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Gridded assessment of eco-environmental vulnerability in Nanchang city
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Abstract: Scientific evaluation of the fragility of the ecological environment is of great significance for the rational use of
land resources and regional ecological security. Taking the Nanchang City as a case study area, we developed an index-
based system for eco-environmental vulnerability assessment based on the ecological sensitivity-ecological recovery-ecological
pressure model. Utilizing the spatial principal component analysis method, the global Moran’ I index and LISA clustering
map, seventeen indicators were selected and used to analyze the spatial and temporal distribution and driving factors of the
eco-environmental vulnerability of Nanchang City from 2000 to 2015. Our analyses show there was an increasing trend from
light to medium vulnerability in Nanchang City from 2000 to 2015. The spatial heterogeneity of eco-environmental
vulnerability in Nanchang City is obvious in both 2000 and 2015. Among the administrative divisions in Nanchang City, the
areas with the highest environmental vulnerability were mainly distributed in Donghu, West Lake, Qingshan Lake and Wanli
districts. In 2000 and 2015, there was significant global spatial autocorrelation of the eco-environmental vulnerability. High-
high (HH) areas were mainly distributed in extremely vulnerable regions, and low-low (LL) regions were associated with
negligible and lightly vulnerable areas. From 2000 to 2015, the drivers of eco-environmental vulnerability in Nanchang City
were population density, per capita GDP, per capita arable land, slope, topographic relief, average annual temperature,

extreme maximum temperature, extreme minimum temperature, and average annual precipitation.
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Table 1 Eco-environmental vulnerability evaluation indicator system in Nanchang City
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Table 3 Eigenvalue, contribution rate and accumulated contribution rate of principal components
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Table 4 Classification standard and its ecological characteristics of eco-environmental vulnerability
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Table 5 The connotation of different LISA clustering models

LA Clustering types P X Connotation
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3 ERSW

3.1 AT P AR A PR ME 55 R R

454G 2000—2015 41 & 7 AR IR S5 TP 45 3R (36 6) Fas (Rl 3 A I (] 2) , 2000 4 R e 55 T AR
o7 F B i, PR AT AR 51.27% , B e X s K pg R X mE S B AR S R X 2 B AR
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Table 6 The results of eco-environmental vulnerability evaluation in Nanchang City from 2000 to 2015

2000 2015
e 559 M 2 L/ % He/ %
- T L T 7 S ey it/ %
Vulnerability level ; Percentage . Percentage of
Grid Area Grid Area
of total area total area
TME &S Negligible vulnerability 1815 3800.28 51.27 269 528.46 7.12
BRREHESS Light vulnerability 1111 2383.16 32.15 539 1136.03 15.33
FFEEHESS Medium vulnerability 291 579.38 7.82 911 1941 26.19
T NEFT Strong vulnerability 38 74.08 1 1263 2647.15 35.72
W MESS Extreme vulnerability 256 574.89 7.76 529 1159.15 15.64
23t Total 3511 7411.8 100 3511 7411.79 100
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Fig.2 Spatial distribution of eco-environmental vulnerability from 2000 to 2015

3.2 H(IX) $E N A S IS I 55 AR L R RAE

2000—2015 4F[H], ZR 5 DRIV I XA A P05 e 555 P e ARG B8 R o 5 oy =, R T80 IXORIT 7 989 IXf Iy o 4
AR EIRIX S 20 B D 2 o DX 3, IH e AR, N 8 3R AR S Al 75 Ll X S8 7 3 T 3k
X, X P =0 =30 sg G A8 (HBE R Tl AL bR A s e | X N A SR BRI A ™ 8, o HR B 22 X
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Table 7 The results of eco-environmental vulnerability evaluation in different administrator divisions

