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Abstract: Ecological security is one of the fundamental guarantees for regional social and economic sustainable
development ; however, ecological environmental vulnerability threatens regional ecological security, which is essential for
evaluating ecological environmental vulnerability in urban agglomeration in the Fujian Delta region. We selected 13 factors,
including elevation, slope, lithology, soil type, normalized difference vegetation index, annual mean precipitation, annual
mean temperature, population density, per capita GDP, road density, landscape diversity index, degree of land use, and
industrial solid waste emissions in 2000 and 2015, based on the spatial principal component analysis method, combined
with global Moran "I and LISA clusters based on five quantitative characteristics, spatial patterns, spatial clustering,

vulnerability differentiation of land use, and driving force to analyze the ecological environmental vulnerability and its
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driving force in urban agglomeration in the Fujian Delta region. The results showed medium ecological environmental
vulnerability in urban agglomerations in the Fujian Delta region, but showing an increasing trend from medium to strong
vulnerability from 2000 to 2015. From 2000 to 2015, ecological environmental vulnerability showed an overall gradual
increasing trend from the southeastern coast to the northwestern inland, with obvious zonal characteristics. The increase in
the ecological environmental vulnerability was not obvious in the southeastern coastal area, and even declined in some
areas, but increased significantly in the northwestern inland. Ecological environmental vulnerability had a significant spatial
autocorrelation , and significant positive correlation, with a significant high—high clustering in the northwestern inland and a
significant low—low clustering in the southeastern coastal area. The clustering characteristics showed some spatial migration
and expansion over 16 years; from 2000 to 2015, there was a relative heterogeneity under different land use types, and the
ecological environmental vulnerability index was always in the following order: forest land > unused land > grassland >
farmland > wetland > construction land, with a transition from medium to strong vulnerability. The driving force of
ecological environmental vulnerability changed from 2000 to 2015, but population density, landscape diversity, lithology,

and soil type were the main driving forces in urban agglomeration in the Fujian Delta region.

Key Words: ecological environmental vulnerability; driving forces; ecological security; urban agglomeration in the Fujian

Delta region
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Table 1 Evaluation and standardized of ecological environment vulnerability assessment indicator

NS bR FrEALIR(E Standardized value
Evaluating indicators 2 4 6 8 10
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W Slope/ (°) <5 5—15 15—25 25—35 >35
A —ALAEEHE EL(NDVI)
Normalized difference >0.65 0.5—0.65 0.35—0.5 0.2—0.35 <0.2
vegetation index
KB /o

it/ >21° 19—21 17—19 15—17 <15
Annual mean temperature

R =/
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] 8% B 2
BRI/ (lom k) <0.4 0.4—0.7 0.7—1.0 1.0—1.3 >1.3
Road density
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Table 2 Eigenvale, contribution rate and accumulated contribution rate of principal component
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Table 3 Classification standard and its ecological characteristics of ecological environment vulnerability
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Table 5 Area and its proportion of different ecological environment vulnerability from 2000 to 2015

e T e e 2000 2015

Vulnerability level 2 Area/km’ 15 EE Percent/ % MR Area/km? i Eb Percent/ %
% ME 55 Negligible vulnerability 4345.35 17.95% 1956.10 8.09%
RPENESS Light vulnerability 6636.12 27.41% 4056.55 16.78%
G55 Medium vulnerability 6998.32 28.90% 6692.02 27.68%
T EMESS Strong vulnerability 5935.64 24.51% 10260.81 42.44%
e SRR Extreme vulnerability 299.06 1.24% 1209.42 5.00%
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Fig.2 Spatial distribution of ecological environment vulnerability from 2000 to 2015
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B4 JR) Moran'I( 32 6) . 455 W7KR 12000 F1 2015 4F: i =
PO R A S R B I 55 0 A9 19 42 =) Moran” 1 48584 3
4 0.8595 F1 0.8617, Z 154343 5l 4 19.4253 F1 19.4919
(£ p<0.05 F,24121>1.96 i BF5E X G455 6] | BA
I F 23 [ Q*ﬁ%@,ﬂ%’l Moran’ I 880K TFZN R 1E
AHSE, /NTF 2RI R SR 2 ) | B 2000 4F AT 2015 4R
] = 308 T R ) A S A B G 5 M A7 A B 1 25 ) A
Kotk , HoA W IEARG
3.3.2 Jmih Moran” I vulnerability from 2000 to 2015

