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Spatio-temporal change and obstacle degree diagnosis of comprehensive land

carrying capacity in Hainan Island based on TOPSIS model
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Abstract: Land is the foundation of all human activities and important guarantee for regional economic and social
development. In order to explore the comprehensive land carrying capacity of Hainan Island, based on the statistical data
from 2009 to 2019, the TOPSIS and GM (1.1) models were used to evaluate and predict the comprehensive land carrying
capacity of Hainan Island from 2020 to 2030 from time series perspective. In addition, ArcGIS software and obstacle degree
model were used to conduct dynamic analysis and obstacle degree diagnosis of the comprehensive land carrying capacity of
cities and counties in 2015 and 2019. The results show that the comprehensive land carrying capacity of Hainan Island is
mainly affected by the economic and social subsystems. Although the level of comprehensive land carrying capacity

fluctuated from 2009 to 2019, it showed a slow upward trend as a whole. The closeness value of water and soil resources and
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ecological environment subsystem showed a downward trend, while the closeness value of economic and social subsystem
increased significantly. The prediction results show that the comprehensive land carrying capacity shows a continuous upward
trend in 2020—2030. There are significant differences in the spatial dynamic changes of the comprehensive land carrying
capacity. The overall performance is that the comprehensive carrying capacity of coastal cities and counties is higher than
that of inland cities and counties. In 2015 and 2019, Haikou and Sanya were at a high level. Eight cities and counties were
at the medium level in 2015, 11 cities and counties in 2019. And 8 cities and counties were at the low level in 2015, while
only 5 cities and counties in 2019 and the sub—system carrying capacity of each city and county was significantly different.
The analysis of obstacle degree shows that the economic subsystem had the highest obstacle degree in 2015 and 2019. In
2015, the obstacle factors mainly included economic density (X, ), fixed asset investment per land (X,,), effective
irrigation rate of cultivated land (X,) and GDP per capita ( X;). In 2019, the main obstacle factors were economic density
(X,), fixed asset investment per land (X,,), GDP per capita (X,;) and multiple cropping index (X, ). The level of
economic development is the main factor restricting the comprehensive carrying capacity of land in cities and counties. This
word is expected to provide the scientific basis for ecological conservation and economic sustainable development in the

construction process of Hainan Free Trade Port.

Key Words: Hainan Island; comprehensive land carrying capacity; TOPSIS method; GM(1.1) model; obstacle degree
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Table 1 Index system for land comprehensive carrying capacity evaluation and weight in Hainan Island

A fabrz FEE || HERZ LIS W
Rule layer Indicator layer Weight || Rule layer Indicator layer Weight
K FEBRE NI R (L)X, 0.0569 || ZFFRE AF GDP(A7E) Xg 0.0334
Water and soil N E R (hm?/ A X, 0.0231 || Economic carrying ZFHE (J170/km?) X, 0.0322
resource carrying ABIERB AR (km?/ TN ) X5 0.0400 || 0.2701 Bk GDP T (%)X, 0.0273
0.2437 FHTFRIRIE (%)X, 0.0400 =k GDP (%)X 0.0655
AEIE T (kg/ N) X5 0.0308 HE R B AR B (TT 70/ km?) X, 0.0338
BEA OB (%) X 0.0199 GDP KA (%)X, 5 0.0494
T AR (m? 5N X, 0.0331 FRFEE (%) X 4 0.0284
IR-gE NV (A /km?) X 5 0.0291 || AEAIRERE X ESAE R (%) Xy 0.0191
Social carrying W3 (%) X g 0.0223 || Ecological environment HEiz SRR (%) Xy 0.0307
0.2587 FHE BH 5 GDP ILE (%)X, 0.0606 || carrying N SHITT R (m?) X 0.0368
RFERABHNA (T8) X g 0.0454 || 0.2274 BN EF(%) X,s 0.0356
L BT B (TE) X 0.0383 FfL GDP REFE (BRIl 78) Xy 0.0310
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0.4131 7+ %] 2019 41 0.6122, X 5 5§ & 20 St & R RIE AT,

