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Analysis of the characteristics and driving forces of the temporal and spatial
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Abstract . Ecological security is the basis and premise to ensure the sustainable development of human society and economy.
Evaluating the temporal and spatial evolution and influencing factors of ecological security is of great significance to its
ecological security pattern construction and regional sustainable development. Based on the localized ecological footprint
model, we calculated the ecological footprint, ecological surplus and deficit and ecological stress index of twelve cities
across the Inner Mongolia in China from 1990 to 2018. Entropy method was conducted to construct a comprehensive index
system, calculating the ecological safety index, and evaluating the state of regional ecological safety and sustainable
development. We also combined spatial analysis to reveal its temporal and spatial evolution and analyze the driving factors of
temporal and spatial dynamic. The results showed that (1) during the study period, the Inner Mongolia was in a state of
ecological deficit, but the growth rate of ecological carrying capacity was greater than that of ecological footprint. In 2018,
the per capita ecological footprint and per capita ecological carrying capacity increased by 0.9—5.8 times and 1.5—10.8
times respectively compared with 1990. The ecological safety index changed from an unsafe state to a safe state, and the
value changed from over 5.0 to less than 4.0. The ecological station of whole study area improved. (2) The spatial
distribution of ecological footprint indicated a “high in the east and low in the west” situation across the Inner Mongolia.

However, the spatial variation of ecological carrying capacity indicated a “high in the middle and low in the two wings”
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spatial distribution. During the study period, the ecological security center of the study area shifted to the northeast. (3)
The economic level, consumption expenditure, and industrial structure are the driving factors for ecological security and
sustainable development in the Inner Mongolia. Moreover, geographical location and climate factors are the leading factors

for its spatial differences.

Key Words: ecological footprint; ecological carrying capacity; ecological security; spatio-temporal pattern; the

Inner Mongolia

ERTRRRRERMNEERAY JEAS IR T, HEBCYBUN 5% AR R GE R, £S
LR EAR NI AT B AR (R LR N P 85 78 A 14 R ) R 52 A S R 5 R85 7 e S U R IR S
IR YR X BT RS R R SRR, JF R AR S R, AR I S 4R X R S BRI 5 A B R
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FRTIFTE AR S R T A R 25T AR S AR A, T 1o 8 57 55 O A 2R Rl 5 el A TR o A 25 36
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ZE A% AR RN 225 O R STk AL 5 AR A2 4 R R ER A B AR

1 AREXWREHARFTE

1.1 ARSI HENL

WZE (97°12'—126°04" E,37°24'—53°23" N) Hikb PN REHBIX (1), 4230 X A i 22 KU, o i
Hu X IR R AU 3, 2 X oK DTN Y €2 RN, Bk & B AR 19 P8 1 500 mm 39824 50 mm
fifh 78t A ZR M PE 1000 mm HEME] 3000 mm, FH AR [0] P8 2040 A AR B IRADE A S RS, HAA
12 AN, R 101 AN B T X SO 2470.63 J7 A (2010 4E AN G888 ) |
1.2 Rk

AR A S R AR SR RS B P AN IR X P 4% B T AR A R R e IR AR AR Ak
SRR A A R RN 7 PR A 1990—2018 445 BT AR AR S Ll 5 A AR 3 sl ad AR S AR A
AR SFE8 100 GDP ARSI (R 1) PG XIRA A% 4 38 ] AreGIS 10.4 X H B85 Rt 1725 (Al 43 b7
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Fig.1 Administrative divisions of Inner Mongolia Autonomous Region
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Table 1 The method of ecological security index
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RN R AL EIE WPGETTRAE J7 ik S % sk gk S st . RAEA ST R4 893 % 2
B IREFETRL WAL A0 R T AEH 530N AR LA (<3.0) (K4 (3.0—4.0) &4 (4.0—4.5) A
LR (4.5—5.0) A%4 (5.0—5.5) RAEA (5.5—6.0) D (>6.00),
1.3 Bl kiR

