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Ecological health assessment of groundwater in the lower Liaohe River Plain

using an ArcView-WOE technique

SUN Caizhi'** | YANG Lei'

1 College of Urban and Environment, Liaoning Normal University, Dalian 116029, China
2 Liaoning Key Laboratory of Physical Geography and Geomatics, Liaoning Normal University , Dalian 116029, China

Abstract; Groundwater is an important part of the worldwide ecosystem, and is also a core part of the global water cycle.
Groundwater is a key influence on the ecological system in arid and semi-arid regions of northwest China, and is the primary
source of water for human use in northern China. With recent economic growth, rapid development of the groundwater
resources in this region is occurring. The groundwater has been and is being seriously depleted and some unhealthy
characteristics and vulnerabilities in the system, which are significantly impacting the ecology of the area, are becoming
apparent. The ecological health of groundwater systems has become a serious issue in ecology, and is receiving considerable
attention from the general public.

An ecological health assessment of a groundwater system can be used to facilitate the protection of the environment and
encourage sustainable development of groundwater resources. This paper provides a case study in the lower Liaohe River
alluvial plain, which is in the most economically developed region of Liaoning Province. The area is experiencing significant
water shortages.

Ten evidence factors were identified to describe the attributes of the ecological health of the groundwater system. These
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evidence factors were based on five aspects of the groundwater system including; (1) characteristics of the local
groundwater system; (2) natural conditions in the region; (3) external pressures including human-induced pressures; (4)
available resources and conservation; and (5) the local ecological environment. The nitrate concentration in fifty-three
groundwater monitoring wells in the study area was used as the response, because the nitrate concentration is a typical
indicator of groundwater pollution.

In this paper we took used the ArcView GIS software as the assessment platform, and used the weights of evidence
(WOE) method to assess the ecological health of the groundwater system in the lower Liaohe River plain. A posteriori
probability map of the nitrate concentration was generated, and the probabilities were divided into five categories, defined as
(1) low probability; (2) moderately low probability; (3) moderate probability; (4) moderately high probability; and
(5) high probability, with probability ranges of 0. 000—0. 005, 0. 005—0. 015, 0. 015—0. 233, 0. 233—0. 490 and
0.490—0. 832, respectively.

The result indicate that high and moderately high probability regions include the northwest, northeast and southeast of
the lower Liaohe River plain, as well as Liaoyang and Fushun cities. The eastern alluvial floodplain and its surroundings
belong to the moderate probability region; and the low and moderately low probability regions include the middle and
southern coastal plain areas. The proportions of the study area in each probability category are: 34.02% low probability;
23.81% moderately low probability; 34.31% moderate probability; 3. 81% moderately high probability; and, 4. 05%
high probability.

A comparison analysis between the posteriori probability map of nitrate concentrations and the measured concentrations
in monitoring wells found a very good correlation. This indicates that the assessment results are valid, and the WOE method
can be successfully applied to assess the ecological health of a groundwater system. Further, the results of the WOE method
are probabilities, while traditional ecological health assessment methods provide a determined value (or degree), which
does not accurately reflect the stochastic characteristics of ecological system health. The WOE method provides a more

accurate reflection of ecological health.

Key Words: groundwater ecological system; Lower Liaohe River Plain; ecological health assessment; weights of evidence
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Fig. 1 The geographic location map of the lower Liaohe

River plain
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Table 1 weights of the evidence factor for protection
% A
P + + - - <
Classification /km? W S(W5) W S(wT) Contrast S(C) Stud(C)
1 8502.5598 15 -0.2227 0.2584 0. 1009 0.1603 -0.3235 0.3041 -1.0639
3 3084. 1700 9 0.2817 0.3338 -0.0479 0.1492 0.3297 0.3657 0.9016
5 5118. 4098 6 -0.6320 0.4085 0.1167 0. 1445 -0.7488 0.4333 -1.7281
7 4480.9521 7 -0.3445 0.3783 0.0632 0. 1460 -0.4077 0.4055 -1.0055
9 3323.2166 16 0.8453 0.2432 -0.2328 0.1645 1.0781 0.2936 3.6720

