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Groundwater ecological sensitivity assessment in the lower Liaohe River Plain

based on GIS technique
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Abstract: Groundwater systems are an important part of the world’s ecosystems, linking the lithosphere, atmosphere,
hydrosphere, and biosphere. Groundwater is the dominant factor influencing vegetative community distribution patterns in
the arid and semi-arid regions of Northwest China. Also, groundwater is the primary source of water for human uses in North
China. With recent economic growth, the region is experiencing rapid development of its groundwater resources. The
groundwater has been and is being seriously depleted and the system is displaying some unstable characteristics and
vulnerabilities, which are significantly impacting the ecology of the area.

Various types of sensitivity assessment are often used to study the stability of a region’s environment and ecology. A
groundwater ecological sensitivity assessment can be used to facilitate protection of the environment and to encourage
sustainable development of groundwater resources. This paper provides a case study of the Lower Liaohe River Alluvial
Plain, which is in the most economically developed region of Liaoning Province. The area is experiencing a significant water
shortage.

First, groundwater ecological sensitivity and its attributes were defined. Twenty-two factors were selected to be used in
constructing the assessment indicator system. These were based on five aspects of groundwater quality and quantity
including: 1) characteristics of the local groundwater system, 2) natural conditions in the region, 3) external pressures
including human-caused pressures, 4) resources available and conservation, and 5) the local ecological environment.

These factors were designed based on actual conditions of the area studied and took into account a variety of indicators
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including spatial scale, dominating environmental conditions, independence from other factors, sensitivity of the local
groundwater resources to impacts, early warning signs of problems within the groundwater system, the cumulative impact of
qualitative and quantitative factors, practicality of use factors, a need to standardize the data, and classification of various
factors and impacts on ground water resources. Each factor was defined and described. The sensitivity of groundwater in
relation to each factor was ranked on a scale of one to five, defined as 1) insensitive, 2) slightly sensitive, 3) moderately
sensitive,, 4) highly sensitive, and 5) extremely sensitive groundwater conditions. The assigned value for each indictor was
determined by reviewing related standards and references.

Once the various indicators or factors were defined and standardized, a groundwater ecological sensitivity assessment in
the Lower Liaohe River Alluvial Plain was carried out. First, the sensitivity of the five aspects of groundwater quality and
quantity were evaluated individually by applying spatial analysis of a geographic information system and the distribution of
the five factors listed above was analyzed. Second, an integrated sensitivity value was calculated using a weighted model
from GIS for water quantity and water quality.

For water quantity, the results show the slightly and moderately sensitive areas of water quantity dominate and comprise
65.14% of the study area. The entire study area was classified as 5.35% insensitive to water quantity issues, 40.53%
slightly sensitive, 24. 61% moderately sensitive, 21. 64% very sensitive, and 7. 87% exiremely sensitive. For water
quality , moderately and highly sensitive areas of water quality dominate and compose 86.56% of the study area. The entire
study area was classified as 1. 11% insensitive to water quality issues, 10.99% slightly sensitive, 50. 17% moderately
sensitive, 36.39% very sensitive, and, 1.34% extremely sensitive. When sensitivity to both water quantity and water
quality issues are considered, areas of moderate or higher sensitivity for both quantity and quality occupy more than
59.62% of the entire research area, indicating the degree of ecological sensitivity is generally high and groundwater
resources are very vulnerable. The analysis of the spatial distribution of the five zones shows the insensitive and slightly
sensitive zones are mainly distributed in the Xinmin-Liaozhong plain of the eastern alluvial floodplain. Moderately sensitive
zones are mainly distributed in the middle plain and western low mountain region. The highly and exiremely sensitive zones

are mainly distributed in cities of Liaoyang and Fushun, and in the mountains surrounding the plain.
Key Words: groundwater; ecological sensitivity; The Lower Liaohe River Plain; GIS spatial analysis
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Table 1 Indictor and weight system for groundwater ecological sensitivity assessment
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T9KALBEARIR

(5) A3 5T

o R KR AR AR R K A OKER AT KPP FOK 5 AR WA PRIE AR AR BT Y 4 4 ik 4 R
BRI R A ARG R AR, B AR s 48 B AR R i BRI K R B R ORI R K A
R,