TE4 J7) Moran’ 1 B9 JE Al [, 3F — 2 11 58 H R &K
Moran’ T, 3 H A5 2] LISA J2EME, WA 4 Ji7R :2000 F1 2015 45 [ = £ 30T HE A A PR I 55 1k S B0 oh 25 10
2 (A AR RPEARAE , JF DA i BB AR (H-H) MR R AE (L-L) A3, WIED 1Y 25 ) 42 B PR A AR e R e 3ok 3
AR IA], BDZE R DX P A A 1L DX b 52 300 i S 285 1% e v SR, 3 W s 4 bt DX ) 2% vy SR A IXC T 7 7 T Y VT
J B DX v D 52 00 S AR APRAEG SR A | 2 T 3k 8 Ml X P PR SR 4 IX 5 1 HE A A TR BR T A2 TR PR A I 2%
B AR Z R AR MR RE Y 5K 4 2015 4R AH H 2000 4F, 76 A5 X PG R S0 A 4 33 0
T AR TR ™ S, VE LR 2 bty 11 155 v AR R ARG T AL 5 1 7E AR R S AR SR Ay T ik M
AL UL, 2000—2015 4[], i) = Ff 380 TRE A A8 PR 5 I 55 M 78 23 1) L A 2 RAFAE Y A AR B2 B a2 8 gk, 28
(S-S =S ey R

B3 2000—2015 EAESHERFET U= EHFE

Fig.3 Spatial distribution of change of ecological environment

Fz 6 2000—2015 F£EFMERBHESEEHEXSEH

Table 6 Spatial autocorrelation parameters of ecological environment vulnerability from 2000 to 2015

4EA)y Year Moran’ T 38%% Moran’ 1 index HHEE Y Expected value 7 183 Z-score
2000 0.8595 -0.0063 19.4253
2015 0.8617 -0.0063 19.4919

3.4 OR[E] R S A e 55 1 o R

TEAE IS PRI 55 1k ) PP 4l R B 255 18] = 8T 2000 F1 2015 4F 09 - M A T =X, i — 2040
ANt R FH ST R (9 AR AR B ME 59 PR I 25 20 SRRAE . N 7 IR ) = 3 A AR A e 55 M AE AN )+
WA XA —E RS, 78 2000 45, bR == 2 L B I 555 R o 38 B 555 Ry =2 5 e b L B B Jf 559
T RE I 555 A 2 5 KB B R R T Y b LR G 555 R I 55 D 3 5 SRR P b O % R e 555 R B R 55 O 3=
1M 2015 AFA bl | B b = 2 L2, vl 3 i 555 00 3 555 o 32 5 /KRR b 2 DR R e 55 A B B 55 o 2, i
FH HbATS LAGRE I 555 RN B I 555 oy 32 5 SR AR b A L B i 5 R o B i 5 32
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Fig.4 Distribution of LISA clustering of ecological environment vulnerability
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Table 7 Area of the ecological environment vulnerability level for different land use types from 2000 to 2015
T M 55 BRI o B2 e 5 N5 e Ja 555
-l A 2R Negligible Light Medium Strong Extreme
Land use types vulnerability vulnerability vulnerability vulnerability vulnerability
2000 2015 2000 2015 2000 2015 2000 2015 2000 2015
MH Forestland 974.54 250.10 4058.65 1448.39  5780.79  4535.52  5334.75 8659.30 290.16 1127.24
b Grassland 16.10 3.80 43.31 18.71 45.67 47.63 19.93 64.84 1.05 3.00
IR Wetland 185.40 79.01 144.93 147.95 53.62 110.37 21.19 59.31 0.08 3.32
#HEHb Farmland 1754.54 630.31 1853.39 1399.04 974.62 1430.47 492.59 1215.50 7.11 66.13
a8

%uﬁﬁi&- 1400.19 984.83 506.09 1018.14 115.22 549.92 27.82 236.44 0.19 7.96
Construction land
AF| A H Unused land 9.03 7.70 31.48 23.68 27.18 18.79 35.53 26.13 0.24 1.31

M - I FHZE AU B A A8 IR e 55 PR BORE (38 8) ,2000—2015 AFR], ] = £ S T R A 22 25
e s P A R B s O T (LS B ey v R G55 1) R g 59 o O ) BA R B AN TR M IR YR
SR M 555 1 48 O/ MU G 28 A7 b b > A ) P > e > 0 b > 7K 3> 15 Pt . G bkt 0 R )
O G 55 1) B8 3 3o, Ot DA R 58 S99, AT DA T G 53 1 A R o e 9 T
IR e 555 1 S S A AR R R AE . ANHE R B, 2000—2015 AR [7] 45285 + Hi R FH SRR 1 26 28 PR B e 55
AN TR B P3G 5, G e R T /K SR P 4 M B i R, R e 1 A 2 PR i s M A

