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Fig.1 Watershed zoning of lower reach of the Liaohe River Plain
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Fig.2 Land use type of lower reach of the Liaohe River Plain

2 MR
2.1 HUF/KBEF MM 5 —DRASTICH AR
SEMA b T 7K M55 PR 0 2= A A SRR A
FH 2 AR BFSE 7E DRASTIC A7 5L Al Fhn A
NEZIE N F (H)JE B DRASTICH #% %!, DRASTIC
R [ B b 532 B R K e S5 14 A
Y ZAEAY H 7 T K SO B S A - R KA
HIR(D) AR T (R) K ZA 2R A(A) 18
JEZEH(S) HITEHE B (T) B I XA B R (D LA S
IKZIKIME R RE(C) e SEBUE R/ N 3353
AR A Y RN 43, B TS H500T 1 7K e 55
P 1) 5 ) e AN () i 3 [T e A LA, 43 301 5

4.3.2.1.5 3; RIESHOS R KB 75 P fE 897
K/INAT LLG3 SR AN ) 149 31 L T3 A 0T e 553 R 173
H(F1,3K2). FIEBIHFE X A b HOF- 30 1 J5
i DX, K SCHB BT S5 A3 AR, NI B 2 HLAE
o FEGOREAN A G LT AT b R FH /2 o 1
BSEAGR SWNETE S Y, 2 LA AT )

AR o T AW S LT KR 5 L
R, HANRN TG 2 07 ORI 3 3 52 ) ) 4 A8
FH A , 2 B8 DRASTIC #5551 1) 2F- 43 A5 o LA e SCHiR
[24], X FZFE PRI T AHRT AR (A 3, I XA RIS A 1Y
T AT ME g9 PRI (R 2) . &S 55
PE VT (A Z AT 21 T K e 55 14 27 & 45 £
(Vulnerability Index,VI) :

Vi=D,D.+R,R. +A A, +S,S +T,T +11 +
CC+HH,

A w FRAGE , r R
2.2 ZE¥RE % (Monte Carlo)

SRR B URRBENLSE AN, Oy 1%, R DA R
MGETT IS T ik S 5L a, A TSR P
A B ATLES (B3 5 LA O B AL ) | SR ik —
SEAREME I Bh 2 1 S B Ay v SR i Y 11530 R A
AR DB A A

AR TG 5 4R vk 5 T K e 55 P
FHZE B SRIEAN 2 S50 T L K B 55 e 48,
FEAIE LTI O 20 & S8 A T
FEPEARFE I HRUCHA 5 BT Al M IR 238 0 A 1) R B0
;@ 3 S SEEEAEIE W G HRAE T
FEPURE 3 (AT R 8 22 R B9 0 B S 00 , 1 B IR Bl L
AP R P BEAL B A AL, AT B 2 2 T
K e 55 Ve B s B B SR OC ) AT AR B 2 58
2 1 R K MG 55 1 T BUE , AT AR B0 AN 2 1
[P BRI, T — 2200, SR R Ik

(1)

1 TR AR IR S KBKIERRES RS

Table 1 Ranks and rating for aquifer buried depth, topographic slope, hydraulic conductivity of aquifer
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Table 2 Ranks and rating for aquifer media, soil media, impact of the vadose zone media and land use type
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Fig.3 Cumulative distribution curve of groundwater vulnerability index
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Fig.4 Triangular fuzzy distribution of groundwater vulnerability index under different possibility level and different percentage
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Table 4 Groundwater vulnerability index interval of every research area under different possibility level and different percentage
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Fig.5 Soft zoning of groundwater vulnerability distribution of the lower reach of the Liaohe River Plain
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Fig.6 The corresponding of nitrogen concentration
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Fig.7 The scatter plot of nitrogen concentration and groundwater

vulnerability
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Assessment and Soft Zoning of Groundwater Vulnerability in the
Lower Reach of the Liaohe River Plain Under Uncertainty Condition

Xi Xu', Zhang Xinchang', Sun Caizhi’, Bao Jianteng’

(1.School of Geography and Planning, Sun Yat—sen University, Guangzhou 510275,Guangdong, China;2.College of
Urban and Environment Science, Liaoning Normal University, Dalian 116029, Liaoning, China;3.Department of

Water Resources of Jiangsu Province, Nanjing 210029, Jiangsu,China)

Abstract: Based on the DRASTICH model of groundwater vulnerability assessment, the uncertainty character-
istics of each parameter were analyzed, and the stochastic simulation method was used to simulate both ran-
dom parameters and fuzzy parameters. By setting the confidence level of the fuzzy parameters and the percen-
tile of the vulnerability index, we obtain the confidence interval of the multiple groundwater vulnerability. On
this basis, the soft zoning distribution of the groundwater vulnerability was plotted according to the expecta-
tion vulnerability index of upper limit fuzzy interval and the lower limit fuzzy interval. The results showed
that: 1) The evaluation results of groundwater vulnerability in the form of the confidence interval can reflect
the objective reality of the groundwater vulnerability under the influence of various uncertain factors, and pro-
vide more reliability than the conventional method; 2) The soft zoning distribution of groundwater vulnerabili-
ty map, which preserves the fact that uncertainty is objective, can give decision maker more reference informa-
tion; 3) The soft zoning distribution of groundwater vulnerability showed: the degree of vulnerability of the
conservative distribution of the overall higher than the risk distribution, the higher the confidence level selec-
tion, adventure distribution and conservative distribution of the spatial distribution of the difference, and with
the maximum possible; 4) The distribution of groundwater vulnerability in the study area was spatial agglomer-
ation, high groundwater vulnerability areas were generally concentrated in the middle and the southern region
of the lower Liaohe River Plain, low groundwater vulnerability areas were generally distributed in both east
and west sides of the lower Liaohe River Plain.

Key words: lower reach of the Liaohe River Plain; groundwater vulnerability; uncertainty; possibility level;

soft zoning