IK LB RGN FE LRSI N 2 e 3 T B3 B 2009 4E 11 0.5272 FHiE 2 2011 4E1Y 0.6197 , Z )5
TREZ 2018 4F1Y 0.2540, 3] 2019 4F A8 ANZE 0.5058 , /K LR T R GMETE 5 N0 585K R EAR 431,
TE 2009—2011 4[] £ AR N 11 35 I AE N 3500 e e AR N 50HR 6 7 i S N 43 o6 1 R A 8 B 380 222 1 1) ke
2012 Z J Bl N AN T i85 B b Hb o & 5 B 3G K, AH DG 48 A 2 1 1m) &R, A R e W B (E T 4R T [
2016 416 A MR FDEA T A A T 20 B M4k & T (O T kST L B 5 BUR E—
AR T i by T 7 A B 2 JRe 3 0 ) RN R A N BRIBUR DG T tE— 20 s gk b, o P A A9 L) A5 S
TR A b PR S BE 4 2019 4F7K 4 %I T R G0 R (I BT

VT RGN RN W T, AU R R U D bl ) e A 28 U R G Y 45 TR AR AT
PRIFIE ) &, Jo HAE 2009—2010 4], MG T EE(E A 0.1944 T+ = 0.4097,{H 2011—2013 B&A T, EE
T 2010 4E GDP W KRB K 365 37% , M2 )5 GDP WK R KA FIEFTRE, 2013 4E 2 J5 &% T R 5006
RS TR, 3 2019 4E ik 3] 0.6488 .,

AT RGN R R K M 2009 4E14 0.3307 B4 2 2019 4E19 0.7684 , B T A\ 15 41, HiAth 4515

BHRARIAIE ) A JiE | Mg P I 42 U A J L T B £ RG4S AR bR E ) & S, W T AR WU S AR A R Rl
ALSBHECZ S GDP G K N BEIT BR N L5 . 2014 4FF1 2019 4FA BT REAIR, 2232 00l 3 R
H i GDP X PR AR AR A A sE ] E SR I K B

HEBIRE T RGN 2 s TR, B 2009 45 0.5911 FFEZE 2019 419 0.5279, 2013 4 Z i iff
AR A IR R R bR 2 0 ) R, T R G B 38 B 5 KM (0.5988 ), (Rt A FTAS 3G 4 K b Tl £k
W, AT R N el St b AT b ) 0 TS i P £ AR BT ™ A 0% 2 7K HE TR 3 48 s 22 ) R Gk
R AR A IAEE 2 RS20, o T R A ISR AL A PR OR3P 07 BE | (o AR 6 238 S 1l DX 2 A 7 5 R DR 5/ i 1
K, B0 GDP BEREAIT TRE

x2 BERIMGERENMIEE

Table 2 Closeness of land comprehensive carrying capacity in Hainan Island

AR Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Tk v yevma 0.5272 0.5942 0.6197 0.5732 0.5449 0.4808 0.5813 0.5507 0.4201 0.2540 0.5058
Togrmm 0.1944 0.4097 0.3357 0.3204 0.3780 0.4229 0.4651 0.4968 0.5352 0.5436 0.6488
Tyt pimn 0.3307 0.3575 0.3513 0.4014 0.4167 0.3854 0.5038 0.5186 0.4915 0.5288 0.7684
T sssmupman 0.5911 0.5936 0.5808 0.5785 0.5988 0.5583 0.4887 0.5441 0.5221 0.4943 0.5279
T 0.4131 0.4741 0.4609 0.4622 0.4758 0.4556 0.5044 0.5247 0.4934 0.4682 0.6122

T: 255 WK & Comprehensive closeness; Ty g : K LRI T RGN T Water and soil resource closeness ; Ty e : 2055 T R G i

Economic closeness Tit g e RGENGIT R Social closeness 3 U sspoma He BT RGNk Ecological environment closeness
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MeHE e 2 TP A EBE 15 BY R AR AL GM(1.1) , RHERT & 2020—2030 4 325G 7R H b7 i, )
FHfe/ N 3fe A5 B S AR A

