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Analysis of spatial and temporal differences and equity of ecological footprints of

provinces along the Silk Road Economic Belt in China
YANG Yi", FAN Mingdong
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Abstract: Evaluating the degree of equitable distribution of regional natural resources is the basis for balancing the
relationship between socio-economic systems and the sustainable development of ecosystems. Based on the ecological
footprint of the Provinces along the Silk Road Economic Belt in China from 2005 to 2016, the spatial and temporal
differences in the ecological carrying capacity, the ecological footprint pressure index, and the ecological footprint depth and
size were analyzed. The Gini coefficient, economic contribution coefficient, and the carrying capacity contribution
coefficient were used to construct a fairness evaluation model for the ecological footprint. The results showed that the per
capita ecological footprint growth trends of the provinces along the belt were quite different. The per capita ecological
footprint of Xinjiang, Ningxia, and Qinghai provinces were significantly increased, while the increase seen for the Gansu,
Shaanxi, Guangxi, Yunnan, Chongqing, and Sichuan provinces were not significant. Compared with the southwest
provinces, the northwest provinces’ ecological footprint increased faster, but the per capita ecological carrying capacity

hardly changed. The ecological footprint pressure index of the provinces along the belt showed a slow rise, and the difference
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in the ecological pressure showed a gradual expansion. The ecological footprint depth was greater than 1 with a slow growth
trend, while the ecological footprint size had changed a little. The economic contribution Gini coefficient and the ecological
carrying capacity Gini coefficient ranged from [0.15, 0.23] and [ 0.23, 0.30], respectively, which were both lower than
the “0.4 warning line”. Among the studied Provinces, Shaanxi, Sichuan, and Chongqing were identified as provinces with
a “high economic contribution and low ecological support contribution”. Qinghai, Yunnan, and Gansu were provinces with
a “low economic contribution and high ecological support contribution”. Xinjiang, Guangxi, and Ningxia were provinces
with a “low economic contribution and low ecological support contribution”. To achieve a balance between the socio-
economic systems and the sustainable development of ecosystems, appropriate policies on ecological construction and
environmental protection should be proposed for provinces with different economic contributions and ecological carrying
capacities. Further, spatial management and control capabilities should be strengthened, regional integration and
cooperative development of key developing district promoted, inter-provincial industrial collaboration advanced, bilateral or

multilateral cooperation mechanisms used, and the allocation of regional natural resource should be improved.

Key Words: ecological footprint; ecological carrying capacity; Gini coefficient; economic contribution coefficient; Silk

Road Economic Belt in China
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PSS R T T IA D], SEIAt R U S AR AR R G AN AT A R R R BT [ 2 9 2 k2 T
R R B PRA, 1248 0y B AR ARSI S AR IEAE AT 32 B [ NN ST, © @O 22 4 2 i 28 5 i i
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5= TR A B (AR 5 (2006—2016) ) ( [ el
BB (2006—2016) ) LK b 7 Gi R [ 4 %R 3 wELRZ e
R E 7 W 3 N A R A 56 - i 28 R B 1) 58 A e A B1 hELAZREFETEENHRE

CEtEAN B, Z TR 10 FEJFE—RK B + %R A, Fig.l Location of provinces along the Silk Road Economic Belt
DRI, 7R A AR B g (R, B2k 1 Hb g n China
K A A O B s AT

SEUYARYE 2017 4F 2 BRA S 38 W ( Global Footprint Network ) & i 1) { Working Guidebook to the National
Footprint Accounts ) 15 Z AN [F] 27 4 b [ AL A £ [ 7~ 5 7= R 7 (3R 1), IRk A S RAR A IH @ 4k A
RETE I, 7K H UH s R T b

®1 FREEBTHEHERFHN~2EF

Table 1 Equivalence factors and production factors for different types of land

A Bt M HHl Kk AR AR
Type of land Farm land Forest land Grass land Water area Construction Fuel land
17 KT Equivalence factor 2.52 1.28 0.43 0.35 2.52 1.28

