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Abstract

Based on previous studies, this paper adopts grey relational analysis method, which is based on
the data of Hubei province from 2006 to 2016. By technicians/general practitioners, R&D expend-
iture/two indicators of GDP, the technological progress in Hubei province has been measured. By
calculating the grey absolute correlation degree, the grey relative relational grade and the grey
comprehensive relationship degree, between the growth rates of the two sequences and the re-
duction rates in carbon intensity, the correlation degree between technological progress and car-
bon emission reduction in Hubei province has been obtained. Results show that the technical per-
sonnel/general practitioners, R & D funding/gross domestic product (GDP) growth and reduction
of carbon intensity, have very strong connection between the relational grade of 0.9586, 0.8682,
respectively. This shows that technological progress has a catalytic effect on carbon emission re-
duction, which further promotes the low-carbon economy. Therefore, Hubei provincial govern-
ment should increase investment in technology research, encourage enterprises and research,
develop high and new technology applied talents, and increase capital investment in technology
innovation, to provide decision-making reference for promoting the development of low carbon
economy in Hubei province.

Keywords

Technological Progress, Carbon Intensity, The Gray Correlation Analysis Method, Hubei Province

AL B R P R AR  E

LT
LA T2 &P ST BB, Widb #liX
Email: 1458688754@qg.com

ks H . 20185 H2H: FHHEM: 20185 H17H; KA HM: 2018F6H4H

SCEEG| ISR, WAL ORGSR S N B ). AT RS AR, 2018, 8(3): 137-148.
DOI: 10.12677/5d.2018.83016


http://www.hanspub.org/journal/sd
https://doi.org/10.12677/sd.2018.83016
https://doi.org/10.12677/sd.2018.83016
http://www.hanspub.org

T E N

m =

ACETRIARBTT, RAKGRBE S, PUlit&2006~2016F KB AEAM, BEERAR/
BAIAR. R&DZ% /GDPH/ M e RIUEM BRI ARIESL, 55 EFHAFF B K18 SHRER
o E PR PR AR B 2 TR PO AR EEL A X SRR B L AR B A 0 SRR R DA IR B g B R BR R, BRIWILE RS S
BRIBHERBAEE . £RER: BARAR/EMILAR. R & DEF/E A LR SE KK IEE SR HER
R FE I PRARIE B 2 T LA SRR SR AR Bk I, SRE RBRE 2 71250.9586. 0.8682. XK IR D F BRI
HEEARBEER, BRREE G E— SRR ET. Hik, BB BRI K S SR AR ARB 5|
RIBARMBST, ERARCFFAHEIMAKEEHAN, NEAB LA RBETH R BIRMRESE,

KA
BRHES, BHPRGRE, KEXBEESE Wik

Copyright © 2018 by author and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

AR R RN E IR A E SR, BRRRAH R R REEEH. WIbaENRECRE TR E
WAL, RGN, FBARIHR, RERBOEZEE R, MHRE 2 R a5 R B SR
[B] ¢ R ) B E G A7 o Johnston Z5[ 1]+ Treffers S5[2 0 3 4 b I BRHEBOGR FE T T RGN E Y, IR
I AH R R AH SSBUR T ARSI BR HESCR S, PRI IF U6 K 3R B R JRARBREL R . IPCC i thdg th, 4
AR I A il = SR HE ORI SR AR 55 1] /Y B B AR . FL7E 1999 4EAFE %3 Goulder 1 Schneider
B E AR D CO, HEBUZ MR RIAT TR EA WL, B H T R R 3 mT ARG 52 bR 1Ak ek HE
(1) GDP AMILE 1, [N SRR AR D 2 B d (Y B BRI R [3]. T h[4]. (@ISR 7RI, #r
REVRHEA R B E R IRHE A% 03 77, FAEELIRGE CO, HERCRT LU ik 3 hn 5 IR FH RCR R SE8 . KRR ME
G ) 3 B R T ) gl A 2 S B AR B A A e Uy R BN &R K 7 3