F 8 2000—2015 F£ARELHF ALBMAESHERBELESIEE

Table 8 ecologica environment vulnerability synthesis index for for different land use types from 2000 to 2015

80
S
Hi A
HuAn
EopE)

Ay it L) K3 W A A A Hb JERVN
Year Forestland Grassland Wetland Farmland Construction land Unused land Total
2000 8.79 8.09 6.57 7.09 5.82 8.50 8.14
2015 9.93 9.42 7.77 8.34 7.06 9.63 9.24
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ER A A ARIKEN o, RS 2 R SR A STRREOR 55 3 R b e MR e TR Y BT Rk
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S5 IR FH QLo . m] UL, 2000 4F FR) = Ffy 3ok i A A AR 1 K Eh K RN DV RS AR e
P EISTURIERE | W e A B P B NDVI ARSI AR KD N GDP | A R E A Tl [ A% 5
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Table 9 The load matrix of principal component in 2000

PEMAEHR F U5 Principal component
Evaluating indicators PC1 PC2 PC3 PC4
5 7& Elevation 0.3313 0.3354 -0.0321 0.0987
Wi Slope 0.3368 0.3341 0.3220 0.4519*
44k Lithology 0.0600 -0.3666 0.7593 * 0.2754
NDVI Normalized difference vegetation index -0.1978 -0.0125 -0.0573 -0.1377
AEH43R Annual mean temperature 0.2662 0.2902 -0.0803 0.1055
+ 32T Soil type 0.1882 0.4292* 0.4152* -0.7325*
AEHJ 4K B Annual mean precipitation 0.2067 -0.0379 -0.0422 -0.0606
A3 GDP Per capita GDP -0.0932 0.1320 -0.0440 0.0931
A Population density -0.4092* 0.3767 0.0968 0.1175
1% W% % Road density -0.1239 0.3472 -0.1356 0.3074
SEMZFENE Landscape diversity 0.4831" -0.0530 -0.3138 0.0804
+ R FHERE Degree of land use -0.3898 0.2890 0.0775 0.1170
Tolb B A B S HE AL Industrial solid waste emissions -0.0908 0.0725 0.0241 0.0529
# R AT P TTRR A (1 5E 0w 1K

H1 2015 4F 3250073 M i i B A BT R (3R 10) AR 565 1 E o R At -2 5P 0Kl iy, Horb A
1% BE RS L AR PE ) ST AR, SR 101 8 B RIS WL AR PR S A e R B 1) R AT SR A M IX A A 3R S5 e 55
Ve 1B ROURBN Ty 5 25 2 SRR R 2T UKl FE A, g 10 o R R Tl % 5 S A HE R A STk, 2R W
B 220 1Y R, P BE TR 43 S A TR0 Tl ey bR i o 2 iy 12 DX A 2 B A5 G 38 1 00 56 — R 3K 5l 5
55 3 M 4 o A AREKES , I LR USRS R B STk iR R, SR T AR AR K S Dy 22 B K Sl BT
A A ARAS TR AEAT X 12 0 DX ) 2R 25 RS Mg S MRS 1) — 5 B 20/ . il L, 2015 4 [ = Al Tl e A 2530
S0 AR R T N VR R SR R | 0 2 R T AR P S R A e | SRR e A | 3
J& NDVI AERJE A GDP AFE /K A L s A IR RE X 7 A4S FAE T 4 A 0 i stk S 5008, I
AF 2015 4F [ = S i R A A ERBE I 5 1R A 2 B A

