR R R IUAE EATR 2 TR
IR T % AR T BT 464, SRR IR R S A A SR A Il 7 AR 2, TR S 1) R 0% S B U
T A A R SR B IR, PR T R ERB N BRRET S DR T R (B BEEH T AR b . TR,
THR. B e BRSO RREARE, (7iE EEIR ARG AE K, SR
FoAt X (22 0 RIFF ALY . i, BT B R E R R, ASTHEEEL. BIIR ™
ORI LD YA 2 5 R R BILAR o Xt L P T i P A R AN AR S B LI K i BE EE AL, 2010 4 [ 55 Be 1
AR BT “ 1 PuE H X RIR LG ARG B BRI X 7 o T X IR 58K e B LU 22 5EE 3N
I BRI RE M () 78 7 RO 2R A 4 BRI R 2 BUNBOR 5| S HESD B I AR Jg . ASHE T S 127>
AT A RERE A K BRI B AR AONE, W L P 3ok i e RERE 2R RPIR DL A L R B R 3, 95K
PR, AL RIS BRI ARG MM IR A, Rk L PG ST [ ) Rp s A e ) 75 )i it

2. HRXEER

WX A P AL T 3R b, SRR R R —, BN R CHARENE Y . SR, SR, BITE
VG R AR AS, o CSRECEIH(A IR T« RIS ARG . “BEREGER)” s 5
WERAFEWRESCE ™, Tig il PR b, KE = XA R SRS RS~ [10]. Ff, v
A TR I SRR BR VR AL S, O K R YR R B AT LA R A R R Tk R AL O
ML SR RPZIETE R, AN XM . AR, AR ERR R ESR, “CRIEKRE” LT
R CIBRERAE” [11]. AT, RIEF IR 2 X EIEH] 200 152 AW, SRR EAZ) 7000 AHi[12].
(HAFITE R A2 2014 4E 1L 75 48 MU X A 72 M 12,761.49 1278, =72ELE N 6.2:49.3:44.5; 11174 GDP # _[4F
[FLEHE K 4.9%, 2013 F0 8.9% 1 W 23X T2k, 7E4xE GDP ¥dHE& FEEcE—. A EHA T
2K AR G, 55 2R 50 S b 3 At b [X 1) 22 PR S IR a5

1979 4F, EZRAO TIE#BRIZEF @R UL “HKRPR " BORRIEHESD, S K,
SRR T G S 1 A4, 1990 FEIAF 2.86 4, FIIKFIER] 9.3%, HoRrE S EE L E
B 1978 1 15.9% b2 2] 1990 -1 26.5%, H&fm 1 10.6 NE 5 L7 A H3 T i 238 3
4.2%, BERMGKATFIMATRE. 20 2D 90 FAX, BEEREHIHRIGH mtt o £ Ll e i, v
TR ATV I8 52 7™ F i, R D s FP RS AR, 2000 “E 4B R P2 B A 2.5 20, AR TR IR R e
ERIGK RN -1.3%, BIE L TEE N IR R EIG 2.4%, Wik R SERE NN ERRER .
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2000~2011 4 [a], Ll P Sy 4 [ HE S R YR SRR S B, SR 7™ & 2000 41 2.5 AC M =3 2011
S 8.7 420, FIIKIE 12.0%, HERATIY 5 Tk EEEE i 2000 £ 26.9%32 %] 2011 41 58.7%; 5
SRR, 7GR AT ALK 3.8%, SR EMK RS —8k. 2012 4, [LIVEE G
11 AT 11 AN BT 85 AN B 0L — e AN H RSB 22 8 R 50%, 1531 51.26% .
2014 IR AT SR B 53.8%H% 1977 1) 18%H TiL =% .