TR e 55 R M5 o B2 e 55 o 55 e i M 55
FRIX Negligible Light Medium Strong Extreme
County 2000 2015 2000 2015 2000 2015 2000 2015 2000 2015
ZRIIIX 0 0 0 0 0 0 5.05 18.08 94.95 81.92
PEH X 0.32 0.58 1.44 2.51 0.84 1.58  20.02 47.66 77.38 47.66
WX 1.9 0.52 0.19 0.27 1.97 1.6 7.5 9.61 88.45 88
HoREX 0 0 0.89 3.89 0 2.76 0 46.68 99.11 46.68
EHIX 1.67 0.74 5.81 1.47 3.46 5.21 4.81 11.5 84.24 81.08
B X 58.93 10.81 22.39 13.18 17.2 30.17 0.64 33.67 0.84 12.18
P& 30.44 0.26 60.8 7.48 5.94 20.7 1.43 58.04 1.38 13.52
iz 53.86 13.22 41.19 31.31 4.95 37.67 0 17.66 0 0.14
I3 61.36 0.63 33.85 8.57 1.39 18.26 0.68 56.45 2.72 16.09

3.3 IR S R A A AR BRI I 58 M R

MR - MO YA SR BE G 55 P 2545 48 BOR TR (3R 8) ,2000—2015 4F[8] R B 1 A8 25 P05 e 553 2 22
I P R R 53 1] v B Y s e AR R i A R XN A SRR R AL . AN IR] st R R B AR A PR I s M 2
FRECR B /N A 22000 48 FEBCH M > F > HE b > ARt > R M > 7K 5805 2015 48 FE BT 3> B b > 7K 5> Aot
SHOHSAH I, oAb B A PRI IE 55 PR LR 5 1R BUA 2 fie 5 I M AR el B P s o A B2 g 3 e 72 T
JEE I 5555 5 AL | F s R SORIAR M T M R R g 5 2 D vh BE Mg 5 o 2 b mT L B9F 5 IXC P 4% e ) 2 TR ) A 25
PRI G 55 1 S s B R AR SR B IR

F£ 8 2000—2015 E£ARE L HF AEB A SEFEEEIEH

Table 8 Eco-environmental vulnerability synthesis index for different land use types from 2000 to 2015

Ay Goimi) N LS K, A 4 A FH Gt
Year Farmland Forestland Grassland Wetland Construction land Unused land Total
2000 2.83 2.825 2.909 2.8 2.988 2.801 2.859
2015 4.662 4.177 4.052 4.381 4.762 3.999 4.339

MASTR] A A1) 20 A= 25 PR M 555 DX AR ] 0 (52 9) , 2000 AF kM | 55 M | A 1) FH s A58 A2 G 55
Sk A2 5 PR D ARRE RN B G55 by 2 W M 55 TR 5 K B AU R B e 55 o T R R S R s R b A
FERIRR BRGS0 . 31 2015 4F Bkt AUbk s 22 80k LA EE BE A eb B G 55 0 32, WRRE B 55 VR =2 5 B i LA R At
JEE R 55 A = 5 7K ek AR B AR e B 55 R o SRR B IS Uk 2 5 AT M L o AN B IS R 3, P RIS MR R
R b DA H R B R S M
3.4 SIS 8] 4 RARE

2000 4FF 2015 4FAE R IAEEME 551 1Y 42 Js) Moran' T 45484351 4 0.8827 F1 0.7686, 1] I, 2000 4F- 1 2015 4F
M E T A SIEENESS M A BB A0 B AHSC, HoRIEAHE (B 3) . M LISA REEDRE (& 4) ,2000 4F =
R XA e W55 X, S b T B T R IX | g 2 BVl X 5 PR 2R B DX A7 6 U A B i 55 X, 4R
o TR X R AR A M ARG R A X R L X e S R R AR AR X e B B PSS IX; 2] 2015
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AF, i e SR X — 2P 1) S i B X, SRR e pl B X B XL 22 SCEL DY pi i B S e b
FRHLIX 355 2000 4R B T SEEAL AN Tl s i | it iU 3 sk SRR OG IR SR AR IX 2 o R
FMAEHTE X RIHR AR SR AL AR X Bt EL AR | rp i S e O X B LY R HLIX R WL, 2000—2015
AR B AR AR N S e A R A R AR PR R AL, v i SR X A A R 5 X AR ARR AR IX 5
JEE TR JEE M 58 DX AR O

R9 2000—2015 FARE L ibF) FARBEHHETMER ( @R/ km?)