X (t+1)=(21.3266) "™*'+20.9135 (13)

¥ =(0,1,2,3,. 10) AR (13) , 15207 R 5 2020—2030 4F 4 #2 G &8/ HE, WK 2, hid 2 af
U VR 5 T HBZR A R BRREL IR 3 2030 EIAF] 0.6795, 4 T HADR TN ZE R AR BE | XPRBOA HEAT A
FERAIE , ARSI T IRRE BRI R0l A DL AR 3, b e mT AR R T mT (5 R A, U B ) 45
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Table 3 Accuracy inspection level

. o ¥ L AE IR .
) iz g i DR Hip L%
. . Mean square Small error
Year Relative error Correlation K . Absolute error
error ratio probability
BUE Value 0.0445 0.6981 0.4788 >1 2.226%
Y5 Accuracy — 2(<0.05) V944 (>0.6) —9(<0.5) —%4(>0.95) 97.774%
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Fig.3 Grade distribution of land comprehensive carrying capacity of Hainan Island in 2015 and 2019
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TNRA 3, T $ R R G R E K, 2015 4F 2019 MRS & TR FREMITE R 4, MR 4 AT, &1 H
T RGN 2 5 03, A 86T BLK R IR R 3RS A S IR R K5 a0 AR L RS B K AR AR AR E A
O3 GV AR XS R, AL 2 G R R AR O A m  Ti BAnifg  HOK 4 B RS A A AR AR K AR AR

KEREF RS 2015 00 B e s 2005 OB sk ey B [ SR WO R SR Al R 47, A 308 b T
FEURIBI Hb A 2550 R i g , = M T 5 B A AIG 1T T RGN 208 RS M, 2019 4FF R GE I B 5 =i 119
SRR ) NI AT FH K G R b A 250 TR 23 0 k2 e T Al v L T A b o R R B AR AR, R G EAR AT
AR = B AR s A N K -y N NS 1 AT A SANG I i = R 11 (0 = = O e w1
T 5 e A T B TRIRRAR M 34 35 P &% i 2 i B (UM 38 1R =30, 9 HN YA 7 1 T bF
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Table 4 Subsystem closeness of land comprehensive carrying capacity in Hainan Island

Wi 2015 NEITHE Closeness 2019 WHIESE Closeness

City Tpvgemman Tawen Towome Desssrs T Txvgewma Tawrn Twome Tesmmra T
wa 0.2478 0.7842 0.6791 0.5278 0.6303 0.2015 0.7685 0.6742 0.3688 0.6251
= 0.4662 0.6575 0.6678 0.7590 0.6224 0.4343 0.6404 0.7255 0.6773 0.6176
EiEiAl] 0.2931 0.2664 0.5180 0.4939 0.3548 0.4786 0.2817 0.5249 0.4825 0.3810
XE 0.6414 0.1757 0.4128 0.4369 0.3815 0.5145 0.1904 0.4318 0.4524 0.3265
Bt 0.3894 0.2971 0.4320 0.4719 0.3638 0.4926 0.2483 0.4830 0.5065 0.3648
T 0.3185 0.2170 0.3737 0.4996 0.3086 0.4128 0.1968 0.3919 0.5212 0.3139
A 0.3875 0.1545 0.3205 0.3985 0.2737 0.5449 0.1637 0.2883 0.3806 0.2851
A 0.2888 0.1957 0.3026 0.4535 0.2716 0.4171 0.2266 0.2869 0.4249 0.2900
&b 0.4492 0.3735 0.3971 0.3720 0.3938 0.4982 0.3410 0.4387 0.2826 0.3777
[ 0.2872 0.1755 0.2273 0.2857 0.2260 0.3929 0.1272 0.2225 0.3607 0.2335
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Fig.4 Subsystem obstacle degree of land comprehensive carrying capacity in 2015
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Fig.5 Subsystem obstacle degree of land comprehensive carrying capacity in 2019
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Table 5 Main obstacle factors of land comprehensive carrying capacity in Hainan Island
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