B SO B Y A MR K A SRR IO 15 45 2 B 5C B AR | SCHR AN 5 58 45 2547 bR o 45 208 4y
(F£2),

R2 IFNIERRES R

Table 2 The standard classification of assessment indicators

N . JE UK o R . e Uk
Vb P i i 2 R

Lo . Slight Moderate X . Extreme
Assessment indicators Insensitive o . High sensitivity .

sensitivity sensitivity sensitivity

1 R 20 Vi \Y \Y mm m,I
2 Gk RIR S /m 2] >280 140—280 60—140 20—60 <20
3 FKEBE R (m/d) 2477 <10 10—20 20—40 40—80 >80
4 HHEEWLR SR/ %o 2] >4 3—4 2—3 1—2 <1
5 SERRHE R A 25 KL i B (L /m 142829 -5—4 4—8 8—12 12—16 16—20
6 IR/ % (200 >0.2 0.15—0.2 0.1—0.15 0.05—0.1 <0.05
7 RIR AN/ (mm) B0 0—51 51—102 102—178 178—254 >254
8 gy liz.20] wARWE R AR U o % U W+ i S
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g2

b S LR PR g DA

Assessment indicators Insensitive Shgbt, . Mod-er:at-e High sensitivity EX”(?Y,H?
sensitivity sensitivity sensitivity

0 - HA AR ) TR - B AL

10 H 7k ok i (3234 | | i} v \Y

11 #8F /K FFR AR/ (mm/a) [26:3] <50 50—150 150—250 250—350 >350

12 AV FEMEFEAK R/ (m3/J798) 139 <500 500—1000 1000—1500 1500—2000 >2000

13 N/ (A /km?) 3¢ <100 100—250 250—400 400—600 >600

14 J ARS8/ (kg/hm? ) (20] <0.02 0.02—0.03 0.03—0.04 0.04—0.05 >0.05

15 H R K B EREEL/ (10* m® /km?a) 37738 >20 13—20 8—13 4—8 <4

16 Tl BE K HERGA bR/ 9% 3¢ >97.5 92.5—97.5 85—92.5 80—85 <80

17 W7k At/ (mm) 1363 1300—2000 1000—1300 800—1000 500—800 <500

18 LG 5 K AL BRR /9 13038 >90 75—90 55—75 35—55 <35

19 AR B8 3545 4 (0] >75 55—75 35—55 20—35 <20

20 AW E B R A >75 55—75 35—55 20—35 <20

21 7K 95 A 4 140 >75 55—75 35—55 20—35 <20

22 HU R KB/ (g/1) T4 <1 1—3 3—10 10—50 >50

I BAiEs AR o5 ; . o2 Fidae b4 I PRy 2R RE 45 FAvRe 885 IV . IRIPZARERE RERe I h 5 V. Ry Z IR
SREEp L LR S A N SRR P

FEPRbRUE A 27 [ GRS RTE LA © A SCHR A e A T AARE , S T3t /K AR 38 RGT UM M 9 20, 253t DX b 7K A 25 2R e fURR
PEIRIEUR A ], 40 BEHL R 7K 2R 75 R GEBUB M AN R — AN AL, T LATE R FH PN 8 b v 0 A0 1 T2 45 5 058 DX LA B0 30 4045 B T
G Horh WOIEYE 5 7K)2 B8 RN AR SAMA K SRS 1), /K bR i 5 7K BAR AR

1. Protective layer; 2. Aquifer thickness; 3. Aquifer permeability; 4. Soil organic matter content; 5. Deviation between the actual and ecological depth
of groundwater; 6. Topography; 7. The total amount of natural recharge; 8. Soil type; 9. Land use type; 10. Surface water quality; 11. Groundwater
exploitation; 12. Rate of agricultural irrigation water; 13. Population density; 14. Fertilization intensity; 15. Groundwater resources module; 16. Percentage
of industrial wastewater treatment; 17. Precipitation; 18. Percentage of sanitary sewage treatment; 19. Vegetation Index; 20. Biological richness; 21. Water

network density index; 22. Groundwater salinity

4 TIiTAEERMTKESSRETN
4.1 WFFRIXHEL
ALV S b AR — R P 1) S R R A T
A AR Ll Lk, PG 5 B AR D] L b R Ak 1k D
AR B 5PN IE T JRAH R, R I v 1 3 AR T ARV 5
120—140km , Fg It & 240km , 1 FLZ) 2. 65 J7 km® , 47
XA SR T T A BRI T T T PR G BH T
WlT B T AR T E N TR R (1) o TR
A H AR VG PR ] S b DX AR, Pl G AT R B IR, 3R
T2 T ), bR 7 S0m LATF 76 R FR i Ay, il
O EIRHE | 288 S0 R L BT U TR R R
oy,
4.2 NSRS
4.2.1  FRUENITHANG 534
AL R T K AR AU 1 R G A R R IR T
Wb, EELUREE BRI BR324 ) o g XS T AR Y 31.92% \35. 65% F1 18.54% . K4 A3 AT , 7E
BRI b v B DL A U X SRR R FE S, A A AR AR R | DU GRS LA e LR T B AR L B g

