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Assessment of ecological vulnerability in the Yellow River Delt ausing the Fuzzy

Analytic Hierarchy Process
WU Chunsheng, HUANG Chong” , LIU Gaohuan, LIU Qingsheng

State Key Laboratory of Resources and Environmental Information System , Institute of Geographic Science and Natural Resources Research, Chinese Academy of

Sciences, Beijing, 100101, China

Abstract: The Yellow River Delta (YRD) is located in northeast Shandong province. It is formed by perennial deposition of
sediment and frequent diversions of the Yellow River. YRD has many ecological system types, including farmland,
grassland, and wetland and so on. The wetlands can be subdivided into meadows, marshes, and beaches. These areas have
been the habitat and transfer stop of migratory birds, which makes it important for protection of biodiversity. It is also
important as an ecological protective screen between inland and the ocean. However, YRD is facing new challenges from
both nature and society; on the one hand, the storm tide, seawater intrusion, drought, and primary soil salinization make
the area have a vulnerable ecologic foundation; on the other hand, the abundant land and oil resources have led to intense
human activities. The primary ecological environment has been heavily fragmented because of destruction from farming and
oil exploration, and the destruction further has led to a high secondary soil salinization degree and rapid expansion of the
vulnerable area. All this makes it necessary to understand and grasp the current situation of the ecological environment in
YRD, which is helpful for regional ecological environmental protection and development planning. The aim of this study was
to evaluate the ecological vulnerability degree in YRD and then analyze the spatial characteristics and reasons for these
characteristics according to the assessment results. The selected assessment method in the study was the fuzzy analytic

hierarchy process (FAHP ), which is the combination of the fuzzy evaluation method (FEM) and the traditional analytic
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hierarchy process (AHP). FAHP combines the strong objectivity of FEM and the clear structure of AHP. This assessment
process was more reasonable than other methods. Additionally, the fuzzy logic model was selected for the quantitative
expression of the indicator grading and evaluation results, and was different from traditional grading methods that have strict
quantity boundaries. Twenty-one evaluation indicators were selected from underwater status, soil condition, land use,
landform, vegetation coverage, meteorological conditions, ocean influence, and social economy according to the “pressure-
state-response” framework in AHP. The study result showed that the spatial distribution of ecological vulnerability of YRD
had a strong regularity. Generally, the vulnerability degree gradually decreased from the coastline to inland, and the best
ecological environmental status was around the crossing of the Yellow River and the Diao River. In the coastal area, the
vulnerability degree was lower where there were seawalls than where there were none, while in the inland, the ecological
environment was better along the rivers than in other areas, especially the areas where human activity was frequent such as
farmland, aquaculture areas, and saltpans, where the vulnerability degrees were very high. Along with those artificial
reasons, the regional soil and ground status were also bound up with ecological vulnerability, and the spatial correlations

between soil quality and ground water level were —0.55 and —0.74 respectively.

Key Words: ecological vulnerability; Yellow River Delta; Fuzzy Analytic Hierarchy Process; Fuzzy Logic model; soil

quality ; soil salinity
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Fig.1 Location and elevation of the study area
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Table 1 Two level index