FRER Pl ) A SR T L P T A AR, T B I T T SR AN AR AR P R R S AL A TR IR,
NRAFAKTF IS, Ar-AmH RSB OLE 1), 2014 400758 HR W 5% 8 808 22,897 Jilitx
JEEE 1978 4F3E 0 20,076 JIMibRARE, KT 7.11 5 AL HBEN 2193 bR, 218 1978 4 115
JIMERRAE 18 % A il i 2 By 867.74 JIMEARKELL 1978 AEIGIN T 795.21 JMEFRIE, K T4 11
i, FERWHREL 211.54 JTARIESE 1978 4EM 7.66 15 BERMIRE BEVE FEMI e KALGER 7 X B H
P T 1L 7 4 o T 2 [ R R X, R 7 o o A ] 25% 70 A, KA LUK S Ik r o SR R,
BB b T AT R« Rk 164 FI DU RAR G M IR o5 44 MR DAL T3 I LL = 75%
PAE, Ar=g W Rt AR R AR f O R R D A R, Ll N DT A 2R 1977
KT =, A ARTE TR SR E K v b v 2 KR B N 3 B TN ARV o, RANA
I B 1978 11 4.56 FHE INF) 2014 4 421.95 4, 0T 29 91 fi%.
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Figure 1. Situation of urbanization and energy consumption in Shanxi Province (1978-2014)

B 1. WiAsEm TR ARIEIREERIEN(1978~2014)

3. {RBIE
3.1. TR

ERr BT S T KOBOURARARBEALZ B 5IN, 7RG HUE R ORI V5 HE T BIREAL i) 8 A 15
o X B SEHAE ORI AT, RAIBCERELET %, B2 NIRRT — ) LA B E R R (F R B
ERT), SR E, SRR T R BAZARIE R T SR AE 85% LA b, SR T AR WL AT E 2 R B R
RN ERATRARIE R, A BRI T ARREVE[13] [14]. RRIE SN SR TH 28 i BUR 37 AR B3 —3L,
ERENKTFREPAAR, BREFBUEEZAR, MR, 8 7S IR 2% 312
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KIF(Y), PREE T 520 BEJR Y 9 S AR = AR An 1R R KIS & 505 B, THR S A BT o BAREE,
£ spss13.0 HOXF PR bR EAt,  THEAR OC R BUE R SRAFRAEE AR R o) B, $RICE RSy, RIHT m >
By Bt TTEREE KT 85% HIARME, LART m /> 32 B Brxs B (R AR AR AEL o P $ B = 1 70 S B ARFAIE AR A B
B E, K3 RE YR 28 4T
3.2. BRESH
4% 5 Hr(path analysis)f& 1921 SEHEBE - Sewall Wright $2 Hk, 7 Sk (5 A8 &6 R AR B HL2 50
W) A1 PB4 S A P — b 22 JE SRR [15] [16] [17], [EIS B BERE 70 A8 B 22 18] R R 5% R EL i 1) — Fh 2 e 4 it
ST TIE[18] [19] [20]. EFEMk T 2 JutHR AT T 2 MR R AR CFE R o il T & HAh AR S 1 5 me
BB T, W R T2 RN e TR DA R G G A, AR R A RS AN B B L
BBRIEA21]. AR5 BT R AE 2 Jo IR A FEAl KA OC R 800 o BLEAR RACE — B AR R X AR &
BLAE DA B2 R A (% B AR sl i A B AR s R AR s R A E ) . Bk R R
1) MIEEARE Y KT X, (i=12,,n) MEER TR
Y=0,+a X +a, X, ++a,X, +e (1)
2) ITHEEE R (path coefficient):
ﬁi}’ =q; (GXi/GY) 2
b o oy 708 X MY BIRRHEZE, By IR AR AE (i [0] U5 2R 25 B il A R 8L
3) X, 5 Y WK REL riy WA 7, — 8 B REL By, Fom X0 Y R EIEE W, —5
N riBiy Fos X@id R X0 Y g . B
Ty =6 By +1nPay o+ 1,8,y 3)
4. SKUES R
4.1. BEIRIHZRNER ST S
KRR TEE 1978~2014 10 0] /7 51 ZORME N EREE, 5 v, vor y30 va 0 HRIEIRTE &,
AN H R, Amd iR E, ERERE, WHITERS ST ). RIEHD m FIEEFRHE,
B E A ZE TR AR F] 92.628% > 85%MER, A& TIRIMARTIIZ SR E R, Hik
PIEARE B R S B 7.372%, (FEARAEHE N T . el 2 F TR RE 0
Y =0.2681y, +0.2662y, +0.2602 y, +0.2439 y,