A FRUEE R F P 28T & B TET A Area of each evidence factor class; P38 7 UE 4% PR 145 2 v (% Wi 1 #5051 Monitoring points of each evidence
factor class; W FTRIEHE P T4 AL 7E AL B9 AL T {8 Evidence factor Weight with its existence; W~ 3678 15 2 R AETE AL B9 FLTE {H Evidence factor
Weight without its existence; S(W*) R W*HUFRIEZ Standard deviation of W* ;3 S(W™) Rk W™ HYFRIE Standard deviation of W™ ; Contrast =W*—
W~ ;S(C)FIR Contrast 1FR1EZE Standard deviation of Contrast;Stud(C) = (W*=W~)/S(C)

o At

IFFE A8 UE AR PR B 231 P 2 (L PR TS 2 B AE R S 1 ) (R IRT, AN B  B ph A5E 0 A 5 ) — X I
TALEZE C= W =W A WIS R X i 57 A -5 ARG R/ ELJE: P A5 I A IE AU W ik i R (B
P S i 1A 17 B0 B BEAT 0 13 PR 5 AR A e KRB A B0, o BIVRT fi RE SRk A A 75 e ok i b
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JS2 PR SR DR/ 1R 2 2 R IAS UEAE PR 1 TEASU R 8 e R L, W 7 PR i S0 ABE 0 32K e R I i A 5 38 | e/ k|
TV R IR HETBOE BRI T 7K 2Bk -5 A 285 7K A i 225 L A9 A R i R, 6 M 7 A 2854 T ) s Wi e A, Ak
JEH T KIRAREE fRIP)Z T KO AL RE RIS 7K 2 IS, /N 5 7K 2 838 2 BORUK R 3 BE AR 2

K/
w
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7
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Table 2 the maximum positive weights of evidence factors

i LA
‘LE% LI? A B C D E F G H 1 J
Evidence factor
+ B2
W B 2.7327 1.0217 0.8506 1.9075 0.4542 0.6993 1.0518 0.7003 0.8453 0.2140

Maximum value of W*

A JHHESRFE Fertilizing intensity ; B ; 1 7K SZBRHE R 5 25 257K A fi 51 Deviation between real and ecological groundwater level ; C ; 1 7K JT 5% 72
J# Groundwater development degree; D ;7K i Rainfall ; E; % /K 2515 23 Aquifer permeability ; F; & /K2R Aquifer thickness ; G : Tl B K HERL ik
F52% The reaching standard rate of industry waste water; H: #1F 7K #™{L & Total dissolved solids of groundwater;1:{#4JZ Protection layer;J: /K ¥ 2 45

¥ Water network density
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W2 3 o, FA% P I BUE R R IE Y 1 O T I
AR ST A B0 R AL, KBy R IS
SRIRLRES T I 8823 A1 B 2% PRI SE PR, AR 3 AT LA
A 10 NIRRT Z A A SCPEARAR /N, BT LI 2 5

R

JRRMEARITE

B AHIETE X I R R AR SR A T 15 5
MR ER R P R IR A P (1B 2) . &l 2 f IR
RIS RIS O V: D e A N [ 4 I N 2 &7 R T
DX 7K A 25 AR G FREAL TG o A i R X,
IKIREE A% | i Tk L3 Ty e SR E T, Tl HIZK B 85
R R MR K AR5 SR d L AR O, BRI R JK T R

Hli

HXTARAERR X
HXEARAER X
I AR X
5 o A X
I A X

E2 TTAEREMTKESRERREREESHE
Fig. 2 Posteriori probability distribution map of groundwater

system ecological health in the Lower Liaohe river plain
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Table 3 The independence test results of the ten evidence factors

