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Fig.1 Location of Guanzhong Plain urban agglomeration
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Table 1 Urban vulnerability indicator system of economic-social-resource-environment

system of Guanzhong Plain urban agglomeration
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[#6] 7 B 7 0 B X JiJtkm™ - 0.0326

5 WA BOBCA X, feot - 0.0322

UL 2R X, % - 0.0324

Cm SN INEEA- P % - 0.0321

S5 = e 5 GDP LR X, % - 0.0298

ERERA X, % - 0.0310

TR B B L] X % - 0.0300

HaTFRE NER R ANH HAKE X, % + 0.0308
A¥GDP X, JG - 0.0316

PPN FRE S (R E L /O 8 A - 0.0301

HAR B X, A - 0.0312

[aRE37857 WL WAL X, % - 0.0297

CPL X, - - 0.0286

BT A IR R X % - 0.0299

WEVE LR X, % + 0.0295

HER B R HEK A B EE X, km-km™ - 0.0319

BT AR X m’ - 0.0314
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Table 2 Urban Comprehensive Vulnerability Index of Guanzhong Plain urban agglomeration

. ki
71
RS gL Ja R i T R B %) Tk RR UNGE
2004 0.3331 0.3284 0.3539 0.4754 0.4181 0.4544 0.4092 0.3784 0.4543 0.4892 0.4310
2005 0.3420 0.3075 0.3264 0.4482 0.4158 0.4443 0.3559 0.3609 0.4402 0.4352 0.4336
2006 0.3386 0.3106 0.3058 0.4528 0.3796 0.3903 0.3778 0.3352 0.3946 0.4183 0.3978
2007 0.3239 0.3123 0.3516 0.4293 0.3553 0.3592 0.3525 0.3206 0.3789 0.3887 0.3976
2008 0.3181 0.3087 0.2982 0.4086 0.3329 0.3553 0.3031 0.3308 0.3583 0.3660 0.3790
2009 0.3084 0.3164 0.2972 0.4054 0.3221 0.3299 0.2967 0.3095 0.3443 0.3644 0.3699
2010 0.2858 0.3041 0.2912 0.3866 0.2980 0.3140 0.2770 0.3092 0.3621 0.3403 0.3257
2011 0.3151 0.2955 0.2915 0.3770 0.2905 0.3206 0.2718 0.3239 0.3403 0.3487 0.3822
2012 0.2824 0.2877 0.2811 0.3666 0.2792 0.3311 0.2759 0.3149 0.3141 0.3338 0.3316
2013 0.3086 0.2851 0.2924 0.3664 0.2923 0.3358 0.2685 0.3186 0.3135 0.3195 0.3071
2014 0.2942 0.2797 0.2811 0.3615 0.2936 0.3202 0.2905 0.3083 0.3105 0.3125 0.2919
2015 0.2768 0.2822 0.2910 0.3521 0.2916 0.3266 0.2827 0.2983 0.3031 0.2971 0.2863
2016 0.2855 0.2716 0.2838 0.3258 0.2924 0.3314 0.2728 0.2825 0.2926 0.2908 0.2837
2017 0.3028 0.2611 0.2734 0.3083 0.2792 0.3122 0.2551 0.2767 0.2975 0.2714 0.2748
2018 0.3010 0.2655 0.2809 0.3156 0.2715 0.3155 0.2956 0.3066 0.2905 0.3064 0.2978
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Fig.2 Urban Comprehensive Vulnerability Index of Guan-
zhong Plain urban agglomeration by each cities in 2004—-2018
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Table 3 Classification standard of Urban Vulnerability Index of Guanzhong Plain urban agglomeration
TREIT R LA TR 2V IS TR AL AR TEEE R 1 B e 55 AL BTG5 T5 4L
R B >0.3822 >0.1019 >0.2028 >0.0550 >0.0773
B s 0.3239~0.3821 0.0747~0.1018 0.1826~0.2027 0.0438~0.0549 0.0667~0.0772
s R 0.3151~0.3238 0.0660~0.0746 0.1620~0.1825 0.0350~0.0437 0.0541~0.0666
BN g5 0.2809~0.3150 0.0568~0.0659 0.1491~0.1619 0.0306~0.0349 0.0464~0.0540
IR e 55 )32 <0.2808 <0.0567 <0.1490 <0.0305 <0.0463
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Fig.3 Spatial differentiation of Comprehensive Vulnerability Index of Guanzhong