Table 1. Process of principal component analysis

F 1. ERSOEE

Total Variance Explained

Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 3.705 92.628 92.628 3.705 92.628 92.628
2 0.259 6.482 99.110
3 0.027 0.679 99.789
4 0.008 0.211 100.000
Component Matrix
Component Y1 V2 3 Ya
1 3.705 92.628 92.628 3.705
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4.2. BEDH

WA B R AN ORISR R, R M0 A A 3 T M S oW i R . TR N 1 [l Tl 4
HEGTR RS TS ANHL AL SRS Z TN Z[S] [22] [23]. AU E3 sk
FERS T K RARRAE R, KRBT, Wi AN AR A& —AN T, EEER e T
BRI S I A AR b AR, R A B — AR TR T BRI N E 2 SRR AR, W RAT
M B4R HSER SR ER SR S ER24]. gL, WL E R SRS
AARAAB R, RS m T2 FEALSIF AL, ik, 7EFIH CNKI $d £ £k
KT IRV P AR RT3 e v i 2R AE b, AU S L RN B 5777 (25] [26] [27], HF4E
P88 R SE BRI e N A2 () — = AL N SR B (XG) . B (XG) IREUE R AIIE
EARX) WHTERA SR XG) s BARARFERAR N AH(X) . RAAGFHA E0G) SRR T K
M E AR, DA o B SL R e R T 2% 42 1 (Y) AR AR B, R R AR 2 AR 1 AR B e U
TH B 10 BB R AT (R 2 SRR . B SRIE T 1979~2015 £ (hESGIHES) QUTEESGIHEL)
(PEMTSIHES) o BASRENT:

1) MEREAR Y KT X, (i=1,2,---,7) FILERE T L

Y =0.109.X,—0.005.X, + 0.204.X, +0.311.X, +1.302.X, + X,—0.976 X,

[ ARERLEIE A AR, Horh R?=0.995, BEBIRLALIOIIG EARRIF, A AR R RS ARRE 99.5%I1
RAZR AL F =836.481, FISRUGIE RSB LA B2 MACR, H Sig. F=0/1NT0.05, 15 B R
SARZE R R T IR, WU (L 2).

2) THE B RIRbR A A O RECEFE ry (W3 3), RS BRI ML RE ry, #E— R
AE) A B REGERE By (LK 4).

Table 2. Model Summary and validity test
F 2. BEANMRE

Model Summary
Model R R Square Adjusted R Square Std. Error of Estimate Durbin-Watson
1 0.998 0.995 0.994 0.078 1.102
ANOVA
Sum of Squares df Mean Square F Sig.
Regression 35.823 7 5.118 836.481 0.000
Residual 0.177 29 0.006

Total 36.000 36

Table 3. Correlation coefficient matrix of influencing factors

3. FMEREREXRBER

HAE X X X Xy Xs Xe X7
X 1.000 0.887 0.884 0.983 0.952 0.925 0.904
X5 0.887 1.000 0.706 0.853 0.781 0.930 0.738
X 0.884 0.706 1.000 0.895 0.979 0.742 0.996
X, 0.983 0.853 0.895 1.000 0.953 0.891 0.904
Xs 0.952 0.781 0.979 0.953 1.000 0.814 0.986
Xs 0.925 0.930 0.742 0.891 0.814 1.000 0.770
X7 0.904 0.738 0.996 0.904 0.986 0.770 1.000
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Table 4. Correlation coefficient and path coefficient between dependent variable and independent variable