G ARIE T (N S ST AR S 1991—2019) (P E GEiH4FE % 1991—2019) A N 53t BUN T AE i
), AR - Al BB ST B b ) L TR A E5c s . b R AN R VR T b [ AR T U - i A
BTN IR S F4A (htp://tdde.mlr.gov.cn) . BUF R AR (DEM) B S U5 T IR 27 B b 2 2 7] 51
i (http://www.gscloud.cn/) o

2 HREHS

2.1 AR SETRET
211 ABAER R A sh A

1990—2018 4F N 52 i 4 BT A4 25 YL I AE 0.056—2.090 hm?/ A ZIA], ZERFA] 4 F & FTh#a
H 2R A A S R SR AR S iR AR A — B (KR 2) o Hb FERIE R S0 R0 AR DLUR B AR
8y SRR Z I S R 7 BT AR S R AR B AR A B AR, SR BT I ARER I Y 1990 4F 0.283
hm*/ A EFF2 2018 4F19 1.731 hm®/ A, FHE T 6.12 £, NSNS BT (BREMRIBEIN) AT LT
2000 4FZ F AR 1%, HARFFAE 0.5 hm®/ A LLUR £ 2000 452 5 W& 82 5, 3k IR DR (%% il
I B L SAG A A AR 5 2.35—4.18 £iF . X AT REMN A 90 AR T & ik KA BIR , IX dak J R ot A= 3 W LAY T
P RBAR, A28 B AR LGRS s 75 2000 2 5 , Bl L 0T B DO A& R, Ji RAE 16 KT 4 v, T 2% S 38
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Table 2 Dynamic changes of per capita ecological footprint for the cities of Inner Mongolia from 1990 to 2018

G Year  FPRIERE Ak i U PHEDUR  OMEEL I BIAREE B2EA SURZE DERAK BT

1990 0.139 0.100 0.056 0.260 0.284 0.529 0.604 0.283 0.351 0.274 0.437 0.172
1991 0.122 0.093 0.052 0.238 0.190 0.446 0.569 0.274 0.307 0.242 0.396 0.173
1992 0.126 0.120 0.050 0.330 0.132 0.349 0.639 0.426 0.353 0.334 0.420 0.184
1993 0.101 0.107 0.046 0.355 0.153 0.456 0.597 0.312 0.328 0.261 0.488 0.177
1994 0.220 0.127 0.029 0.360 0.136 0.436 0.542 0.369 0.277 0.349 0.470 0.191
1995 0.198 0.115 0.054 0.134 0.085 0.207 0.375 0.423 0.245 0.399 0.386 0.204
1996 0.139 0.129 0.036 0.305 0.231 0.445 0.534 0.579 0.330 0.475 0.447 0.217
1997 0.252 0.137 0.048 0.454 0.233 0.551 0.646 0.783 0.309 0.502 0.393 0.224
1998 0.242 0.104 0.062 0.434 0.206 0.655 0.867 0.664 0.477 0.539 0.375 0.244
1999 0.150 0.137 0.067 0.337 0.195 0.576 0.772 1.379 0.422 0.310 0.450 0.268
2000 0.163 0.125 0.057 0.351 0.479 0.472 0.581 1.028 0.665 0.359 0.412 0.294
2001 0.140 0.126 0.041 0.301 0.339 0.304 0.734 0.874 0.335 0.377 0.558 0.336
2002 0.276 0.241 0.093 0.378 0.768 0.589 0.672 0.997 0.563 0.459 0.564 0.365
2003 0.193 0.313 0.121 0.384 0.438 0.610 0.860 1.018 0.606 0.472 0.576 0.321
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G Year  FEAMSRE f0k Lty A PHRIUR ONEEL GEID BMEEy DA SURZHT BEBUR IR
2004 0210 0335 0125 0405 052 0489 0890 0676 0791 0560 0728 0334
2005 0225 0338 0122 0459  0.687 0474 084 0873 0760 0657 0577 0377
2006 0.273 0.350 0.207 0.300 0.678 0.538 0.953 0.741 0.626 0.652 0.638 0.440
2007 0.238 0.415 0.198 0.371 0.580 0.508 0.941 1.708 1.158 0.685 0.676 0.439
2008 0287 0418 0189 0491 0575 0761 1045 119 LIS 0705 0577 0.489
2009 0.290 0.435 0.183 0.420 1.054 0.795 1.065 1.377 1.108 0.752 0.795 0.502
2010 0.215 0.396 0.167 0.480 1.067 0.750 0.952 1.609 1.101 0.652 0.631 0.518
2011 0.186 0.456 0.175 0.685 1.190 0.937 0.929 1.707 1.257 0.694 0.597 0.489
2012 0203 0462 0091 0741 1261 0996 0937 1569 1246 0708  0.633 0.484
2013 0.241 0.382 0.191 0.780 1.009 1.197 1.259 1.682 1.399 0.740 0.677 0.517
2014 0.240 0.667 0.211 0.482 1.204 1.461 1.371 1.164 1.291 0.743 0.818 0.491
2015 0262 0674 0181 059 1355 1707 138 1455 1287 0708 0872 0.484
2016 0.242 0.627 0.178 0.550 1.042 1.634 1.324 1.800 1.441 0.685 1.052 0.443
2017 0.281 0.286 0.160 0.380 1.402 1.984 1.336 1.789 1.488 0.612 1.102 0.451
2018 0.311 0.477 0.176 0.490 1.185 2.090 1.425 1.731 1.447 0.792 1.089 0.432