7= 1 B Production factor 1.32 2.55 1.93 1.00 1.32 —

1.3 ARSI A 22 SRR

A 25 3 (Ecological Footprint, EF) J&: PAWEE T #E M B2 5 Bt 43 BT XI5 AT e R K19t A [m) [ 9%
AR T G5 — A BE LIRS SR P R 0 A DR 1 46 DX sl P 9 VR 2 e Ak Ay T B 4 kB g
R Bl Tt A0 A 0 A 7 P T AR DR B A A5 225 R (R Rt L B A 73 23 sl R A Ak e A 25
FREVEEZ N TR S R P AMBR S A 5 — AN TR] R AR DS A s ) A ey B — K ) e EL A 4
FRUPO B A e AR A RS A PR S it e 1), AR R AT AR
e (1)

A;

L EF ARSI N O XN VR of W ANIIARZS I, Q5 i PR R AOTH St r 0% @ b 28 A
ORI IN 5~ A SR o R 2R i A R R A 7 BB D, i AN )T B R 20

H: 257K 3 71 (Ecological Carrying Capacity, EC) J&=38 BE#EHE LA NS M £ 9 28 =k 4 Hb i T AL A Y
A TR AN

EF =N xef=Nx )
i=1

EC=N X ec=N X ZAjerij (2)

Ko EC WA RAT N WK B TR ec A TR A K% R MR TBL, -y 5h 310
5 j b L M AR A A R A R
H S S35 %0 (Ecological Pressure Index, EPI) PA“ 25— IR— A7 MG R G0 0 HRl, [ AR5 5h
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PHPRZS . EPI>1 B, WU A 25 R e A 25 22 A i U 2
1.4 —4EA 25 R il s R R TR

A ZS IR AR 2R A SRR S0 AR A BRI AR B R AE AR BE YRR A ik A B0 FARBEAR T SR
(1 AR, Niccolucei S5E A A5 TR B 5 A A5 R ) BEAR A 1Y = A /R A5 AR A 0 R B VR BE R
ARG ARSI LA FOE AR A ARG B BT AR AR, BRI S X AT i ORI, i
JUREFR FUAR P TR RS NS B AR BEA A o5 /DN, RIS Sl BEAS i o (9 R FHIKCOF 2 A2
PR S A3 R R R AU Y

ED ED, max(EF, - EC,,0)
EF . =1+ EC =1+ ZEC =1+ Z 5C (4)
EF
EFsize = (5)
EF

depth

N EF 0 IR EF R 30 BE EF 5 © 28 LR AEZS R E, ECON S @ 2R L AR 50K &, ED
RSB (RT) IRAESERB T EC SHEBREM EF 222 W ED, R4 i XM AS KR, —BELT, A
G SIHFEE SE N AR EA TR TT G . M BEA U A o DT AR I | 3 B e ) B A A i O THAG . 72 A AR
PEAHFEAZRFOLT , BEA Tt I FE I I BEA A i I FE 2B
1.5 AR AT A e bR i

e %@(( Gini Coefficient) T8 S R — A E R e g X R R A E T . NIRRT A
ARSI 5 R 2 W] B DL FCAR B N FH LA oR A e A8 24 i £ TEE RO BRI T AR B 7 220 STk Ak JE 2 8K
SRS R R R A RN .

Gzl—i(xi_xgq)(Yi-"th) (6)

X AR RS © D D A FHEPEN PR B3 A 20 L, YRS i DA A S R Zit A s, Y i=1
B, (X, Yi)=1(0,0), BRREBBETE[0,1] 2], HeJE BB/, 3 W] 25 [a] S MR P ey | S 22 ) ek
{2805 2 A G NG W /A o £35- 1 B I e 1 B (WA ESI NS BN - /A B e A i RS SR i RPN S
P KRS E St it ] (United Nations Statistics Division) \FRB 4831 5 ( Eurostat ) 255 77 W3 | A% 21 X ]
R4 . PRI, AU 0.4 3k fe R B ek 7,
151 ZE ik R HmiHA