T4 AEESETENEXARNBERY

TiH X X, X; X, X5 Xs pe
X5 Y MAHSR REL riy 0.985 0.835 0.907 0.991 0.968 0.872 0.918
X5 Y WIBZE R By 0.109 —0.005 0.204 0.311 1.302 0.041 —0.976

M4 v, BRE X 5RAEE Y KRR iy RT 0.835, B HAE 5 KA 8K ER S,
DR R/MK g AR RASIE BT (X)) > AN E ) > 38 R SR Xs) > IR
REMA R > MBECHXG) > HARBEEBEAR A B > =M A G E (). HEZ J6/E I
SR, FHOG R BT REAS BB B2 10 S e HE P A AR S A) (A DG, ATt A A 52 8 IR Wk s F AR & 5 A
R MM AR . RN B R Z AKX RIRE A, WRERZEIA LN EREN, NEES5HNTE
A OC RAECH A Hofh 0 MR RER, ZHERIME RN, FEHERAR ¥ 5 X ZR0Ee R
MEF T LLE RN R Y5 X Z AR A REO/NBT A 300 BT SR (Xs) > R RN E
BN > WECCHWG) > AARTHZEN) > BARFHARNRE(X) > =/ A A Gt E
) > RARERA RO, HH =ML B AR R A BN EAR S IR 7% 2 18] 5 17
AR KR. ALE XS YINEE RS REANLL, AL R AT AE, 17 HF 5 AR,

TG, 3T B AT S SO RS R N 2 4 2 TR ARUZE B Rl L e R T R HEFE R 21, U B S
PRI B 1) SRR R AN R IR TN 1 B, TS T RN R AR TR I T AR AE BE 2 G IR IR
A 7 RSN RT3 AR R BN 31 2 T APUNS RE RV B B B ok, ELIRI R ARAE, D 3 T RSN 7K
PRk, THIRREARTE, I TSR, TEREMYIA . AEERMEERISE, I B RER A
SRR . R IRE R N R R B A B I = 2 T e rp g EE Y — I, B AR TR AKCE 4R T
RERTE RN, REVAEMG RE—CRE DRI TR, @5 R8080, HHEEER T
WK FRIR R R, B s, 325 7T ANREFEFIICE, RS REMEARE, H3)
RV FH 2GR I3 i, 1T DAIE M REVRTH 2, SERPRE R U LT —A =B EIEA R —ME KA,
R ERZHEEZNRIET R, 70%005%. B E RGN, WL, SHPcRis LT
ZpEHE PR R . =AM N B S T B IR T KR, @A RECN L, IR E
W AGHERR I TS, TFAG SRR BRI A5 SR BE I s e mkERE =k, TR T LR A 0, 42
FHEE R AL T TR 5, (RIERHELAET, AT /D REVRTH 9% .

3) WM RN EEE. FERLE S), JRetlEEERLIE 2). 758 R m R Z s 9 R
WA, T AR AR R R E AR AR R, =V1-R* =0.07 , R,y IR/NULBHEZ AT AR &
EH LMK R T SR REVRTE o I R 2R (28] [29].

M5 FOPE 2 AT, AR F REVR Y 2 S N R R, 3R BT R T IR AT SCRCRON X
Har 6 NAARE X6 Y S BSOS AR I, 15 BH 52 PR 25788 K PR R TG 12 6] R RV B 1) BB RS A
TE I A2 SR, 3 I Xt JEAth DR 28 P 5 M e 248 34 B RE VR S K3 i o v, TR 280 B v 1) A2 RS VR 2R 4
AR, JFHIEMIAEERLN 1.893 A7 ELEE LN 0.976 MIWifE 2%, 2238 7 R AT A 77 A 3 4% J7 T 3%
BeAo R, RG22 M A A 1R T R VR I R IR .