FrhgE, FALKSEHT T R E A AR S SRR RO R, e R R R A R R A A,
TRBBARELD, B —E AR [6]. BRILSEIE K B ORBR R RN B AR . P gt Reli Al
Nk CO, HERBRE IS, 13204500 ERARMEE . POl g MmN D =AE RS, JiE 2 mHER
SRR R, EREIRZ[7]. RERSEUIRERAFEX . AR BAEEE, KA DEA V& T
B, HEEMEREAE T BRI BHEBUR A B B HIE 8], a5 KM ML fe%0%, ME IR
[ 1987~2009 E[A], 28 NE WAL, X7 BEIHE TAF T BA D B i 00 STlR HEAT T T AREHE 1 =k
WEM T, G507, HARE GHEN SRR H AR D RO, BHE D X AR s FEA B HE G 2 T 1E R
M, (R HRH E: FRE SR AT R M EE AR . REVR 45 M T S5 07 T AT 10 BEIcHE ) TAE[9]. Z2VbvbHI
AFEH DEA f8EULINGE A %, HEBERE = R(TFP KA EH AR S, WRB AL SN
W oAy, RIS CO, HERUHEE 1 A AN E. CO, HEUE &, HTHARBEL RS . Bhas AN T HE T4
WAL, g5, FHIME ARSI AN co, Hsca MmIER, FUIbEnE AR AR, Kk
SRR e RN R AR HEN10]
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] P 71253 SR AN [] (R 56 7 ¥ 08 52 T e FIE TP TR 3R R AT 7R 9, A3 SRAR I B R I PR T 5 i i
HFBERRF BRI D . BRIREE ) SN 155 R 20 B i s e k. Rk, b4 1 R Ak
KBRS —, RHAKOFEERE 73 H17%:(Grey Relational Analysis, GRA), LEL#IIE4 2006~2016 £E ()
HHiE Sy R 7 B A6 A8 A X B R 1) B R, SRS T H e KR A T WU S %

2. XS

AR G0 TCIEAL T AT B, IRZR G A 3 LA [ 5 O (R B 20 B W] R R R TE B 2 0 21
PR B R G IO E TR RRARBR 22 5 1) S B L2 PEAR B HE TR, T LS v A 5 R
BEG . BHEGR A OC R E D Ja ISR R AR S Fiabm I 55 0 W B8 Sl

2.1. SERHFSHEXBRS

2.1.1. HiR#L

BRI RESA T U SR X o | SCBEAR 3380 52 48 HR BT B4 1 25 % 20 R i AR 3R A sk,
— PR SR P RO AT . R R R AR . LA A BRSSO S 1], AR
HOPRMEE R BRI RIER, U RERARERNANME S WNESCRIMAEE, LA G ERAT
RN GUFT 5 B EC I AN IX A2 7= BB T R & D 22 9% B o5 1 U PR A SR BRAE il AL A BORBE B Fa bR . XA
Ebr AT AR B s et T8 A6 48 BUR A AR A8 (R AR ST B 155 3 (12], W68 ZEMR R 7E (1 4%
N> ARBHIKIRE TR JE -

2.1.2. {REREHF

RBRETE” WD m R RTH AR AT KR — M, U RENHE SRS, BidH
AT E T T 34T G038 A Hr BEIRTT &, seBl =AY, 80 mr i Be YR RE S iR = AR HE, TER A
BUME R e B 5 PR R R, T S —Fh ARG R .

WAbA R T RAE, . M A RETR I S R B AL R B L B O R R R BBk, BT
TRARE W & R S Ab 8 B SCEE R, IR b 24 T A SR A HE 25 o) R HE P 52 i ] R i A 48 FE sk o
TR, BF— e SIEH.

2.2. S5rHEGRE XS
2.2.1. BRHEHGEE

T HE R 5 A5 [ 9 A 7 SUE(GDP) SR I CO, HEUR LAE A2 p= il . i — AN RAEL B K
i, &AL GDP FEA CO, HEBURAE R %, 10 B IX N 55t & — i hR & AR 2. A Sl S b 4 s
GDP FIHEK P R H) CO, HEAL R, KT = AR LWL 2006~2015 F KRR AT KRR .