5 2% BT NI AR 2 3 S P AR VR AR A s (R4S )Ry (T 2) , ELAE 1990—2018 AF [ f 7R 35 b [X.
SRS (K 3) , Hd 7E 1990—2018 4F 8] 2 A0k RGBT R 35 A AR R
IARAE /N BIORFELE 0.60 hm®/ ALLR , HAR 25 S i 44 K ot Hh b XA AR 28 Rl b - P 3
i DX R B 0 L SR B RS A TR % I AR S R R AE 2018 4F TS 1.41—2.10 hm®/ A,
2.1.2  APEORB I S

1990—2018 4F- PN 5 iy 45 B 1T A2 A 25K 38 71 [l 7E 0.007—4.197 hm’/ A Z ], H 2 R8T (£3),
Horp BRI EFN SRR 21 4h | HoAR 4 BATHTE 1990—2000 4F [A] 28 A &8/, an e Fngd 4 A3k i AR 25
A S IRFFAE 0.1 hm®/ ALAF , 7E 2000 -2 J5 , 4 BT AR SRR ) W35 3 o, WA DLUR (%% B B R i
FIE 2250 oy | Bt ey 4.86—11.82 4%, HLIFAR DI /R I MRS 8 A 28 7 2 01 207 80% Fh R 7K 48 | 1 = 5 A7 il
M 64% BRI, AT UL NS A T P SR AR IR R 25 57, NI BRI 1 2 R A SRR
SR 7 3t BN ¥ AR SR 3R AR 2013 4R 2 5 B/ INIE R [ {HEATE T 90 4EAT,

P52 BT AR AR AR s (B) L R b Rl BRI M Aids R (B 2), BARSRE ) 5244
10 RSB FNITAS TURASEER A (B 3) . 7E 1990—2000 4 | H Hls X 12 2= 545 MU bRER 8 A 2594 A5 7K 2% )
FEnE] 2.01—3.00 hm?/ A, HAh 4 B 17 R HAE 0.50 hm?>/ AL R . 7E 2010 4F, B Rp i A A &3 b
F+E] 3.10 hm®/ A, HWOR S 228840 BT 1.93 hm®/ A, £ 2010 4F, 4 X 2508 7 A3 RS &E /8T 1.00
hm?®/ N £ 2018 45 57 F Hffs X 14 55 22 52 A AT bR i A\ 38 A4 80K 38007 B HE] 3.01—4.20 hm’/ A, RS IX
WAL 2 AR DURTE 1.01—2.00 hm*/ A, PEHE4 B Tl AR I 240/ F 1.00 hm?/ A, 5280« Hpfa] i, R 3
K7 By 53 A kG )R
2.2 BBV