MR RERH 9 (0 DN R A S A0, T HLAR 22 DR 3 0 2 A LSS I DR BT o N TR T AL e () = =7
WA EEE ) WBGLH(XG) SRR R E A 3R E RS ARN(Xs) s FHARRRERAR N
RE(Xe)~ RATRZEIIA (X)X S 5 B2 e IR 9 oh, IR I A1 368 b JHC A 28 8 ) 2 52 il R 2%
B0 N DT, 3T N O3 0 B T S TR A B AN, S SRR SN A,
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FIRESHE RV RN, SURBM AR TR N, 18145 51 REVRY 2 B R A0 . @i ik
T TR AR M. P 2 . gl vt s, N D AR REVRH 2% (10 S A NGE F) 0,985,
RKEAHEEY). EHEREIMCN 0.109; [AHEREZHEI NI L 0.876, Ut BTt HoAt PRz i «
I 7 R REVRIE P A AR AR Y, T LIRS KT LR . BRI JE R SRS X B LA IR AL
RER TR NAL, Hofth 6 NEARAGR AN K T H BN ST = NG E . 3R
BHEBORN GAEE TR AR B 18] RN 328 KT EAT TR BEUR T 9% i BLAR AN o U BRI RE IRV 2% (0 8] 3 B
2ok, ARk, MREZRE 5 REAH TR R MU PSR . FLBCREAS B AR i i HAt A 50t BE i 9% Fr 1)
BRI, f i AR £ AR T i BT SO, HVGR R R, —H XTI 2% ¥ a2k

JS2 73 552 0.968, 0.918 (JLIE] 2). L/ H AL AT REIRTH P4 50 R B R I, 2 SR R B A P IO

Table 5. Direct impact and indirect impact on energy consumption of influence factors

5. FIMERXEERHE BN B IAEES N

- XERE XG5 Y (19 B W Xi%ty Xixty Xixty
" X Xo X; X Xs Xs X NERE3 S IVANISIHIEe 5 { VAP S
X - —-0.005 0.180 0.306 1.240 0.037 -0.882 0.109 0.876 0.985
X 0.096 - 0.144 0.265 1.017 0.038 —0.720 —-0.005 0.840 0.835
X; 0.096 —0.004 -- 0.278 1.274 0.030 -0.972 0.204 0.703 0.907
X 0.107 —0.005 0.182 - 1.241 0.036 —0.882 0.311 0.680 0.991
X 0.103 —0.004 0.199 0.296 - 0.033 -0.962 1.302 -0.334 0.968
Xe 0.100 —0.005 0.151 0.277 1.060 - -0.752 0.041 0.831 0.872
X7 0.098 —-0.004 0.203 0.281 1.284 0.031 - -0.976 1.893 0918
AEVRTH 2t Y
A * A A *
T 0.835
0.8‘76 ‘ 0.84
0.907 0.991 ‘
bk bbb g
0.968 0.109 e g M aaa o 0.918
, 0.872 b -0.005
P
0.703 0.68
| 1
X1 | Xz\ X6
) 2 0.204
—a X3 —a
0334 £ 1.893
0.831 ‘
|
I Rowiin
1302 St ol 3.«"",,';2' - I I u«t“"
S T gme 1 ars a0 g e -0.976
0.041 :
(X ! &

Figure 2. Path diagram of coal consumption

2. BORHBERE

DOI: 10.12677/gser.2018.74035 310 AL


https://doi.org/10.12677/gser.2018.74035

FRmeEE, £

ZR 1, REMRL PE BEUR B e oG HE I IR BRI T e BRI SOOI AR R S N A% E R
Yt SN R ACE RN B ZE SRR, ER A QIR RN, RES O, RAR
A B R AR S b ) — /N R R, SR T R A O R, (ER I B 0N DA R
A PR R A REUR RN A A T, SERPRE EEOR UG LL Y A R B HIFA R — M RE, dRILt
FE L EFK TR, 70%0850% . L RIash, FREE, SRR Ui
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