DA R T2 A8 1 o R AR IX A 285 3 A e 1 R AR 3 L, Bl e s Vi 2 0y o B AR IX 8k GDP B
1 RFE 3 e, R A T LA 28 0 GDP Sy Al Sl — 5 Lo (9 11 SR 98 U5 o A5 22 o kA . L f31) 1
GDP ik A= 45 i 5 A P Z A A VC AR B il i 23 & A 24 I AR T R iy AR S R 5 GDP |y S5
ProrBomise ., FEutllnye A58 AL LR T GDP I BTERER, IIA %48 1 2 T DT mk AR
2 AR 255 sk . BT A U 5k R 20 Economy Contributive Coefficient, ECC) WEAIFE A 4
OIS S EZ) B NI/ (B C 2 it G i RN W
EF,  GDP,
ﬁ/ GDP,, (0
AP EFREF,, o3 55 @ DTSR 0 AR D A= 25 2 38, GDP AL GDP,, 3 5 R 35 i AN TT R4S 1y M
RIXIEE) GDP, ECC<1, RMIZA (7 BAT B R B 25 STRR AR A A A 83 . 45 ECC> 1, RIIZA h AT
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AN 7R 248 0 o R A DX A 2 R i i ) R 0 L, R s T 4 A 1 o AR IX I A 2SR 3
S BBA 2 b, HRE AT DAY ERAS 3 A AR B ) g B, S We— 5 LU0 i) AR B o FH 0 22 SR AR i
PO 89 A 25RO iR T AR 2 R 5 AR AR B Z M A VERC AR BE 3l i 2 9 A 22 I R R T 4 O AR 25
FEI S RS AR I SE PR FO M e . A R4 O A 2SR I R T AR SR B Y L], A 248 1 HE 25K
FOTHEREAR, Rz, A A A AR 3 DTk 1 Ll_lf%:ﬁiuﬁiﬁ/%%&(}zcological Support Coefficient, ESC)
P TE A 0 AR S R S A R B R A, AESORE R R A0
EF, ;
ESC = Eleal/ EC (8)
K EC, (EC,, I3 T A8 Oy VR AR IX SR AR 0K 80001, ESC <1, 3R BTZ A iy BAT B m i AR SR 8001, B
AIERANETE, & ESC>1, RMIA BRI B, A RS,

total

2 ERAW

2.1 AR S 22 500
RIEA (1) TE 2005—2016 LA I AIIES LR (£ 2) . G5RER  IFERE D A A EilbEs

F2 2005—2016 FRELAZ KEFHREEHANESET ABESEKENNESENRBHNIEEN
Table 2 Dynamic changes of ef, ec and EPI of provinces along the Silk Road Economic Belt in China from 2005 to 2016

bt B

; 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Index Province
AR B/ (hm>/\) i 5750 5618  5.486 4996  5.194 5.182 5799  6.566  7.568  7.941  7.930 8.287

Per capita ecological footprint (ef) H 1.889  2.046  2.089 2.167 2.199 2375 2.665 2.768 2.828 2913 2910 2.891
TH 4617 5038 5335 5471 5612 6204 698 7.076 7338 7.501 7.771 7.601
BeFE 2.050  2.061 2193 2349 2418 2593 2692  2.855 2957 3.089  3.187 3.109
HIEF 2624 2795 3.064  3.241 3284 3241 5155 5484 5635 5.640 6.276 6.455
SR 2844 2691 2946 3.029 3.053 3.073 3.077 3.205 3368 3.244  3.145 3.105
~M 1811 1.98  1.862 1.880 1.969 2432 2702 2.879 2.896 2.872 2832 2.825
R 2062 2037 2145 2200 2278 2379 2535 2570 2730 2750 2.769 2.690
Wil 2242 2,054 2176 2260 2336 2.539 2535 2.641 2725 2.683  2.693 2.693