Table 9 The results of eco-environmental vulnerability evaluation for different land use types from 2000 to 2015

e TR HESS RN SRE e NG e BE e 53
R Negligible Light Medium Strong Extreme
Land use types

2000 2015 2000 2015 2000 2015 2000 2015 2000 2015

#HFHb Farmland 2358.91 130.81 1291.68 376.5 153.37 867.79 26.93 1455.11 164.92 559.82
B Forestland 428.97 110.48 386.33 190.43 98.62 253.76 19.84 220.02 218.56 211.17
b Grassland 32.18 11.54 31.61 16.77 9.08 9.56 0 9.75 3.13 5.66
K3 Wetland 693.1 127.56 524.64 362.1 288.23 369.68 19.17 523.07 60.09 97.05
FEUE ML Construction land — 198.94 88.97 78.41 125.95 10.11 240.18 7.37 337.07 125.28 277.9
KFIFHHL Unused land 88.19 59.1 70.49 64.28 19.97 200.04 0.78 102.13 2.9 7.55

LH HH
Moran'/ = 0.7686

(B 5 Spatial lag

73
ol

LL HL LL

ARSI LR A PR B R A

Ecological vulnerability index (standardization)

B3 2000—2015 £ 4 55T % Moran'I 355

Fig.3 Eco-environmental vulnerability Moran ‘I index from 2000 to 2015

3.5 WS IRE ST

454 2000 F1 2015 4F 3 B4 20 A 4 (32 10 A& 1), 3007 22 B0 SRRz 3R sl R X A 285 PR if 555 2k
A, 2000 4F, 55 1 B 5 NS E A GDP A B 5 = e E A BRI G X SR T 3
BRI N TR 3285 2 IR, AT A R N I B R Rk 2 22 5% R T MY, BERRR N 24.37% 555 2.3 F A
5 HIE AR AR AR A e e A e (IR AR K A A I H IO BRI R G, 4 2 R
TERVSGORIL , AT BAE HARASIE F R, TTRR 5K 23.188% 14.879% ;55 4 5 .6 T 405055 13— LAt o
FREL SO AEVERR B SO EAHOC , 43 I 3RAE A SR FIAt 2 28 55 A IR DL , TTRRR 53910 8.507% ,6.448% |
5.92% ., % LA IL,2000 4ERG B AR S EREEME SRS IR £ E M AN B A3 GDP A #EHL 5 —
v LCEE W R AR AR AR i e T AR B AT AR SR R K e Ak R RN H K,
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4 2000—2015 FAESHEAET M LISA BEE
Fig.4 The LISA aggregation of eco-environmental vulnerability from 2000 to 2015