4 ZE5EW

41 Z5ig

ARSCAL AT ] = A3 R REER SR R AL, 56T D] S5 SR BT 13 A it X AR AR ERE e
SSPERA AN A 5 S T PP R IR R 2R T8 18] R 70 i, X5 2000—2015 AF 18] = A 3ok s B A9 A 25
P G 55 P N 2 S AR R S KBl T BEAT IR A T, AT

http ; //www.ecologica.cn



12 1] ARG A R = AT I A A PR 55 1 S LR Bl g 23 A 11

F10 2015 FE T HEIER
Tables 10 The load matrix of principal component in 2015

LR F 43 Principal component

Evaluating indicators PC1 PC2 PC3 PC4

i Elevation 0.25347 0.29469 0.06089 -0.17773
W Slope 0.26633 0.24456 0.37543 -0.15738
1 Lithology 0.05264 -0.12271 0.53663 * 0.65932 *
NDVI Normalized difference vegetation index -0.25499 -0.0498 -0.25522 -0.27474
4E447E Annual mean temperature 0.09704 0.17119 0.17235 -0.16396
18 Soil type 0.13613 0.18511 0.49935 * -0.47186 "
AR K48 Annual mean precipitation 0.40828 0.24258 -0.29809 0.0936
A GDP Per capita GDP -0.0283 0.03408 -0.10008 -0.1205
A OB Population density -0.42561* 0.19362 0.10715 -0.13683
H M % E Road density -0.20055 0.47455 " -0.12337 0.16112
ML HFENE Landscape diversity 0.44193 * 0.1258 -0.2931 0.04082
+ R FHR B Degree of land use -0.34654 -0.01062 0.10004 -0.15404
Tl [ 2 37 HE B Tndustrial solid waste emissions -0.2546 0.65849 * -0.04116 0.30094

« BRI B T T

(1) Fe) = AR 3T HE 2000 4EH1 2015 45 19 A AR A BT 55 PE LR A 48 500 31 ok 8.14 1 9.24, F B 2000—2015
R[] AR AR PR MG 55 M R AR A v B RES , (E S e e G555 ) G 5 Ao U P R A SR S A
JEE i 55 0 2 ) B LA B 2 P R 5555 ARVl B8 Y 3553 P9 25 ) 25 40

(2) ] =y 3 T A ) A AR P B 553 44 22 0L Pl R e Y T 1 PG b P 0 T 1 o P S AR 34, I A A B S 1Y
HUHF PERFAE , A S IR ME 5 M7 A8 38 A2 18] F MR e, LR B 35 TE AR G, ZE P AL &R L X bty A (38 1) v v 3R
£ TEAR P I A 5 2 IR AR SR 4R | 16 4F 142 MR HEAE 25 1) A7 BT i A I 5k

(3) ) = A 3R T A 1) A AR IR G 55 A 25 M2 AEAE A — 7 1 S B LA S PR B MG 55 PR 48 B/ NITUY i
Sy bRHD > AR I FH > B > kb > K > BRI HE . 2000—2015 4[], 444525 i Az 25 ER 8 MG 55 P24 A [R) 7R
JEE R 3G G U FH B SRR b %) 185 R M R e, S e T A A IR B G S A R

(4)2000—2015 4[] , 8] = Ff 3 7 B A0 A5 IR B G 55 1k A SR 3l 1 A3 BT84k (BN 138 3 B 2 e A i
A R — P 8] = A T A S IR BRI 55k R IR SN 1, FE 2015 4FRF, 2000 AF (14 3% B 9K o £ 2 R
Ak, 7T % T 288 8 AR Ml [ A 7 7 0 I s o P K Sl A ] S8 e
4.2 #il

(1) BF5E B, 2000—2015 4F[R] , [ = 1 3 T T A A 2 S0 s 553 P 8 (AR K, R TR) = b of) O 20 F i AR 2
IRBE MG 55 S B R [ R B 3G 7 P G L DX b 1 o oo W 53 ) SR Ay, FL i i SR R A R 3, T = Jf
553 DX R SR A S R ) A (A A 285 ARG, Xt b DX 4 A 5 28 4 i g . BRI G, 7R ARSI I Tl B e v, 7
JE 25 5 11 [ HsF 58 R) b ) P ) S o 5 L M DX A A s, B2 A ) 3 7 PG 0 A 2 R 05 e 35 e i DXk 1
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IR b R A el S5 i, TR sk S A R A BERE IR | (R 373k 26 5) i 55 IX 1) A= AR A | 2 28 S 7 A oz )R
TR 30 S LA S RIS 12 b DX 1 A S IR B T A

(2) KB S350 AT Rl A1, 2000—2015 45 (8] ) = # 38 rTiE A= S PR B e 55 M Y = 228K 3l g m] 43 o = K347,
B8R Ao 2R BF Rl mibFoE & 3H , 2000—2015 4 (8], #1231 28 5 BK 3l 76 32 i X (1) 5 il — JLAR K, 7656 —
TR R T BRI TR R EEE AR 2015 4R AE T R R M SR IR ST 4R . AHER IR, A kI Bh T
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