NHEREES/ (hm?/ N) B 3538 3474 3402 3347 3303 3.269 3229  3.194  3.149  3.102  3.022 2.974
Per capita ecological carrying Hlt 1.606  1.605 1.604 1.602 1.600 1.597 1.601 1.593 1.784  1.780  1.775 1.768
capacity (ec) THE 1193 1178 1.166  1.154  1.140 1.149 1.149 1.137 1.124 1275  1.263 1.249

BeF§ 1226 1226 1223 1.221  1.279  1.263  1.288  1.285  1.283  1.280  1.274 1.267
ik 7.167  7.108  7.058 7.024 698 6909 6.852 7.621 7.560 7.487  7.423 7.360
76 0981 0978 0972 0963 1.064 1.052 1.045 1.038 1.033  0.985  0.979 0.969
ZM 1994 1980 1966 1.954 1942 1.929 1916 1.905 1.894 1.820  1.810 1.800
HE 0630 0628 0.627 0.623 0.618 0.613 0.684 0.678 0.673  0.669  0.664 0.657
mi 1.059  1.065 1.070 1.069 1.063 1.082 1.080 1.077 1.073  1.068  1.060 1.053

VWAL 74 BrEE 1625 1617 1.613 1493 1572 1.585  1.796  2.056 2403  2.560  2.624 2.787
Ecological pressure index (EPI) ity 1.176  1.274 1302 1352 1.375 1.487 1.664 1.738 1585 1.636  1.640 1.636

T 3.870 4276 4577 4742 4924 5399 6.083 6226 6526 5.885  6.156 6.084
B 1672 1.681 1793 1.924  1.891  2.053 2.090 2221 2305 2413 2501 2.454
HiE 0366 0393 0434 0461 0470 0469 0752  0.720  0.745  0.753  0.845 0.877
JP 2900 2751 3.030  3.144 2868 2.922 2944  3.087 3259 3294 3.213 3.205
=F 0908 1.003 0947 0962 1.014 1261 1410 1.511 1.529 1578  1.564 1.569
HEE 3272 3241 3418 3534 3.685 3.883 3708 3.794 4.057 4112  4.168 4.091
il 2117 0 1.929 2.033  2.114  2.198  2.348 2347 2452 2540 2.511  2.540 2.558
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SErn KGR EAEE RS R T H A O A RS R AR, 43 2005 A1) 5.750 ,4.617 ,2.624
hm?/ A1 % 2016 411 8.287,7.601 ,6.455 hm®/ N AEBIHEK 353518 3.38% ,4.64% 8.53% , N¥IELSRE
AR P A REVR IS A L E R, Horp A 2010—2011 45 A M AR 285 il b KAt | s 7 Tl A
PG AR Y R R ISR R, HOR BRVE TP s R R U S Oy N A S R AR AR,
WIHT 2005 4E14 1.889 ,2.050 .2.844 1.811,2.062 ,2.242 hm®>/ AHK & 2016 419 2.891 .3.109 .3.105 .2.825 .2.
690 .2.693 hm*/ N, S K535 0 3.94% 3.86% 0.80% 4.13% 2.45% 1.68% ,YJFR I N FTF#aH, WA
BRI P HSRE )V s/ B G A IR P L 2, BRVE VIR HON S ik A
RV T (5 i %

RPEA(2) T 2005—2016 LA I ANIIES R T (£ 2) . G5HR BRI I NI LK
TSR i )V DU AR O N4 R 38 ) SR R 18 R R A%, 43 MK 2005 41 3.538
0.981.1.994 1.059 hm*/ A R Z 2016 4EfY 2.974 ,0.969 .1.800 . 1.053 hm?/ A, 4E 4 T [ 3435 K 1.57% 0.
11% .0.93% ,0.06% . Hill 75 Bevy i FHRES i NP E SR T o8, 43 3 2005 4F
() 1.606 .1.193 ,1.226 .7.167 ,0.630 hm*/ A K & 2016 4F/ 1.768 .1.249 1.267 .7.360.0.657 hm*/ A, 4F- 354
KR35 4 0.88% ,0.42% ,0.30% ,0.24% 0.39% . SAKF , FH NS RKE T Fem , R A A K E )
52 (A8