— R AR T dEhR —RAGR AR bR
First class index Second class index First class index Second class index
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I T #HR AL Land status
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Table 2 9-Point saaty scale and triangular fuzzy number
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Importance level AHP assignment Fuzzy function assignment Reciprocal
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A R % Extremely 9 (5/2,3,7/2) (2/7,1/3,2/5)
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Table 3 Pair-wise comparison matrix of the first class index
- T S . ARESZY) )
LY 77 S i B b S s L 17
. . Marine Climatic ) Social
Groundwater  Soil condition . .. Land status Vegetation Geomorphology
influences conditions economy
#F 7K Groundwater (L1, (12,273,1) (52,3,72,) (3/2,2,52) (1/2,23,1)  (2/3,1,2)  (3/2,2,52)  (3/2,2,5/2)
351 Soil condition (1,3/2,2) (1,1,1) (5/2,3,772)  (2,5/2,3)  (3/2,2,5/2) (3/2,2,5/2) (5/2,3,1/2)  (5/2,3,1/2)
RS2 IR Marine influences  (2/7,1/3,2/5) (2/7,1/3,2/5) (1,1,1) (1,3/2,5/2) (2/5,1/2,2/3) (1/3,2/5,1/2) (1/2,2/3,1) (172,2/3,1)
S Climatic conditions (2/5,172,2/3) (1/3,2/5,1/2) (2/5,2/3,1) (1,1,1) (2/5,1/2,2/3) (1/2,1,372)  (1/2,2/3,1) (2/5,1/2,2/3)
+3 Land status (1,372,2)  (2/5,1/2,2/3) (3/2,2,5/2) (3/2,2,5/2) (1,1,1) (3/2,2,5/2) (2,5/2,3) (5/2,3,7/2)
Hi#% Vegetation (172,1,3/2) (2/5,1/2,2/3) (2,5/2,3) (2/3,1,2)  (2/5,1/2,2/3) (1,1,1) (3/2,2,5/2) (1,3/2,2)
L2 Social economy  (2/5,1/2,2/3) (2/7,1/3,2/5)  (1,3/2,2)  (1,3/2,2)  (1/3,2/5,1/2) (2/5,1/2,2/3)  (1,1,1) (1/2,2/3,1)
IS Geomorphology — (2/5,1/2,2/3) (2/7,1/3,2/5)  (1,3/2,2)  (3/2,2,5/2) (2/7,1/3,2/5) (1/2,2/3,1)  (1,3/2,2) (1,1,1)
T Y8 E , A HEN R, 2 AT R I i M 72 SRR AR AN T & 4 s .
F4 BREFENNEREENE
Table 4 Index weights
— Bttt L T T “ YR RLL G
First class index Weight of first class index  Second class index Weight of second class index Synthetic weight
R KA 0.50 0.095
1R 7K Groundwater 0.19 o
R K 0.50 0.095
bRy 0.09 0.0279
. TR 0.07 0.0217
+ %A+ Soil condition 0.31 N -
T 0.40 0.124
e 0.44 0.1364
TR 0.22 0.011
HFPESZIA Marine influences 0.05 . N
[ERe2EALIENY 0.78 0.039
[ 0.57 0.0228
A% Climatic conditions 0.04 >= 10°C i ZI AR 0.30 0.012
T TR 0.13 0.0052
Ba Y S 0.06 0.0138
AETHEH 0.50 0.115
F AR Land status 0.23 :
I 0.17 0.0391
IR 10 5 B2 0.27 0.0621
TEH#E Vegetation 0.12 T 1.00 0.12
INEE) S 0.50 0.02
¥E2x 2555 Social economy 0.04 T B I 0.19 0.0076
GDP % 0.31 0.0124
. o e 0.68 0.0136
HJE % Geomorphology 0.02 Mg 0.3 0.0064
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Table 5 Suitability range of all index and values of b and d

S2A
o

LERERS RS

— g dhr B Eic 7 izt oAl FEIOhdn b 4
First class index Second class index Range of index Tendency

R KA/ m 1—3 171 [i1) A4 1 1
#1 R 7K Groundwater

R KE M/ (/L) 2—30 1E [ 7 30 20

+ e 0.3—0.7 1 [ 54 0.3 0.2
4514 Soil condition n )

TIEE R % 0.1—0.6 naEE: 0.6 0.2

R FE 5/ km 2—30 1 1) 75 2 23
HFPESZ I Marine influences . . ,

TR R 2L 0—0.83 1E [ 75 0.83 0.33

T 1 RAE R 0.03—0.5 NREELR! 0.5 0.2
T+ R A Land status ANETFHRE 0.5—1 1E [m) 7 1 0.2

TKIRR2E B/ (km/km? ) 1—5 £t [r) 28 1 2
FHBORA Vegetation P w5 0.1—0.6 1 ) 7Y 0.1 0.35

AN/ (AN/km?) 100—1500 1E [m) 7 1500 1000
44 5% Social economy ﬁ%m%ﬁ/(klmkmz) 0.2—1.5 nAGE 1.5 0.9

GDP %%/ ( J7J6/km?) 50—2500 1E [ 78 2500 2000

[AH 2/ mm 400—1000 i ] A 400 300
SRS Climatic conditions =10°C 1% s BUE/C 4300—4600 L] 4300 200

TR 1.0—1.7 1E [m) 78 1.7 0.35

TE:b Il d S R A e 28
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Table 6 Membership values of different land use types