UESE R T

Evidence factor A B ¢ b £ F ¢ H !
J 0. 0000 0.0187 0.3996 0.4494 0. 0000 0. 0000 0. 0000 0.0939 0.0000
A 0.0043 0. 0000 0.4361 0.5811 0.1779 0. 0000 0. 0000 0.5395
B 0.7460 0.0219 0.0485 0. 0000 0. 1408 0.3365 0.0012
C 0. 0000 0.3319 0.0020 0. 0000 0. 0000 0.6254
D 0.3144 0.0282 0. 0000 0. 0000 0.2159
E 0.0007 0.3472 0. 0006 0. 0000
F 0.4536 0. 1402 0. 0000
G 0. 0000 0.1310
H 0.0000

LIRS R R R A T T i DXL TR R R A AR AR X, AT T TP S A R X b AR
- BUE IR X WA YT KCE A (RN TV B R, A 2 8 A JRA K 18 Tl 5 e Rt A o J38 R % st 2 ok
IK B A A S PR 0 b K AR 2 R G BRI  (HZ DX R /K B | 5 7K J2 IR B RIK 9 2 REFE B A
PRI i T 7K A 25 R G B AL T AR XA AR R X 76 p BT S X ey 4l R 7K R IR 2 A, K
G (H R b DX T RO A FE K, BEEAE 55 J3E K, P 057 e el 175 5 7™ B B M R R SR A P B B
It LK AR R REER R T 7K AR 28 R GEME R e e, 5 D 2

I AreViewGIS BT A B A2 T LT T T 7K Az 285 6 B R 3048 256 P B 25 A3 X4 DX [R] i [T, 9 ¢
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Table 4 Posteriori probability classification of groundwater system ecological health and area percentage of various probability

JE AR X Posteriori probability zone

AEGHIGHE 2 X AEGT TG 2 X AEXT AR X AR A2 e M X AT 5 M X
(0.000—0. 005) (0.005—0.015) (0.015—0.233) (0.233—0.490) (0.490—0. 832)
L&/ % 34.02 23.81 34.31 3.81 4.05

TEA MR A DL R X B fE R, 3R 4 FTLAE Y, 0] J5 T K A 25 Al i s o W R 7
HAELL A X FFE DR T AR 9 42. 17 % , PT UL T /K AR A2 R R TR R AN/, 10 24 75 v BE LA

FEBIFFE DX 53 A W 0 - ) SIS I B BRER A JBE BORES R AL T JrUl R 7K AR 25 A B AR i PR ER R JEE i B R
O AR ETBERT XS EE AT, 0 3 2 AR R e 80 SR R 0 A PR DA JEG AT S 7% 1 % M0 1 5000 1R Sk B 1 A
L

M5 GETHE R AT LUR .53 DRI A 12 IR EL R EE /N T 2 mg/L, HoS AR IR A 1
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Fig. 3 The corresponding map of Nitrate-N posteriori

probability distribution and its observed concentration in the
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Table 5 The corresponding list of the observed Nitrate-N concentration and its posteriori probability type in the study region

FHRER MR Nitrate concentration

Posteriori probabilit -
@ s sw wee sw gaom S ml
ARXHG A 1 2 0 0 0 3 0.0 0.0

ARXT A 4 3 0 0 1 8 12.5 12.5

AR e A5 4 4 9 3 3 23 26. 1 13.0

AR e A 2 0 1 1 2 6 50.0 33.3

AR i A 1 1 3 2 6 13 61.5 46.2

W D4 12 10 13 6 12 53

i LRTA NI K AR S R G RREE A 5 BRI, DA 4 5 TSR MR KN R 5 R TR
P m R R IR B
5 HIESEW

AR T AL S XN T WOE ¥R EA T R /K AR 25 R GEE RET- 55 T, e HC 45 R S 5 DXl R 7K
A 25 R GRS PR G DL LLEARAT , U] WOE BETE N AL I T kA= 38 RGBT B RIS B RAT —
TE B

ARG T L S R K A 25 R G FEEAN S 4G 2R, T4 T 10301 J5 R 7K A 25 R G e ) S B
DL, R DU

1) Ge—AF UK B A BRI ICA BRI, i IX TR A3k, iR KO SRR BE B, I 238 o 4% o >R
FIBR A IR A BARTETE , X T A BT R AEAT AR A B 380 2% b T B R J 35K, s nr 19 K B 2 5 3 145
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