2.2.2. BRHEAE

TRAE R ST RETR IR e CO, HERCERR LLRETR A &, HR4E TPCC (2006) & A HIEE vl 1, & Fh eI
CO, HE REUE [ 8 AT A SCIm I S0 A6 4 T RE F) = EREVR IR EEAT &, 1T E HWIHEE 2006~2015 #Y
BRHEGR I, BEATERE T, W AR B S WA s i B Jb 4 i+ — 4 AR o HE ARSI
3. T GRA REFHIt A B AR5 80 TmHES R &

3.1. BIEERUREXIERFNE

3.1.1. BARFLIEFRERURHARIEE
ASCLUHAL B FARN G M AT R & D 28 3/ X E R A I S 10 48 SR L B HE AT,
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AL A it R E M EERAEE 2007~2017 SERIGTHES, (PEBEFESTHEL) (2007~2017), LA 2006
TEREEL, TP EASCTRAR I AR EE

1) BEARBERAN G WA 2006~2016 FHIF AR RN BAHSFEIR WLE 1.

He 1 A4, Wb 2016 SERIEARWT R A GA 21.83 75 A, HHEL 2006 £E11) 6.26 73 NG T 248% 45
Ry BEARNG/EBIWAN TS EFEM A IGK &S, KPS Wb R B B R B, ok
FARB DB B R, oA DUE b A =R B e 7 36l 9 B R B AL i+ —
SEHARTE RN A BIEKAE G, 0] T A R N RS R, w1 R,

2)R & D &%, R 2007~2017 FEGIHFELEH K R & D &R IEHE, Wk 2 s,

Table 1. Relevant indicators of Hubei technology R & D personnel from 2006 to 2016
= 1.2006 F~2016 FHIL B R AT & A B XIER

4y ISYNIIN (VPN BARBEEN RN BARN RGN T b AN )5
2006 3564.00 6.2616 0.0018 -
2007 3584.00 6.7902 0.0019 7.84%
2008 3607.00 7.3042 0.0020 6.88%
2009 3622.00 13.168 0.0036 79.53%
2010 3645.00 14.2683 0.0039 7.67%
2011 3672.00 16.6357 0.0045 15.73%
2012 3687.00 18.5703 0.0050 11.18%
2013 3692.00 20.5172 0.0056 10.33%
2014 3687.50 21.8094 0.0059 6.43%
2015 3658.00 22.0977 0.0060 2.14%
2016 3633.00 21.8322 0.0060 0.00%

e %2004 FAEERYH, BHALE E A EER AR HER B IR, RS RN, #7E 2009 4 R & D A G di S A A
Gy B B[R]k A B i K

Table 2. Relevant indicators of R & D expenditure in Hubei province from 2006 to 2016
% 2.2006~2016 FHAILE R & D ZZEIAKIRIR

FAy GDP R & D £33 H(1275) R & D %4 %%/GDP AN
2006 7617.47 94.7512 0.012439

2007 9333.40 112.4990 0.012053 -3.10%
2008 11328.92 149.0636 0.013158 9.16%
2009 12961.10 213.4490 0.016468 25.16%
2010 15967.61 263.7885 0.016520 0.31%
2011 19632.26 323.0128 0.016453 —0.41%
2012 22250.45 384.5239 0.017282 5.04%
2013 24791.83 446.2690 0.018001 4.16%
2014 27379.22 510.8973 0.018660 3.66%
2015 29550.19 561.7415 0.019010 1.87%
2016 32297.91 600.0422 0.018578 -2.27%
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Figure 1. The relevant index bar chart of Hubei technical R & D personnel

1. LB R & A SRE K IE ARt E

H7¢ 2 A4, R & D 2% N3 A 2006 4R 94.75 127618 03] 2016 4E 600.04 12,76, 36 H01 T 533%,
A LAE H AL 8 BUR AR AR BT A& 5 T AR AN SS g, [E) I 350 B SR 5 2R3 b 1l (6 A = 3k R
rhORAE T BEEER . RIEERE, AT 2 fRRE, Wb T SRR R 3 7 T AR
N E U E T
3.1.2. BRHETE B K IRk Y

BRHERSR B IS . TR HERR L A R
WRHE U

TR HECE T = R (1)
R TPCC K AR MRRHE RS | ETE R, A () RsHEB R &R AT AR Q)T :
szcizinE ()

Hrp:. C——CO, HHlUE &

C—HREVR i 11 CO, HEUE:;

E——REIR i [y ok &

Fr——ReR i MIBRHEBUR L.