R 10 2000 E£ERHHTER

Table 10 The load matrix of principal components in 2000

PEM TR bR FE 143 Principal component

Evaluating indicators PC1 PC2 PC3 PC4 PC5 PC6
R 2 Elevation 0.56 0.5069 0.3821 0.3441 0.0905 -0.0411
Wi ¥ Slope 0.4815 0.6562 0.4572 0.1686 0.1263 -0.0028
HIE AR Terrain relief 0.4701 0.6618 * 0.4507 0.1559 0.1331 -0.0032
SEM LAY Landscape diversity -0.244 0.3354 -0.0395 -0.0417 0.8075 0.0379
SRR Landscape fragmentation -0.0364 0.0011 0.0799 0.051 -0.0082 0.9913 "
+ 1 F 2SI Land use type -0.0441 -0.5217 -0.4096 0.4375 0.0961 0.0841
AFEFS L Annual mean temperature -0.4368 0.7396 * -0.2605 0.2509 -0.1798 -0.0233
AEHJ 47K B Annual mean precipitation 0.0246 -0.4545 0.7655 -0.1356 -0.0307 -0.0196
ﬁiﬁi’iiimum emperature 0.4546 -0.7107 * 0.1448 0.1461 0.1453 0.0048
Eiﬁiﬁimum lemperature -0.5918 0.6607 * -0.0427 -0.0272 -0.0307 -0.0059
gﬁiﬂiiirm days 0.1323 -0.5462 0.6849 * -0.2173 0.0659 -0.0091
igii‘;“ﬁffd difference -0.4555 0.0707 -0.1459 ~0.7287" 0.2706 0.0273
N B Population density 0.8261 " 0.1914 -0.3877 -0.1946 0.0391 0.0481
A4 GDP Per capita GDP 0.8236 0.1915 -0.4615 -0.1248 -0.0133 0.0417
Akt Per capita cultivated land 0.7061 * -0.1189 -0.3614 -0.1708 0.2982 -0.0416
T 1 F R Degree of land use -0.1291 -0.5881 -0.3079 0.5106 0.2567 -0.0711
BorLHE 0.6814 -0.0104 -0.1993 -0.2331 -0.3218 0.0283

Proportion of the second industry

# N2 TSP TR AR B R IR A [N T

2015 4555 1 BN h B M AR B AR RS A o o iR | ORI R BB 1 ST R SR AL R, 5 2000
AEAREL, B 1 0 N TR -85 8 S A 5 78 Ry A SR AR R ALY, 3X 5 2015 45 B X LA 31
DI TT B R IRPVR A DE, 55 1 STk R 23.998% , 45 2 Al 3 F o5 i AR N BB
ANHEHL A4 GDP AEYRE K A B R AARIC , TR0 BTk 31 ok 20.82% (16.171% 5 7] UL, BAREE 1 F %
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TIR A ARAS R R U (BN H -2 50 R AT IR 2 R R Flg 2 T AR SRS e s M 0 UK 3l 5 55 4 A S 24T
I3 5 IH— AR B B SO PR RS RO SE , STHRR 31 R 9.956% 6.985% ;5 6 T2 73 1 2Z i ) S5t WL e
BEREAE R 580 L EEAR G, TTRRAN 6.346% . L nl 1, 2015 4F 1 B i Az A5 R 553 1 3 20K gl [H 1
I MR BE ARSI A S i e iR | R AR B A A AR N VSR A GDP AR
K

R11 2015 FERSHETER

Table 11 The load matrix of principal components in 2015

TEN 454 FAL4Y Principal component

Evaluating indicators PC1 PC2 PC3 PC4 PC5 PC6
R T2 Elevation 0.5343 0.5699 -0.3087 0.3265 0.1704 0.0145
Wi Slope 0.6829 " 0.5057 -0.3518 0.1707 0.1437 -0.204
HIEALIRE Terrain relief 0.6885 " 0.4936 -0.3454 0.1579 0.1444 -0.2128
SO ZHFEME Landscape diversity 0.3563 -0.056 -0.049 -0.3923 0.6188 * 0.252
SV Landscape fragmentation -0.2826 -0.0188 -0.1613 0.4807 -0.5763 0.0664
3R 2SR Land use type -0.5018 -0.0612 0.3845 0.2622 0.2929 0.3265
4EHS IR Annual mean temperature 0.6621* -0.5897 0.0102 0.3063 -0.0549 0.2383
AEHJ 47K B Annual mean precipitation -0.4791 0.2577 -0.745 " -0.2223 -0.0652 0.1665
ﬁii’?ﬁimnm lemperature -0.6588 * 0.5664 0.0666 0.1021 0.1348 -0.2514
Ejﬁi@imm emperature 0.5702 -0.6584 * -0.192 -0.0077 -0.0999 0.1463
zﬁiﬁizim days -0.5414 0.3599 -0.5919 -0.3016 -0.0735 0.0602
VNeZ(Zitl:)irTna(—llfjd Difference 0.0729 -0.4419 0.123 ~0.7465* -0.07 -0.2253
A% Population density 0.3258 0.6857 " 0.4903 -0.1124 -0.1845 0.3001
N34 GDP Per capita GDP 0.3145 0.3139 0.8073* -0.0176 -0.1177 -0.0309
AYIHEHL Per capita cultivated land 0.0082 0.6918* 0.5392 -0.2554 -0.1094 0.0179
+- o AR E Degree of land use -0.6288 " -0.0803 0.1247 0.359 0.3998 0.2673
Bl LE -0.263 -0.4013 0.2723 0.2626 0.2252 -0.6564*