FE 1990—2018 AEMI NS & M T AR R P/ BARES M EARKZES , ASR 7 BIRE iRk R
(E2), WFFEIE], 52 2 A0 A PR i A= R K FAER B, i 30 4F 0] — BRI M ESA 2, HE
2018 4E A BB AGES) 1.51 hm®*/ A DL L, PR DLJRTE 1990—2000 4F A 344 25 7% 74 & 35.4% , 1 £1] 2010
R RAESEAY (0.203 hm?/ N) 73 2018 4F— BARFFA SR A, FIHIEAE 2010 F G TSR A, H
REMBE T B FRFIRIFAE-0.15 hm®/ NLAN . FERITE AR A03K3T 30 4R AR 2 5 4 AR o
A, B AYPERFRF/NF-0.15 hm®/ N, FR0E GBI 242 WAE 2000 4F 72 45 A B R 7k, i5-0.30—-0.16
hm®/ NZ[6], HAE 2010 4R 2 5 2 B0 IR E-0.15 hm®/ ALUR , (HER/R 2T 30 45— B AL TA A%
FIFEEIE A, T A BEVR B K Bl B R 2 A S AR BRI
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Fig.2 Spatial distribution of the per capita ecological footprint, per capita ecological carrying capacity, the ecological surplus and deficit,

the ecological stress index and per ten thousand (yuan) ecological footprint of the cities of Inner Mongolia in 1990, 2000, 2010, 2018
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Table 3 Dynamic changes of per capita ecological carrying capacity for the cities of Inner Mongolia from 1990 to 2018

ARG Year  WPAIERE  fsk iy AU PHEDUR MR WL B DA SURZH BEEUK BriEE

1990 0.074 0.034 0.007 0.129 0.154 0.356 0.488 0.347 0.849 0.134 0.336 0.106
1991 0.072 0.026 0.009 0.123 0.123 0.313 0.484 0.363 0.645 0.106 0.335 0.109
1992 0.076 0.045 0.011 0.198 0.102 0.183 0.583 0.702 0.841 0.191 0.355 0.128
1993 0.067 0.042 0.009 0.228 0.120 0.296 0.498 0.567 0.760 0.114 0.421 0.114
1994 0.065 0.052 0.013 0.235 0.112 0.276 0.404 0.707 0.501 0.195 0.405 0.119
1995 0.068 0.051 0.015 0.059 0.118 0.091 0.302 0.872 0.449 0.237 0.337 0.137
1996 0.061 0.045 0.025 0.156 0.145 0.259 0.367 1.034 0.923 0.321 0.388 0.165
1997 0.069 0.038 0.028 0.233 0.164 0.263 0.444 1.789 0.622 0.266 0.239 0.142
1998 0.064 0.025 0.016 0.283 0.144 0.378 0.740 1.043 1.202 0.301 0.227 0.155
1999 0.064 0.038 0.033 0.179 0.161 0.295 0.598 3.102 0.914 0.089 0.259 0.166
2000 0.071 0.036 0.025 0.180 0.303 0.226 0.358 2.607 2.087 0.111 0.210 0.182
2001 0.059 0.034 0.022 0.150 0.274 0.094 0.573 1.810 0.509 0.109 0.312 0.231
2002 0.120 0.130 0.068 0.230 0.582 0.265 0.504 1.676 1.835 0.173 0.305 0.261
2003 0.086 0.189 0.091 0.224 0.461 0.350 0.767 1.845 2.055 0.182 0.331 0.180
2004 0.106 0.214 0.117 0.249 0.593 0.273 0.766 1.091 2.692 0.252 0.487 0.201
2005 0.114 0.262 0.090 0.326 0.782 0.351 0.759 1.544 1.626 0.356 0.415 0.266
2006 0.142 0.257 0.217 0.205 0.852 0.429 0.867 1.222 1.533 0.335 0.484 0.334
2007 0.094 0.352 0.172 0.244 0.700 0.420 0.856 3.615 1.744 0.377 0.477 0.361
2008 0.122 0.337 0.168 0.351 0.711 0.607 0.997 1.930 2.924 0.381 0.396 0.482
2009 0.127 0.358 0.168 0.263 1.264 0.593 0.986 2.450 1.551 0.420 0.550 0.533
2010 0.091 0.309 0.138 0.338 1.270 0.587 0.924 3.104 1.926 0.320 0.428 0.598
2011 0.073 0.358 0.116 0.568 1.388 0.765 0.933 3.325 2.282 0.268 0.400 0.564
2012 0.104 0.378 0.162 0.627 1.369 0.880 0.948 2.844 3.219 0.373 0.440 0.488
2013 0.137 0.274 0.171 0.682 1.062 1.174 1.382 3.252 4.833 0.400 0.494 0.522
2014 0.132 0.724 0.207 0.396 1.278 1.456 1.501 3.959 3.751 0.394 0.589 0.473
2015 0.130 0.718 0.171 0.454 1.544 1.640 1.435 3.799 3.302 0.339 0.594 0.459
2016 0.122 0.637 0.173 0.394 1.258 1.504 1.353 4.197 3.965 0.308 0.852 0.399
2017 0.148 0.677 0.136 0.270 1.644 1.726 1.180 4.162 3.667 0.242 0.871 0.416
2018 0.184 0.686 0.142 0.372 1.249 1.939 1.381 4.101 4.126 0.348 0.851 0.402

