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Fig.1 Maps of land use types in Shenzhen city (a: whole city; b: the wetlands in Shenzhen city)
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Table 1 Evaluation indexes of wetlands ecological security and their weights
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Table 3 Sensibility of land use types on ecological factors
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Fig.2 Map of habitat degradation score of Shenzhen city (a: whole habitat of Shenzhen city; b: the wetlands in Shenzhen city)
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Table 5 Habitat degradation score of Shenzhen city
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Table 6 Habitat quality score of Shenzhen city
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Fig.3 Map of habitat quality score of Shenzhen city (a: whole habitat of Shenzhen city; b: the wetlands in Shenzhen city)
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Fig.4 Comprehensive evaluation score of ecological safety of the wetlands in Shenzhen city



334 T A A5 PR T A DX A 2 2 A PP —— LAER I 327

(I 2, T AR B 0T T B ) A BRI 2 5
P () e . BAR, oI st AR SR Al A A 1
o P P e AR A 25 2 4 () AT P Ve, (LB
A RS 2 A NS RN R i A T R ) B A
BhR, (R HEERAE T R AR 2 R GUR A IR 1 5%
Ao DRI, AW 5T K 25 T i K1 1 InVEST #2
RV AR B &, RAE 2 R BEH ) A B2 IR L AR B
D AR X AR A e A P SR B P

TRYITT W b 550U S BRI RAE , A= AR BV, 1B
T sh ™ i . ROk N 58 3 R 25489, s ig
R SR, R e B AR P A 2k, T R X
R 0 1 2R R L AR 25 F R T, o T e 2 AL
1) T 3 M DR A 4 it DA VAT i — 7K B —
R EE B W W A R . AT A 2
it A) 2 S5 WA 25 TR T, T B D 850K 1) A 25 B T R
G, A A SR R T B M, O X IR T K
JRIR Ot BIF A IR . XTI A R
(R , BT IT K 5 IR T BIC &R, B bk — 28
SEX R 1 075 0 B ANEA Y 07 N = BT 3 YRR
5, RN, EES RGN EMNE. K
J2E Y 2 el A5 N TV M, A A A5 Zh A I AT R
T, AR E SRV, $E AR R

HRRAE T, 25 fE T B S £, XF InVEST
BHY S HOIAT IO, T DM VRN &5 5 RS 1 1
BE— B W TR A A5 2 A I I A AR R, A
Bl T B B0 388 117 10 IR b 2 S 42 A B ) JE AL

2.
4 #5 w

TRYIT RIS 8 X I 4k T 22 iR, Fh X
M A TR 2 A0IRAS, BRI X R X A X
M AL FAREFEARZS, Br 2 X Fr e K X 2
DX OGN X e R A T P B TR IR 2 . IR
DN v 95 B 9T W ™ B R A N e, A TR
s P, f5 2RI iR i A e i
BEAT A BRI, TR RN 5K, [t AR A 22 4
RS AR

225 3k
[1]Hopkins K G, Morse N B, Bain D J, et al. Assessment of regional
variation in streamflow responses to urbanization and the persis-

tence of physiography[J]. Environmental Science & Technology,
2015, 49(5): 2724-2732.

[2]Niu Z G, Zhang H Y, Gong P. More protection for China's wet-
lands[J]. Nature, 2011, 471(7338): 305-305.

Bk, skig I, AR E, 55, b E X G0N E AR R X R4
FREHIE PPN [T]. Bl HR, 2012, 57(4): 207-230.

[A1fif 550, S, 1 2R, 46, JE T PSR K AR BH VL i sk A= 35 22 42
PE[I]. BEUERL, 2014, 36(8): 1702-1711.

[SIPEE, WEE, B0, & FigE S RS RS
fE#REVE[I]. JE3h R, 2011, 9(3): 209-217.
[612k LT, HiARE, H/NE, 55 FT 38 HOR B BTt skt A=
BRAVHN 5TEG )], LR F4R, 2014, 34(6): 1379-1390.
[7IRT, dPRE, R, & ZFA R AEZRIEA[I]. B
Rl 2015, 13(1): 35-42.

[BIXIHaHa, SR, T RAME. W0 A 75 2 A PPN B itk Je (0], b3
Sz BRI, 2011, 27(1): 69-75.

(9125125, MR k. IR IITT IR M (0 4R 3 S5 18 0 A [J]. #AaT H 3,
2007, 27(2): 107-110.

[10] R & &, 257, AR DRI 2 1 10 AR S AR AE 10 By
[7]. ¥ PEFRIERL 2, 2008, 109(3): 278-282.

[T &, EATIRIINR AR S RGN TR R ARG 5 T[], BTy
ZI53RR, 2013, 137(6): 120-120.

[12]8%5%, AR BT, F T2 R A7 H M 2 el ot 4k 7 A 2 22 4 R )
PR 58— LA 220 1 2 [ R 1 0], ¥R, 2007, 5
(3): 237-242.

(1312 AL, SRHEmN, Fh09, 55, BT TR S REUE RRVFY
[0]. 2424, 2012, 32(21): 6609-6618.

[14]Brooks R P, Brinson M M, Havens K J, et al. Proposed hy-
drogeomorphic classification for wetlands of the Mid-Atlantic re-
gion, USA[J]. Wetlands, 2011, 31(2): 207-219.