BRI A & FhRE IR o S AL AN, O T G — (8 T S b A, R SRR R B i 1 SR Ak )
— AR AR, HATH R 3.

FAREIR PIRRHE R R B 4 FioR.

RAE AN Q)R 3. 4% 4 Fral B IRIT AR 278 RECR CO, HE R %, AT LA H i
Jb4 2006~2016 FHIRRHERE AR, 155 5 Fis.

MR 5 R BoR, W64 2006~2016 FHIBHERGR FEE 2 T AR B ILE 3), Rl 2008
SELE 2007 FEIBRHECE BE N B T 39.34%, 12 A0 8 TR 1 — 4 T BRI IR FE S oK 1) — 48, BB T 2008
FEIIACAE B & T GBUR A AL AT R B CO, HERSIT I8 HS 155 J1 R s 2015 SR FRARI IR FE RS 2%, (A2
SR UL, WAL BRI CO, HETBCH FE H A P B A%, B Hk s P32 AR B P DA Hh 12 X1 RE R HE 3R
ZARFR R BUR AR 28 5 & e B AR FE B AR I, B BRI FRATT v it — D 0t 70 R AR 28 5 (%
DTHR -
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Figure 2. Column chart of relevant indicators of R & D in Hubei province
[ 2. #4tdE R & D @& XKIBIFERE
Table 3. Reference coefficients of various energy conversion standard coal
F 3. BRERINERERSERY
REVE A R RIS REPE A Pt R 2L
I (kg) 0.7143 gl (kg) 1.4571
R (kg) 0.9714 R (kg) 1.4286
J it (kg) 1.4286 TR (m?) 133
it(kg) 1.4714 FH 77 (kw-h) 0.1299
P (k) 0.5714
Table 4. Carbon emission coefficients of various types of energy
4. BEBERRABAR
AT ES W 23 A/ ELES W 23
JiR (kg) 0.7559 S (kg) 0.5921
FR (kg) 0.8550 HREHI (kg) 0.6185
J it (kg) 0.5857 FARS (m) 0.4483
it (kg) 0.5538 1 73(kw-h) 0.5800
Pt (kg) 0.5714

3.2. BRRHEBSN WFEE) GRA 128!

&RE XKD (GRA) G %
ARG P AR T R A SR IBR EABE TR PR AR €0 IR 23 M 75 4% » o p X SB[ 134 R S 3 1) — Mg iz
JSE IR RER W73, WSO P SRR R T2 46 i A R IR L, XD AR bR RER AL
ZE SRR BB 7 9 2 18] 5 S BR AR [12]0 B B A R A 5 51 i 28 T LT TR B AR AUURE P K R L
WRARRE [ 14], MRS, RonMRLY 51 2 (8] (SRR, e k) o i H R S - ot 2
AIRE, AL MBUE A7 B i 2518 A AL 7 W A 45 R A ARAT 5 L -

ARIE K IR Mt 7 I FURRHE I S AR RN S ML A 3T R & D 28 2 /3 X 2R 77 B E %
BRK AR, B GRA RS I () 7 510808, SRINSLHIIEE CO, HEBGR BRI B RIRE, WG

3.2.1.
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Figure 3. Carbon intensity of Hubei province from 2006 to 2016
3.2006~2016 FFHIL B RRHERMGEE

Table 5. Carbon intensity of Hubei province from 2006 to 2016
3 5.2006~2016 FA L EERHEBGRE

FEr BRHEEE R (107 kg) Tk {E(107 7T) BRHEBCE PRI
2006 8142.818043 74,540.70 0.11 -
2007 9023.703492 96,015.20 0.09 16.23%
2008 9075.281917 134,549.40 0.07 39.34%
2009 9745.154487 155,670.20 0.06 7.74%
2010 11,215.38061 216,231.20 0.05 20.69%
2011 12,717.21124 280,727.30 0.05 14.50%
2012 12,762.19259 334,506.60 0.04 18.74%
2013 11,220.67247 392,089.80 0.03 33.32%
2014 11,344.9763 433,938.70 0.03 9.46%
2015 11,255.58479 458,095.70 0.02 6.41%
2016 10,141.30201 487,667.10 0.02 18.15%