£ 1990—2018 4F[A] , N5y 25 B T AR B R a8 AR S PR (K12) . Hor, 5 22800 Mg MRl i 7e
T 30 AR AE A P8 80— EARRRRIOIR A, AR 4 BT AR S R 138 B0 RS 7F 1990 4, L HUK |
T AL 2 B S R 8 BUEE 1.01—1.50 Z ], A8 DL /R AR PRIy 4o B o7 35 B A 25 R F 48 807 1.51—
2.00 Z[A], HA SRR SR AME S A S R I FE BT 2.00, 7E 2000 4F | B 0 12 24 540 MU MRS ok, A &%
W AERESFEBOYRT 1,50, 7E 2010 4F | BRIFANE R4 8 R T BORAN  Hop 25 M i A 8 R 18 808 T k3
1.50 AR #2018 4F, Sifg | 5 = 245 AV MR8 A= 8 R 138 80U/ T 0.50, Foar 45 M i AR A R J7 48 BT
0.81—1.50 Z[8) , A= A R I3/ 0N . 31X % BB b R R b A 25 3R G AR AR5 X Sk 25 28 0% W 8 K Ji R 1 R00F
FHH A R SCHEFEH]

T 30 AR [E], NSRS BT T OC GDP A4S el B 3 R R (& 2) , RIAREE mBr B R B A, LA R A 7
T AR A SRR I RSOR W 3R T, 7E 1990 4%, 3 22 8845 Gl 1L W ot GDP AR Rl K, ik
4.00 hm? Pk _I- s HRR ARG E UK, J7 78 GDP AR R IB A T 2.01—4.00 hm? 2Z [8] ; FFAR DLIR B AR i A
FRIRZHAT 1.01—2.00 hm® Z [0] ; HA4x2$ BT /T 1.00 hm® , F] 2000 4F | BREG ARSI EE A A1, s
ATt GDP AR FRER] 2.00 hm® LUF P A sk FLS M N FEE] 0.20 hm® DUR , R BIE Tl X EMISCH:
RIS AR, B 2010 4E, 2 X &0 GDP AR Rl B T, WS 0.50 hm? AT, 230 R EB
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i, PUR (oA A% Ry, 31 2018 4 (UH I ieL/R | 22 5240 GBI %% B 4 BT T I8 GDP AR S Rl e
0.21—0.50 hm*Z ], A4 B T4 7E 0.20 hm’PLF
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