[15]Kotze D C, Ellery W N, Macfarlane D M, et al. A rapid assess-
ment method for coupling anthropogenic stressors and wetland eco-
logical condition[J]. Ecological Indicators, 2012, 13(1): 284-293.

[16]Fk AR, FAHE. XA — R B B IND VDX R4 A A H
g 87 PR FE (D). T 5 X SR PR R, 2003, 17(1): 91-95.

[17]Bino G, Levin N, Darawshi S, et al. Accurate prediction of bird
species richness patterns in an urban environment using Land-
sat-derived NDVI and spectral unmixing[J]. International Jour-
nal of Remote Sensing, 2008, 29(13): 3675-3700.

18]Ik, TRIAR, B )y, 2. L ntiRHh SRS R I AR RFAE 5 R
BHLHN 5 AT [J]. B 2R, 2011, 66(1): 77-88.

(191 /KRN, T, EIHTT, 5. 31 = A IR0 I SR R
ZE[ANEAZ 7 HT[0]. OB, 2012, 32(6): 717-724.

(2011 & . 2T InVEST M@ Hb 500 7 A8 A0 A2 25 18 82 43 17 [D].
BUMI: HVTR2E, 2014,

[21]Gustafson E J. Quantifying landscape spatial pattern: what is the
state of the art?[J]. Ecosystems, 1998, 1(2): 143-156.

[22]WU J G. Effects of changing scale on landscape pattern analysis:
scaling relations[J]. Landscape Ecology, 2004, 19(2): 125-138.
[23]5k s, B4, BRI, SRS J= BRI 78 7 VAT, by

%, 2000, 18(4): 346-352.

[24]Tallis H T, Ricketts T, Guerry A D, et al. InVEST 2.6.0 User's
Guide: Integrated Valuation of Environmental Services and Trad-
eoffs[M]. Stanford: The Natural Capital Project, 2014.



328 ST | R & .- 15%

[251RZHK. #T CA-Markov Il InVEST #8135 i J\ | VS-S A= tion in multiple landscape services: A case study on an area with
LAV [D]. ¥ F: g K, 2012. intensive human activities[J]. Ecological Indicators, 2013, 29(3):
[26] R A, SRBEI, 25, 45 FIIHT RES L e RIS 529-537.
WAL EAE5R, 2013, 33(13): 4125-4133. (28124, SARAE, VTGS, 5. 2 T PSR {1 DX 4 A FF 4 11T
[271Wu J S, Feng Z, Gao Y, et al. Hotspot and relationship identifica- M RESHEZLI]. MO B AL 22k, 2012, 31(7): 933-940.

Ecological Security Assessment of Wetlands in Rapidly Urbanizing Areas:
A Case Study of Shenzhen, China
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(1. Key Laboratory for Urban Habitat Environmental Science and Technology, School of Urban Planning and Design, Peking
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Abstract: Urban wetlands are among the most important natural spaces in urban landscapes. The many types of ur-
ban wetlands include rivers, lakes, reservoirs, ponds, tidal wetlands, bogs, fens, marshes and swamps. Urban wet-
lands form important patches and corridors in the urban landscape, which are foundational to urban ecological secu-
rity. To evaluate the ecological security of wetlands in rapidly urbanizing regions, the authors selected Shenzhen as
the study area. Since China’ s reform and opening-up, urbanization has caused wetland fragmentation, with patches
disappearing and corridor connectivity weakening in Shenzhen. The ability of urban wetlands to support ecological
security is becoming compromised. Our goal is to evaluate the ecological security of wetlands, to provide a scientif-
ic basis for wetland protection policies, and to optimize urban landscape patterns. Human disturbance and land use
changes have significantly affected urban ecological security in general and have become especially important fac-
tors restricting the ecological security of wetlands in Shenzhen. This paper uses the InNVEST model to assess the ef-
fects of human disturbance and land use on wetlands. With the support of RS and GIS, using 2013 Shenzhen land
use data, we extracted the distribution of wetlands. Based on the data obtained, an index was calculated using the In-
VEST model as a quantitative indicator of wetland ecological security. This index was integrated with other indexes
to establish an evaluation system. We used expert scoring method to set weights and obtained the final comprehen-
sive evaluation by using data standardization and weighted summation methods for each index. In this manner, we
analyzed landscape patterns, habitat quality and degradation based on InVEST model, and the ecological security of
Shenzhen. Wetland ecological security and the spatial distribution pattern were revealed for Shenzhen. The results
show that wetlands have become seriously fragmented, and most wetland ecosystems in Shenzhen are at some de-
gree of risk. Although some wetlands have been incorporated into the protection system, the ecological situation is
worrisome. Wetland protection policies need to be strengthened. Wetlands outside the original special economic
zones are more fragmented with more varied shapes, and greater landscape diversity. The study found an ecological
security value for Dapeng District of 0.88, meaning that the ecosystem was in a relatively safe state. Yantian Dis-
trict” s wetland ecological security value was 0.62, indicating a less safe wetland ecosystem. Wetland ecological se-
curity values of 0.48, 0.44, and 0.43 in Pingshan District, Nanshan District, and Futian District are early warnings of
wetland ecosystem deterioration. The lowest wetland ecological security values were found to be 0.39, 0.36, 0.33,
0.28, and 0.21 in New Baoan District, New Longgang District, Luohu District, Guangming District, and Longhua
District. The ecological security threats in these districts are considered to be very serious. Thus we recommend gov-

ernment action to develop appropriate responses to urban wetland ecosystem conservation and management.
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