RGN (3) THE 2005—2016 VLA IS EFRE(EK 2) . T J P HEK UNEEBAESE
JIHE% 2005 4E1 3.870,2.900 ,3.272 2117 43134 28 2016 4F1% 6.084 ,3.205 ,4.091 ,2.558 , 43 7ll3 K T 0.
572 % .0.105 £%,0.250 £%,0.208 %, AHILZ N, Brsm  Hl BEVE  F Wl =/ 5548 1 1 A S R T Fa 8, K
2005 419 1.625.1.176.1.672 .0.366 .0.908 437|342 2016 411 2.787 .1.636 .2.454 0.877 .1.569 , /3 ¥ K T
0.715 1% ,0.390 15 .0.468 1% 1.395 1% .0.729 1%, WA M ANE IR K B A BB EEF I,
BB RIIN
22 AREAfFEIHFESHE S BCR

FRIGLSZ(4) F(S) 23 TRV ER A O3 0 JE SR B RS0 (2 3) . 45 R ,2005—2016 4FHT4k 4

F3 2005—2016 FHELAZ BEFTREENETRESEHT ENZETL

Table 3 Dynamic changes of EF 4, and EF g, of provinces along the Silk Road Economic Belt in China from 2005 to 2016

size

it Ay

; 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Index Province
SRR HEE 2214 2176 2164 2113 2193 2.192 2401 2651 2983 3.125 3.178 3.328

Ecological footprint depth (EFy,.,,) — Hilt  1.831  1.895  1.942 1967 1.966 2.051 2211 2245 2121 2152 2.143 2.062
THE 4177 4548 4866 4992 5156 5611 6293 6437 6719 6.143  6.404 6.319
BEPS 2338 2361 2466 2.576 2544 2705 2731 2859 2942 3.047  3.130 3.082
#1252 1281 1319 1342 1346 1336 1616 1.592  1.614 1.619  1.706 1.734
P 3.560 3410 3.688 3798 3.543  3.588  3.605 3746 3.915  3.953  3.860 3.850
Z# 1633 1724 1665 1676 1728 1.970 2113 2213 2224 2280  2.263 2.266
FK 3.806 3782 3944  4.062 4207 4398 4248 4331 4590 4.635  4.689 4.601
PO 2717 2527 2,628 2705 2790 2939 2.925  3.030 3.116 3.093 3.116 3.122

JEESTRE/ (hm?/ ) B 0385 0387 0395 0423 0422 0423 0414 0404 0394 0.393  0.401 0.402
Ecological footprint size (EF,.) Hf 0969 0926 0929 0908 0.894 0.864 0.830 0811 0750 0739  0.736 0.713
T 0.905 0903 0912 0912 0919 0905 0901 0910 0916 0819 0.824 0.831
RS 1141 1145 1125 1.097 1052 1.043  1.014  1.001 0995 098  0.982 0.991
ik 0.477 0458 0431 0414 0410 0412 0314 029 028 0287 0272 0.269
PPE 12520 1267 1252 1254 1161 1167 1171 1169 1162 1219 1227 1.240

~H 0902 0868 0895 0.892 0877 0810 0.782 0.769 0.768 0.794  0.799 0.802
HK  1.846  1.857 1.839 1846 1.847 1.849 1.676 1.685 1.681  1.685  1.693 1.710
pgji 1212 1230 1208  1.197 1194 1157 1154  1.147  1.143  1.153  1.157 1.159
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B/‘J?EIEU ﬁjfﬁf o Fig.2 Changes of Gini coefficient of provinces along the Silk
2.3.2 S[E4EEIEAN Road Economic Belt in China from 2005 to 2016
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Fig.3 Lorenz curve of economic contribution and ecological support of the Silk Road Economic Belt of China in 2016