1 TR R B E

Fig. 1 The geographic location map of the lower Liaohe River

plain
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DX, D AT S B X S0l X5 7R JRE R o, e S AL AR, O EL PR 7 R B, L Z A Sl DORR A AT R
Pz,

TE DI E AR AP v, F2 2 AR RE A b BERURRIX O 32, i L HIAR Y 66. 40% , 32200 A1 1 AR Dt 2 5%
RN SR W s R e W A TR S -SSR R L S |1 TR s S RS T VN e N S TP - A 5
PRI 255 VR T I R 7K A AU s

HNFRUR PN A R R, R LU BERBURON 2 o5 BRI 53. 90% , L4 J3E 0 g R AU DX Sl iy o e F AL
AR MU X o HUTE D 5. 12% , B AP EDE H L FHRIEE 1L A8 28 57 LU B Ak L X, J2 2[R O X 4L 3l
Xl &k NS S 8Es KR IR HBOR,

MBS PP PR A DU B D 5 LU B 1. 149% , AU 49.41% B IR HOR, 73
AT FARFB AT P BOP L P BURR 2 6, 3l R K B ISR, 5 ELX Ml R 7K B8 DR 7 AT X i

AP AR SRR PN T DA R USRI R IX S | FE A A R P R AR AR 1 LU X R PR
M IX R ik LA MR M i, {ELIR K 98 B2 B A ) = ' R I, LK SR B0 i S 50 K A S U e g
WA, i Bt XAy oA, B TR R AR, I B B R A B i A R 8

LT HAAENI O i 3t KA AR SRR A EE B L R 3R (32 3) .

F3 ETHRENFNHTRERESHREEARLLG
Table 3 the percent of different sensitivity degree based on the single criteria assessment/ %
RN 5 Sensitivity degree

HEI RE f R 5 FE AU b 50 R

E‘)J 4 Rl A R Hh R U mfgﬁtﬁt Bedg

Criteria - . o Moderate High Extreme
Insensitive Slight sensitivity . o -

sensitivity sensitivity sensitivity

RGLEHFRIE

‘2% it L 3.75 31.92 35.65 18.54 10.14

System structure charicteristics

S ISEIS S

DRLAZURIE 11.66 32.19 34.21 17.23 4.71

Regional natural conditions

ANFLIE S External pressure 1.27 21.02 53.90 18.69 5.12

Ve R

PR St . 49.41 7.03 13.35 29.07 1.14

Resources and conservation

H I8 Ecological environment 0.77 8.59 25.17 34.36 31.11

4.2.2 RN T

R BRNT LT AKAE AR BUB R M AR TR] MK SR 9 4 5T %o 7K 5 7K 05 Wi AN [ 1) 48 B e bR 7K
A SRR E YR T AN A SRR, K E B8 R 8 MBS B AR AR BN A STik(E R 1.3 .5.7..9, 1M %
KNSR 9 7.5 3 1, HAFEFRNIE T 1.3.5.7 .9 5Tl , 285 4 & L T AR br S o #r , 15 B 5T X L T
IR AR ZS AR E A R UK R PR B S PR B (1B 2, T8 3) |, Fe e B /K UK RPN R 3 P A R ) 5 2 kA7 s
] B i AT A5 2 R A A 3R K A S BB BRI

I 2 BT LU b 7K 7K ek A 285 v BURRRIR S ) b X = 2 0 A7 7 S I ) BB A IR Ll b X o F 5%
DXEATHT AR 29. 51% | J PR R a0 S b DX 75 7K )2 J2 B RN ORAP J2 5, b 7K R R AR A B R AR kb i D A5 25
YER 850 T K AR S R G U