Plain urban agglomeration in 2004, 2011 and 2018
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Table 4 The impact index Q value of urban vulnerability

of Guanzhong Plain urban agglomeration

Ay

itk
2004 2011 2018
X, 0.702 0.102 0.506
X, 0.931 0.699 0.573
X, 0219 0.234 0.566
X, 0.572 0.666 0.197
X, 0.170 0.617 0.577
X, 0.174 0318 0.289
X, 0.210 0.486 0.888
X, 0.597 0.534 0.291
X, 0.833 0.753 0.593
X, 0.531 0.776 0.327
X, 0.799 0371 0.785
X, 0.533 0.797 0.118
X, 0.520 0.180 0.383
X, 0315 0.321 0.284
X, 0.278 0371 0.145
X, 0.635 0.476 0.340
X, 0.475 0.175 0.490
X, 0.561 0.325 0.771
X, 0.887 0.306 0.673
X, 0.642 0.761 0.590
X, 0.276 0.527 0.343
X, 0.292 0.378 0.203
X, 0.603 0.709 0.789
X, 0.498 0.455 0.460
X, 0.817 0.399 0.469
X, 0.549 0.568 0.365
X, 0.830 0.524 0.248
X, 0.419 0.440 0.133
X, 0.882 0.735 0.200
X, 0.229 0.267 0.513
X, 0.153 0.452 0.383
X, 0.738 0.696 0.417
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Table S Interactive results of Urban Vulnerability Index of Guanzhong Plain urban agglomeration
2004 4F 20114F 20184F
ANB 0, 0, THKF ANB 0, 0, THKF ANB 0, 0, THIR
XNX,, 0702 0292 XUHTHIE XNx, 0699 0318  WATFHEE  X,NX, 0460 0383 dRZkiRngim
XNX, 0702 0817  EZPEeR XNX,, 0318 0455  EZRPEMHR XX, 0566 0284  AEZRPEMESR
XX, 0292 0817  XUHTFHR xXNx, 0318 0735  WHTFHR XNX, 0506  0.566  BUHFHER
X,NX, 0292  0.882  WHFIEH XX, 0318  0.568 ALtk XNX, 0506  0.590  BUH-FHEHR
X,NX, 0549 0229 AR XNX,, 0699 0440 A FHR XNX, 0506 0383  dARZPEHER
X,NX, 0315 0931  MATFHR  X,NX, 0455 0440  CAEZRMEHESR X,NX,  0.590  0.513  BUA TR
XX, 0315 0561  ARLENR XX, 0318 0761  WANTHIEE X, NX, 0513 0383 ARZRMEngER
X,NX, 0315 0887  XUHTHM XNX, 0318 0180  IARLbEHR XNX, 0506  0.888  BUH TR
XX, 0315 0549  ARZRMEMEER X N, 0180 0399 ARLRMEHE XN, 0506 0327  AZkvEEeR
X, X, 0561 0549 XUE TR X,NX, 0440  0.696  XHFHER XX, 0673 0469  WHTFHIR
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Research on spatio-temporal evolution and driving factors of
urban agglomeration vulnerability in Guanzhong Plain

Xu Chenxi‘, Wan Honglian®, He Ruonan®, Yin Peng’, Ni Jingfeng’, Huang Min*, Wang Xiaoli’
(a.School of Geography and Environment / b. Shaanxi Key Laboratory of Disasters Monitoring and Mechanism Simula-
tion, Baoji University of Arts and Sciences, Baoji 721013, Shaanxi, China)

Abstract: As the research area, the urban vulnerability of Guanzhong Plain urban agglomeration is measured
comprehensively by entropy value method, and its spatio-temporal evolution characteristics are analyzed and
driving factors are explored by Geo-detector. The results showed that: (1) From 2004 to 2018, the urban vulner-
ability of Guanzhong as a whole shows a decreasing trend in terms of time, which presents characteristics of high
around and low in middle in 2004, and vulnerability types mostly present high and higher in space; the vulnera-
bility gap between cities gradually decreases and tends to be stable and low with well development, which lateral-
ly reflects that social factors contribute more in influencing the urban vulnerability of Guanzhong. (2) The influ-
ence of local fiscal revenue, Hoffman coefficient and harmless treatment rate of domestic waste on urban vulnera-
bility increases year by year, while the influence of fixed asset investment density, ratio of science and education
expenditure to fiscal, natural population growth rate, urban registered unemployment rate, and ratio of days
with good air quality, centralized treatment rate of sewage treatment plants and industrial wastewater discharge
density in built-up areas on urban vulnerability diminishes year by year. (3) There are interaction effects among
the driving factors; the interaction results have significant effects on the urban vulnerability of Guanzhong. The
social environment largely constrains the development of economic scale, urban infrastructure and ecological sit-
uation with a strong influence on urban vulnerability in 2004. The coercing of economic structure to Guanzhong
is the main factor of urban vulnerability in 2011. The economic scale is the key factor that constrains develop-
ment of Guanzhong and affects urban vulnerability, the interaction between degree of environmental pollution
and resource utilization has a stronger hold on urban vulnerability in 2018.

Key words: urban vulnerability; Guanzhong Plain urban agglomeration; spatio-temporal pattern; geo-detector



