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Estimation of ecological water demands based on ecological water table limitations

in the lower reaches of the Liaohe River Plain, China
SUN Caizhi'** |, GAO Ying', ZHU Zhengru'

1 College of Urban and Environment, Liaoning Normal University, Dalian 116029, China
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Abstract: Groundwater is an important part of the global ecosystem. It strongly influences ecosystems in arid and semi-arid
regions of northwestern China and is the primary source of water for human use in northern China. This paper investigates a
typical expansive groundwater basin — the lower reaches of the Liaohe River Plain — as a study area, which continues to
experience rapid economic growth along with rapid development of the region’ s groundwater resources. The groundwater has
been and is being seriously depleted. Some hydrogeological problems in the system are becoming apparent and the area is
experiencing significant water shortages. The ecological health of groundwater systems has become a serious issue in ecology
and is receiving considerable attention from the general public.

In consideration of the evaporation characteristics in this area, the requirements needed to maintain a healthy state of
the water table for some ecosystems such as natural grasslands, natural wetlands and rivers are demonstrated; then an
ecologically appropriate level of the groundwater table was determined based on hydrogeology and ecology. An ecological
water table can be defined as the range of water table depths that can maintain a water supply for both human uses and for
normal growth of natural vegetation. For example, in natural grassland the appropriate depth of an ecological water table in

spring, summer and autumn is 3—4m, 2—3m and 3—4m, respectively; and in winter, the appropriate depth of an
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ecological water table only needs to meet the needs of the hydrogeological limit. As for natural wetlands, the depth of the
ecological water table in spring, summer, autumn and winter is 0. 5—0. 8m, 0. 3—0. 5m, 0. 5—0. 8m and 1. Om,
respectively. Based on a comparison of the ecological water table and the actual water table, Golden Surfer software was
applied to calculate the ecological water demand for the restoration of the groundwater system on a monthly scale.

This paper adopts the guarantee rate method to delimit five levels of ecological water demand for the restoration of
groundwater systems, which have the guarantee rates of 90% , 80% , 70% , 60% and 50% . Calculating the probability
density of ecological water demand using the 12 datasets applied here is impossible using a traditional statistic model, so the
information diffusion technique was applied; with this technique, each data point is regarded as a set of data. This
technique has been proven to be successful and is widely used. Then, the ecological water demand under different guarantee
rates can be obtained. Under each guarantee rate, the ecological water demand can be divided into five grades, which are
100% , 80% , 60% , 40% and 20% of the ecological water demand corresponding to the related guarantee rates. The

results show that with a decrease of guarantee rate or an increase of grade, the ecological water demand increased.

Key Words: groundwater system restoration; information diffusion technique; lower Liaohe River Plain; water demand;

water table
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Table 1 The ecological groundwater head burying depth of different lithological character

i H Kt RIZ DIz Eb+ Kremey @My SN
Ttem Clay Silt stratum Sandy loam Silty soil Silty fine sand Fine sand Medium sand
PR Burying depth/m 5.0 4.0—4.5 4.0 3.0—3.5 2.4—3.0 1.8—2.4 1.2—1.8
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Table 2 The ecological groundwater head burying depth of natural grassland in different seasons

TiH HBEMASH) H%F(6.7.8 H) F(9.10 H)

Item Spring( April and May) Summer( June ,July and August) Autumn ( September and October)
4

IR/ m - - -

Groundwater head burying depth

LA SR SR A S B A = AN A B R % A S R A RS T R AN A KA
KA 0O R S ISR DI SRAR M T W98 5 B, T g DRI B2 A4 A4 06 5, e 19 i B, 34 i 194 7K 4% B £
0.3—2.0 m Z 0], HEBVAPEAbH T K HVRAE 1 m DAY A EER A SCHEIZ DX SBAN ] 255 4t T /K SV 8 2 7
0.3—1.0 m, 34k, AFFEIX NI AE AN [A] B SAR & AF T A T3l /K B RN R], = ZAB i A (O, sh i 5l
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Table 3 The ecological groundwater head burying depth of natural wetland in different seasons

FFEGBA4S5H) HF(6.78H) #*Z(9.10.11 A) KZFE(1212 1)

I

If\ H Spring( March , Summer( June . Autumn ( September Winter( December ,
e April and May) July and August) and October) January and February)