THEWIIEAE CO, HEGRE SRR D IR A SRR, BRI LT i1 Z I E R
3.2.2. IREHE RIKERE

B X, 5 v MK EMAB®AR—EZMFI X=[X(1),X(2).X(0)],
Y=[Y(1),Y(2),-. Y (n) ] 20 X 5 Y IOWHER, X5 Y RRELI KR o, #5:

_ 1+|si|+|sj| 3)
v 1+|sl.|+|sj| +|S, —sj|
5] =[S, (6) + 2, (n) )
s 2
5/ = Y(k)%Y () 5)
=2
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T E N

n—1 1
|Si -s;|= ;(Xi(k)—Y(k))+E(Xi(n)—Y(n)) (6)
IR AR R W] LR AT 22 X, 5 X IARBRR B2, AR SOl R e HE IS0 B 5 B gk 20 2 TRl 3
ARERE . HRERE o > 0.6, VLWIRIREM, R, WISKEREESS[15].
3.2.3. REMEX KBEER

Bk x5 Y MKEMRBYERAAE, X 5Y 15002 X5 Y G SE0E, WX 5Y 1K
AN RN X, 5 Y IR CAHXTRIREL, 1 B, -

] L+]si] +]s'] 7)
Y 1+|s| | | |s—s|
Hoof
§= :in.'(k)+%X’(n) ®)
)= Zr 0370 ®
k=2
5] = B0 (1)) + 3 (X ) ¥ () 1)

IREHAR RERE R X 5 Y AR T 06 R A R R AR AL BRIk T VRN P X, 5 Y
R, A ITBRHBORE S EOREED, B X5 Y FREREEGE,  f, 800, MRS E 2 (6]
MR RO D), &z, MEAR16].

3.24. MEBEEXEKERE
RS X5 Y KEMFEHYHERA T 0, o, B; 538 X5 Y BIRELS RIREFIR A K

WEEE, 0e[0,1]. MARHEAXG)MAN(T), wT uwﬁiﬁéﬁéﬂﬂ“.
7y =0a, +(1-0) B,

)

IROLEE REE R RE R I ZL X 5 Y FAHRE L, SCRESB S X 5 Y AR 46 IR AR A =R R 1

FEPE, RO A 1 S WA A6 A TeE ORI 5 BoR D 2 10 SO R 0 — MR AR AR[17]. — e Ol R
0=05, ATLAfG3]:

7, =0.50, +0.54, (11)

3.3. BHBIRMER R

BRHEIBCRBE T B S BRI PIRAR A EH VIR R? T HEH GRA BB SRR H8 5 H AR 12
WHFHRIRARHT GRA, I FAE KN AT b8 R BED SRR Z MR R, B R — 48—
PRI HARE /DN, FEBAEA RN S/ MO A R I KR . R & D £ 3%/GDP B KR Bk &R
FORHE FASCHRRR, BRHFR B FEARIR BORFRBABI A AR AR, @i GRA HTH5 A I35
FEARN G/ M 5% (T8 i B2 AR HE T i BE B AR P2 R TR S, R & D 42 3%/GDP SN 32 5 B
B3R BE PEAR R 38 ) QTR

Higk, MRAEICEMGEH S RIS, THRR G RBEE, THERRTS: RYEE o IR
R X =(x,(1),%(2).x,(3),.x, (n)(i=12) , 5 X XM Y BYIELE, G550 7 Bis.
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Table 6. Indicators data of Hubei province from 2006 to 2016
F 6.2006~2016 F#fdLE S UUEIREHE