MR 7 A 2SR () v R R X T RS DX R AR 24 619% , 32 B0 A 7E PG I L R ek AR R B R —
LTk BHIAR X BT, A3 — Ml DXl 7K GRS RIORI K o 2% B e R (B T A D R s &
T BT R I Tl V5 G A bV R AE A S5 it AT 5t 85 S b 3R 7K K B Ak 55 S R G |l R 7K A S R AT BRI
BR8N 7K A S R i

iR 7K A A5 A SURRORI A ARt A o RS DX T B 45. 88 % , 32 B4 A A SR AR AL AL ph R T
PR P52 751 NG IR Y 720 = I ey £ £\ B B ) R IR G Y Vs K APt A W S /R 1% 7 8 1T ETR DA 20 N N o 2 0
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AT R K GEIRAS 3 A R /K AR AR AL TN RO R FE U X 2 0], oAb IX oy T PR 4P
JERIERZHE, LR - s0k =, BB AR I EGR , KARHMA R R K SR E &, B 7K AR A U A
%, A= A PR AR — A I DX K AR | PR SR 7 5™ B B M K BB A e JBE A v i o - 7K
A SRR —RE R

HIP 3 AT RUA Y 3R K AR K 5 A 25 v 2SRRI SRR X, 5 B8 A7 7 1 i J] [T 9 5 5 R R IR 1L X, 3
H—1 LV I IR AR R SR A, TR S 45 K 5 KR AR 2 i AR 1 T K AR B R A
R Kt 2 TR ST AL S5 S RT3t 7K 2 175 4 | B30 A 2 AU A T v AR BRI

Hh R SEURR DX 2 A R AR I DA BH AR B 3R X A 0 e~ D 3 s DX A ol 9F 5 XA T AR A 50,17 %
i U R A 5 TR e A R 3 DX, 3t T /R IFR i AR FE AR K R it ML 58 B2 2 AR 3, Tlk 75K 54
HERCR A 15 7K Ak PR AR I 3 HE /N5 I PR K G A ) A2 31095 Gt i Jl T 7K A A SR e v, e A, U5
T Dt DXy T M KA A B g X A S B P A R R AN AL i TR R R LU S K2R B
35 ZR /N i ROl A ST R A58 DX I K A S R PR AT

T

[ % AR
I AR
I 7 ) A
I %
B2 STEFRTKKESEIETNE B3 T R i T KK RS AN B
Fig. 2 Groundwater quantity sensitivity map in the lower Fig. 3 Groundwater quality sensitivity map in the lower Liaohe
Liaohe river plain river plain

F T b T 7K AR A BB VAN 2 S8 T K S K B AN T T8, DLk, 38 S P 7 2K R K AR A U
IRV BRI T /K AR A SR /K B PPA R 3R A T 28, A5 8 BR300 J5 b /K A S U E LR S T

HETD R KAESEBIENE KB AT 0. 70 , K BTN AR TR T 0. 30,45 W6 &2 #E47 2
FRE T KA SHUBETEM 22 A B 4 2T A5 2] A 1R K AR S BUREPEM 25 A B B MK A R
R AKX A SR IREE T NS0 Bl TP i U

FED MR KA SHUSE K PR AR IR T 0. 30, AT - AR IR T 0. 70 , 449 |8 )2 26478 0
R EI T KA S BUSRME RN 28 A8 5, 1% 15 20 00 1T 7K AR S U AE PR 25 5 B R AR EE T R K
“Bji5 7 M RE , JE B K T A B 2 R T KO F SR IREE B N Bh T A U R

FETD  F 4 MK AESEURPEEMTEEUE 3. 6400—7. 1810 X [H] 254k, 751X — [X 8] 42 4 F /K AF 2565
TR AR BE 43 A A5G, v AR H T S0 00 i 7K A S A 32 D R R v B R R = 3 R AT X
TR 72, 02% , 2L A 78 H 81 JR b X R ZR 3 LL i b AR I, R B0t T HOE I Mo R KPR 45 X
A SRAAF RN AU ) A P 2 B v P R R R A DX 3 A7 A S S B L X, = AR K )
SR RS, AU 53 A 78 1S b B bR BT R —A H T S A M X PR 2R 0 48 ) 4R i 9% U
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5 ARNBMTRESGRETMNE

Fig. 5 Groundwater ecological sensitivity map under scheme II

E4 FERI BB TRESSRETNE

Fig. 4 Groundwater ecological sensitivity map under scheme I
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FARY I IR
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