IR B/

RO 0.5—0.8 0.3—0.5 0.5—0.8 1.0

Groundwater head burying depth
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Table 4 The ecological groundwater head burying depth with river flows through

S m W TR /m WS HER/m AR/ m
Hydrological station Location River 45 7) (10.11 /) (12 A—%43 1)
Before flood season After flood season Dry season

TRk (=) LU Ji EURT} 6.81 5.00 6.81
ANEG (=) R EURT} 3.67 3.66 2.00
AFER LI J 757K ] 4.87 3.97 3.97
N (=) LI e Istiel] 1.46 1.46 2.00
BR(ON) LI J k) 5.00 4.53 4.53
EmIEEE( =) R LRBA] 1.30 1.30 2.00
[ZEAEN) L i J5 FRUT| 5.00 3.48 3.48
A LA i N 8.91 5.00 3.26
KB(—) L e ) 7.76 7.76 7.76
R ( =) L5 T 2.86 2.86 1.49
IR () LU 5 KT 5.00 4.31 4.31
HIH & LT e b 5.00 3.52 3.52
TR () L iP5 T3 8.54 5.00 8.54
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ZrG UL BiiR  FIFH Maplnfo SSRGS AR AR T B A SR IUX 2 26 32 -y A (] IX Sal T 7K AR 287K
PEIEGRAIE A5 30T 1 i A AR A R K AR BRI R (R 5) .
4 TEAFEFRERMTKREESEKENGHE

ASCIV H Maplnfo #4523 A1 50 19 0 A S A D) RE , BL & Golden surfer #AF AR A DIfig it 8 T L
TR R AR ST ARE . B, B4 B L SRS T, R Golden surfer 2445 04
o [R5 7K BEAEARYE N 10 S5k SCH T 3 IX. |, # BR [RIAE D7 A9 2048 8 . SR )5, W Golden surfer #X
AR SR DI R, B 09T DX b 7K S8 BRIER R A% X SO ( FBH,. grd ) 5 1R 7K Az 287K A 33 TR A% I SC A4
( EBH,. grd ) iFATXF Lb, IR LA /K BEAS I SCAE (e grd ) A5 B N ILTE L N K R G A BT K EE,
4.1 MR AKAERT KRS

BAR HATE NN T AT KSR 2 Bfd 4 A, fHTLXLﬁ?Q’ﬁﬁéfﬁﬁﬁ%ﬂﬂfiLﬁKﬁ;
i BT B B AR A A TR K, WK I Az 7 K U0 | 7K S 2 T 7 7Kk 40205 e SR kAR 2
I MR E S RGOS R IR EE R A /KRR TR SR &7 i R KA ﬁ'%mggmﬂie?ajﬂ
AR5 T KA R GEA TG AT BT 08 e B R KR R &Eﬂﬁﬁi&?ﬂ(l&%mixiﬂ BIEH &
FERT T B R KPR IR A S T A S AR SO R R K AR A TR K R A A B ), 2 R 4R B RE A T
JEHL TR KA SRR BT K AR KL, RTINS BRh T K AL A B A S KA 75 2 K &, B
IKAE BRI 5 7K B e AR SC I MIOCTE Y

£S5 TEAFREFERAMTRESRKGIBR
Table 5 The ecological groundwater head burying depth monthly/m

ZIE/(°) LB/ (°) 3A 5H 8 H 10 A 12
Longitude Latitude March May August October December
123.17 41.43 4.00 5.00 4.11 3.52 3.52
122.97 41.50 3.97 5.66 4.81 5.00 3.97
122.95 42.02 5.66 4.45 2.13 3.94 5.66
122.90 41.37 3.45 5.00 4.48 4.31 3.45
122.88 41.88 4.31 4.45 3.13 4.34 4.31
122.77 41.97 3.34 5.00 4.82 4.53 3.34
122.73 40.85 8.54 8.00 7.06 7.00 8.54
122.70 41.27 4.00 5.00 1.37 5.00 3.69
122.65 41.45 3.00 4.07 3.22 4.00 2.61
122.53 41.28 2.00 3.66 2.00 3.66 2.00
122.20 41.75 4.00 5.00 3.20 3.48 3.48
122.15 41.43 2.00 1.30 1.08 1.30 2.00
121.68 41.20 0.80 0.60 0.30 0.70 1.00