27 Land use type

5@ Membership

A Land use type

5@ Membership

VT River

Mt Forest

A<l Farmland

FEl L Garden plot
YUYE/KH Pond

JKJE Reservoir

HiH Grassland

A8 JAHL Traffic land
JE R Residence
AP Marshland

0
0.1
0.2
0.2
0.3
0.3
0.4
0.4
0.4
0.6

VA4 Channel
P B #EY: Inland tidal flats

JK TS HHL Waterworks construction

KA Mineral estate
W5 53k F L Wharf
LR Alkaline land
M Salt pan

294 Aquaculture
WHEMELR Beach

0.7
0.7
0.7
0.8
0.8
0.9
0.9
0.9
1

AR L3R B 3E B FDF

SSTESSRIT IR 6 NGB, 45 P %

Z: WOROR SR T 2 R RO A i B A AR 8 X DAY ) A 2 338 1P B s 2 1)
AIRDL , 455 2548 bR AU , 4 ISR ISR AR HORIE 5 DX R AR 1) A 25 Mg 55 1 SR s B, R0 1 SR BT s s
S [a) 3 A AR GE A T 3 FIR & 8 i
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Table 7 Membership values of soil characteristics and micro-topography

T RImE e KR AR RIm
Soil texture Membership Soil type Membership Geomorphology Membership
KM Water 0 JKIK Water 0 KA Water 0
HF3 Medium loam 0.2 1 Fluvo-aquic soils 0.3 VAT B 1 High land 0.2
BEHE Light loam 0.5 A+ salined flavo-aquic soil 0.6 SF-Hb Flat ground 0.4

H 1 Heavy loam 0.5 MG R £ Coastal saline soil 0.9 YT REHE Benchland 0.6
Zh+ Clay 0.6 {7 HL Depression 0.8
b1 Sand 0.7 HEVRHL Mudflat 1.0

®8 RAESHBURNEESIT

Table 8 Numeric statistics of all ecological vulnerability grades

HEF5 MG s S Y TR km? Al %
Vulnerability class Membership range Area Percentage
AWEES Non 0.16—0.32 464.17 9.19
TGS Weakly 0.32—0.41 820.40 16.23
BN Slight 0.41—0.50 901.42 17.84
HHEERESS Medium 0.50—0.59 801.42 15.86
TENEHS Severely 0.59—0.67 1113.25 22.03
WBENES Extremely 0.67—0.78 952.82 18.85
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%ﬁ,%ﬂf@%’%liﬁ%ﬂf‘id\j@ 464.17 kmzo Fig.3 Spatial distribution of ecological vulnerability in the
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Table 9 Area of main land use types in all EV grades(km?)

+ 4 5 AEss GRS RS o e 5 a5 e B JE 55 it
Land use type Non Weakly Slight Medium Severely Extremely Total
B}l Grassland 10.28 23.07 45.03 48.47 37.28 3.46 167.59
PEERE Inland tidal flats 3.92 6.61 5.32 2.38 5.72 11.08 35.03
4l Farmland 327.23 405.06 226.98 104.66 46.42 4.06 1114.40
W MELR Beach — — 0.00 0.74 117.91 359.50 478.15
Eh AL Alkaline land 26.97 116.86 189.54 188.38 290.10 102.41 914.26
FEl 1 Garden plot 8.26 10.00 2.71 0.34 0.01 — 21.33
Mt Forest 21.05 34.25 32.90 30.07 48.29 24.24 190.80
A3t Total 397.71 595.85 502.49 375.04 545.73 504.75 2921.57

4 SFHE

MIFA 25 53 o 2 2 e 35 2% GO 4 23 TR A IR GU R T, 25 TBIAR SR Bk 4 B, 5 UM i AR AN S PR 9 B R 2%
PESZRRAT  WAE B 13207 12 5 B AN P, T DA HAR 2R AT S 4 (A S R 5 i 90 s o) = 1
FEAS PRI S M S BURAR EE T2 RSO B (A BRI 1 R P AR W 2 S A B , SRS B R
B RIS T AR T ELAEPPAN S5 28] 23 b SR R0, VA 45 2R 5 D T Al LA s ) L A i 2
PEG

M daTs LB 3R 4 Won—GHabrh R PRI o B S K, A L A 8 5 45 R - M o e Oy
B JT LA M 58 P 4 2 i) 3 A 52 S b ) - MO 19 2 [ 0 A B R R, DA SR A A X o R A
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Fig.4 Spatial distributions of soil quality and soil salinization in study area

N

A

z

S

2

118°20’ 118°40’ 119°00'E 0 10 20km 118°20’ 118°40’ 119°00'E

14 H1F K A/m 1 I
i 413 - i R wm OEE e
O HR CER g e i

. Ep b 0.10

& s

o HLBEH

R AN E 2 4 3 F) B = 8] 5 A AR
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