) ESC Fl ECC (3 4) , JHR MR A (2 0 U R AL ([ 4) , Z55R BoR,2016 4FK TRERA A “ w4
TE TR L = R R DT AU 1y . N ECC A BERF 2005 AFA H R 2= me AT 143 51 4 0.890,0.856
0.968 , £| 2016 443 HIHI K 2 1.204 .1.047 1.711, 23X 268 )y ty “ = 8 U Uik ™ % oy < AR U woiik ™, i Hfth
B T DTk R R A AIARE . N ESC AR BEETE 2005 AR ABIER N 0.973, % 2016 35K % 1.183,
R A SR DT = AR, oA (i B s A AR fk

AT 2016 AFHTERA Oy A XIRZE B S5 SR . (1) BRVS [ PN DU 1@ T e 22 5% DTk AR A= 57K 3K
TRk JAIE Y, XEEB Y ESC KT 1 ECC /T 1, % HoAth A 78 1E A AMERPE | 1 A 25 STmR A, B A 4%
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R, DL AEHE AL e b R A SR AL R St AR ) 2 R R R Y TR I USRS MR 28 T AR AR
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HW A = T AR T ouiik | & AR R BT A . X EER Oy ESC /T 1 ECC KT 1, 7F
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Fig.4 Changes in the types of provinces along the Silk Road Economic Belt in China form 2005 and 2016

R4 2005—2016 FHELAZ KAFHIGLEH ECC EM ESC EMFSEN
Table 4 Dynamic changes of ECC and ESC of provinces along the Silk Road Economic Belt in China from 2005 to 2016

fatw Bl

. 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Index Province
23 Y BiE 1637 1651  1.644  1.508 1.704 1.542 1.650 1.779  1.951  2.025 2.140 2.366
Economy contributive Hif 0890 0999 0.993 1.036 1.078 1.094 1.159 1.150 1.109 1.135  1.188 1.204
coefficient (ECC) THE  1.675 1.868 1.846 1.832 1.685 1.723 1.810 1781 1.791  1.855  1.901 1.860

Bedd 0759 0736 0750 0759 0717 0709  0.686  0.675  0.660 0.678  0.715 0.702
FE 0968  1.042  1.087 1112 1100 1.003 1493 1512 1475 1470 1.629 1.711
P 1267 1207 1247 1270 1302 1.229 1162 1173 1184 1165  1.101 1.086
#0856 0970 0.893 0.892 0948 1.149 1.198 1.185 1.103  1.087  1.051 1.047
R 0693 0715 0738 0730  0.648  0.642 0.629 0.604 0.610 0593  0.567 0.531
POl 0.920 0.848 0.848 0.875 0.878 0.881 0.827 0.814 0805 0.787 0.784 0.776
BRI AR Hds 0973 0978 0936 0.847 0876 0.824 0.878 0956 1.067 1.110  1.124 1.183
Ecological support coefficient(ESC) — filf 0704 0770 0756 0767  0.766  0.773  0.814 0.808 0.704 0.710  0.703 0.694
TH 2316 2585  2.657 2.691 2744  2.808 2.974 2.894 2897 2553  2.637 2.583
Bedd  1.000  1.016  1.041  1.092  1.054 1.068 1.022 1.032 1.024 1.047  1.071 1.042
#0219 0238 0252 0262 0262 0.244 0368 0334 0331 0327 0.362 0.372
PP 1735 1663 1759 1784 1599 1520 1439 1435 1447 1429 1377 1.361
=W 0543 0.606 0550 0.546 0565 0.656  0.689  0.702  0.679  0.685  0.670 0.666
FEHR 1958 1959 1.98 2005 2.054 2019 1.813 1763 1.801 1.784 1.786 1.737
il 1267 1166 1180 1.200 1.225 1221 1147  1.140  1.128  1.090  1.088 1.086
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