M TR 2, R 4 (UL 7R 35 DR S T O34t R 7K 2B 35K T3 R

4.2 DX R K S PR R S A

FRIGHFFE X P H B AR AL A 500, AR SCEEEL T 2010 4F 161 4N 544 12 A A 43 B3t R 7K SEBR
Rk, N Golden surfer #4421 b~ /K SEPRER AR W SCHF( FBH,. grd ), JFA T 2 T K HEIR S5 (E 4%
P 4), R RIS JE R K SCH R 23 X, LA 30 R 2R K w B (B 3) |, A5 BIRIFSE (X 45 7K A%
WIS (e grd ) o FEEI 3—6 1 T A EEH R Z IR SCHER/R G L BT A LL 5 A ok, o A (3%
PEBAT, B AR ET, C AR LT, D AARE 0T, B ARRAET, FACRE M,
4.2.2 XA T KR A

ZEATHT SO T AR R AL R4 4E 12 S H B3 R kA= K AR A Golden surfer #0241 il
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IIRE A5 T K MRAR WU SCHF ( EBH,. grd ) 2 AR RL AR AL RS (E AR I (D 5) .

4 TILHFEFES At TRERIEREELE 5 TITHFEES At TRESEBREELE
Fig.4 The actual groundwater burying depth contour in May 2010  Fig.5 The burying depth contour of ecological groundwater table
in May 2010

4.3 M FKAESTKENERE
AR AIFE DX A LT K KA S PR HE R 55 8 5 3 7K AR Z50KAL, R Golden surfer 2P 4 il P AT AR 11
SEIRE, TN AL s T K RGEA AT KR, Al

DH.. grd = (FBH,. grd — EBH,. grd) - p.grd 1=1,2,---,12 (2)

HREHE W SCIF DH,. grd W] LAZE I A 4FE25 H HL R
IKA ST KA S EHL I (K 6) Kb, SR 2R E(H
DR S PRl T 7K B ol 2 AR A K L BAE S R G ik
IR 5 AT H T 7K B DR B b 2 5 R DX S B
KRR R AERT KR X, AR RS KEERIX,
Al LAAERAAE A K

M H Golden surfer 4 FIHE M S DH,. grd , AT LA
PAR AL A WS KA RGEHKIX AR XA,
PASCEATT 3 3% 7 (8 it K e A AR K i 2 T A ol T
KRGS TKE(KE),

Lo P T KART KSR, B TIRHAERT K,
TERAET K B G I AN RE T SR AN, PRI, AR SC
FEF A R e S BT AR R SOV R K HE IO B 4 A PR UE 3R R T, KR AR 45 A M T K AR S T K ik

Frae KBS

B6 TTMERS At TRESERESHEEE

Fig. 6 The groundwater demand contour for ecological

restoration in May 2010

®6 TUIAFEEZERMTKESHEKE

Table 6 The monthly water demand for groundwater ecological restoration

A 1} Month
1 2 3 4 5 6 7 8 9 10 11 12

7K The volume of water shortage/10%m® 45.32 45.87 45.83 46.40 48.11 60.07 52.93 48.85 46.34 42.70 42.51 41.83
Bk X i AL Water Shortage area/10*km? 2.19 2.22 221 2.18 2.16 2.34 2.23 2.11 2.13 2.05 2.12 2.09
T A7k The volume of surplus water/105m®  5.00 3.97 3.42 3.47 4.04 273 4.00 6.08 549 6.30 502 6.68
ZA X HI AN Surplus water area/10*km? 0.45 0.42 0.43 0.46 0.48 0.30 0.41 0.53 0.51 0.59 0.52 0.55
A=K AE/10%m?