FEy Ty O AR B2 Y WER N A HE IR EE X, R & D 2% 5 [ 4 A S E G K IR EE X,
2006 1 1 1
2007 10.53% 7.84% -3.10%
2008 21.69% 6.88% 9.16%
2009 9.93% 79.53% 25.16%
2010 12.75% 7.67% 0.31%
2011 11.94% 15.73% -0.41%
2012 13.62% 11.18% 5.04%
2013 18.46% 10.33% 4.16%
2014 7.23% 6.43% 3.66%
2015 5.74% 2.14% 1.87%
2016 18.15% 0.00% —2.27%
Table 7. The initial value of absolute correlation
= 7. @R REKERAER
Ay Y’ X,° X,
2006 1.0000 1.0000 1.0000
2007 0.1053 0.0784 —0.0310
2008 0.2169 0.0688 0.0916
2009 0.0993 0.7953 0.2516
2010 0.1275 0.0767 0.0031
2011 0.1194 0.1573 —0.0041
2012 0.1362 0.1118 0.0504
2013 0.1846 0.1033 0.0416
2014 0.0723 0.0643 0.0366
2015 0.0574 0.0214 0.0187
2016 0.1815 0.0000 —0.0227
TR A @RI A RSB EL]s,| Fl[s | 4T
|5, =1.4773, |s,|=0.4447, |5 |=1.2097

HIEAR©O WS |s, —s,|» HERWT:

|5, =5, =0.2676, |s, —s,| = 0.7650

AR A€ 208 S IBREE 2 3((3)

1+|si|+|sj|

i

P Xy X A1 Y B EL 20 RBRE 20 AN «

- 1+|sl.|+|sj|+|si —sj|
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T E N

a,=09323, a,, =0.7763

HI T R & D/GDP [y KIEBEAE 2007 4. 2011 4FF1 2016 FFH N GUEL Tl o, K.

W X XM Y KGRI R, AT
ﬁ%%7%ﬁ%,Kﬁyﬁ&ﬁﬁﬁ#E@@%T%%MEﬂ [STERASE

X! = (6 (1) =, (1) /3 (1) (3% (2) = 3, (1) /25 (1) (3% () =, (1) /6 (1) (= 1,2) W5 X0 0 X0 #1 Y H)E

ﬁmﬁﬁiwﬁ,m%m%8%T

TR A @)Y A RO B[] il [s| 4 SR T
|si| =8.0227,

B A R0 [s) - 57| Z5RanT:
|57 =57 =0.26765, |s; 57| =0.7625

=8.29035

'_
S| =7.

MR8 A B AR T SR BR BE A 7(7)
1+|s| | |

1+|s|+| |+|s -5 |

o

1B X X Y B R R SEIEE 43 1 -
B,;=0.9848, B,,=0.9601

WA LR A RIRE A1)y =050, +0.58, » R RAFHIH L0 IR AN AR (SR X IR FEE 7 A\

FH Xy X B Y B IR G 55 G RIRIE 43 53l -

7, =0.9586, 7,, =0.8682

4. ER5iTe

H A SC TS5 AT 45 I 148 SR 0 5 R HE R L A AR E A 0] SRBREE AR AR SR IR P AR (2R 45 5%

B, R 9 Fiw .

Table 8. The initial zero image of relative correlation degree

= 8. X REKENR TG

Ay Y Xy Xy

2006 0.0000 0.0000 0.0000
2007 —0.8947 -0.9216 —-1.0310
2008 —0.7831 —0.9312 —0.9084
2009 —0.9007 —0.2047 —0.7484
2010 —0.8725 —0.9233 —0.9969
2011 —0.8806 —0.8427 —1.0041
2012 —0.8638 —0.8882 —0.9496
2013 —0.8154 —0.8967 —0.9584
2014 —-0.9277 —-0.9357 —0.9634
2015 —0.9426 —-0.9786 —0.9813
2016 —0.8185 —1.0000 —1.0227
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1 E

Table 9. Correlation index between the two indexes of technological progress in Hubei province and the reduction of carbon
emission intensity

9. WAL B AR L RMIHEIT SR HRGR E IR B KK E R

Ei=2an IR A% SRR IR AR S SRR IR R
RN R 0.9323 0.9848 0.9586
R&D £ 0.7763 0.9601 0.8682
SEESECIRTIR

1) 2006~2016 “E[EHIAL AT AN 15 B MO T LU A3 Kig 5, S0 & B HE Rl B2 T B i
IR B 5 DRIRE N 0.9586 > 0.7, SILAEHE SRAICHME. T R & D &9/ A = Bl i KR E S —
AT HE TR P FAARCE JEE TR 2K 0 25 B R B IR R — 2, A mpBr AR R A 5% TR A% CO, HEUR A
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