Proportion of the second industry

# FRA TS TTRR B R B R [T

4 #ig

ARCLLEE B A AFAE X, 245 A4 18] £ a0 Mk 42 JR) Moran'T 8 80F LISA JKIA] 00 HUAK I RUBE
X 2000—2015 4 Fg & T A= A PRI 55 VE A IR RRIE B AK S I #EA T PR AT TS BB .

(1)2000—2015 4[] g (3 7 AE AR PR i 55 1 52 00 e 40 R I 583 ) b 5 A 3553 722 () b 32, LRI AR 40 B i 55
T FRAN T 4 Dok 50 38 AR B M 55 AN BT 5 . 7 (2 T 2R A IR B G 55 1t A SR B SR PR AH ELAE R A,
NVEEE NH) GDP AP B B M e AR B AR 4 A o e v i A s B (VR L L A 8 A /K o oy 32 B
ST,

(2)2000—2015 4F5g B A B XA S BEME 55 122 5 B0 0, P AR X a0 X 75 Ll X 3 =% X
FLIX 5 A XA i 555 0 R e v, G 2 PR e AW 5 R B 8 Y 553 A, A 2L DX 553 P R i M A

(3)2000—2015 45 (2 Bl A 18 FH Ml phy 8 3 i 555 2 o s B I 557, MR 7 e K 3R R ) P e o 4
i 55 2 Sy v BE I 55, AT DLAHF 91X PN 45 R T S AR 1% A 25 B 5 e 55 e T S G i R A SR AR R B AL
e

(4) B8 BT ARSI NE 55 M HAT B 0 9 25 (8] F ARG, HLOR IE ARG, 1 SR A DX AR rp T R I 551X, IR A1
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21 22 Ik, 7 B T T b AR B G i b, DRk 9 28 55 & R el A RS st AR S IR T . 4 R
VB R N3 B 0 LR e, LR R 25 A SR B I 5 v

2000—2015 4, B B Tl 4 AR BE MG 55 MR 38 e, DX P9 A= S PR B Ak, X — W 9 LR S5 e B T SE PR
THL—3, 2000—2015 4F1 2 17 - Hi R FHAS LRI Z 42 BE A5 1= bR FH S B0 %% T AR R 20/ Bk b > 7K k>
kD> FE > R F P> B Hod #E i 3995.81 km? 4608 2 2904.49 km” , 4 56.47 %% My i35 b ; 7K
B 1 AR K 470.67km? 5 W0 AR Y 29.69% , A5 23.02% 17.61%%3 1AL ki R 15 b AR i FR
1152.32km* 45080 798.5 km® , Hoip &2 B A (5 M sl D AR Y 72.17% , 0T UL, Bl 25 3k i AL AR B Bk, 7 B
T TR B, TP e — 2k, KN BRI b, 51 & 1) 2 K SR ik K 7k KA S 3R
B

AMFFE 5 R 2SR5 08 DX EZARIAE LR =518« (1) T A% IGO0 R BE SR A 5 Th Sl 25 14 F i A= 28 3R
BEMe s, AR T PEAN B 76 23 (B 40 AR 0 S Bt 401 15 L, T LA B 140 28 18] 20 A RRAE A AL
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