Water demand for groundwater 40.32 41.90 42.41 42.93 44.07 57.33 48.93 42.78 40.85 36.40 37.49 35.15

ecological restoration
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(D)X TARE I B 12 S H MK RGEA BT SR AR ST K B AR Bt 2k | JE T A5 A 5] PR R
R T K RGUEST KR, i TSGR MR ik g AT T 5 3 5 2 30 DL AIREA A e 2
D NE MRS 12 A REA RO AR i A T 20K, SREARCE A Z 0 AR AL A A TIRBER A R
PURARTERR, h TAE&E B — B 58 RS B BUS , — 5 A7 7E 8 — 3 2 9 Bk %, wT 1A
7% G (Y BB RE A AR SO SR (EREAS , LLIRAMGORIA S (R , 42 85 T 45 R T HEPE

P, 5675 B WO e as e U = [35.15,57.33 ] %R A 4 H #b T /K AR 875 7K 45 e
PEATAL B HARSRAE AP IR AT

BT BRI 12 A M PR RGEA S TR AR KL X 308

X=(x,%,,,x,) n=12 (3)
BB
U= (u,,uy,,u,) (4)
A5 B BB
1 (xj _ui)2:|
(u,) = exp| - —— 5
ﬁl>h%h4 - (5)
Sl R T SR A R b M @ LR REAR n A6 FUA A S IS
£ ¢ = iff(”i) (6)
TR S e
) =2 1)
PO B () SREAS S v 3 RIS A R o () AT b0
& qw0=2u4w> (8)
Q=iﬂm> (9)
i pw»=“3) (10)
BOBE | p(un) BRI ST TE w, A OBCRAE B T AR o, M | H 2
PWJZEMW> (11)

(2) 251K 15 90% ,80% ,70% ,60% ,50% fFIEZE T 1y T KA AT KA,
(3) Dh_bB 3RS R ELRE | HON EMFIE R T K B 100% ,80% ,60% ,40% ,20% 1EHK 5 N HEEEIR B 2 9% (H;
W AEE I 4 P RN R KA STKEM(ET) .

R7 TUARERRRIER FARRESRFEM T KESTKE

Table 7 The annual water demand for groundwater ecological restoration at different guarantee rates and different restoration levels/(108m®)

TRIEZR/ % R IZ G Restoration level
Guarantee rate W4T Excellent JEH 4T Very good I Good 1 Medium #¢/N Minimum
90 36.92 29.54 22.15 14.77 7.38
80 38.48 30.78 23.09 15.39 7.70
70 40.03 32.02 24.02 16.01 8.01
60 41.36 33.09 24.82 16.54 8.27
50 42.91 34.33 25.75 17.16 8.58

5 HERXE
AL FJR AL T T A Ak M X, H R KB AN G B &R, 3 T AR S IR B H 25 IR,
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PR M AR S e ) 1l R /K A ST K S RST80T A R RIFSY XA 28 R G 4R A T /K B8 U6 6 BT &R 1Y)
KGR L B R, S5 AT

(1) W57 A BT /KA KA T BFIE T 10 W S 0 A A PR B Ak B SR A, o TR) A X I
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Xif T K U KRS R G0 o0 3, Bl UK SCH RN AR5 B R T2 5 VR B, e 25 3 R 103005 i (14 b R 7K
AR, Hod B R 0.3—2 m, &R PEEF IR 5—9 m, ERE A 3—6 m,

(2) R Golden surfer 2K, T3 BUIR Mo /K A7 B VR S Az 25 /K 7 HEVR 258, 79 3 F L0300 JOAS [|) 3 40 11
T KK 41.83x10%—60. 07x10°% m® B /K X AR 2. 05x10*—2. 34 x10* km® B 437K & 2. 73 x10°—6. 68 x
10° m* ZA XA 0.30x10°—0. 59%x10* km® b /K A=K 35, 15%10°—57.33%x10° m’

(3) FT H HIEREE iz G B Y B AR & H TR R A A58 F L 5N R AR R R R 55
GUF LR AKAERT KR , G550 UL, A PRUE SR RRAG , T /K A AT K AN B8, 1 75 /K A 0 s, 7
AR R, HoHr | 509% PRUESR YR SE R I I AF 75 /K 0 42.91x10° m® ,90% FRIIEF Pk 4 2%
J e/ N R AT KON 7. 38%10° m?

H R KA ST K BB 2 B B2 A K BEREC B PR B OR B SR AL | T ARG SCTR 32900 i A S PR
DURF , o0t AL T KR ™ E, K R R Bl ) 0 SR TR A L 1) TR EE MU AR AR 2 ) T R
MR HL PR, 9K AR TR 33) R AOK PO TR S ATK S ffR D98 XN S A i AR ™ AR 28 K )
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