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Fig. 1 The watershed below the Liuhe river mouth
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Fig. 2 The interaction between ecological and hydrological processes
(black arrows indicate the interaction relationship between the
processes of the energy and eco-hydrology; the white arrows indicate the

interaction relationship within the eco-hydrological processes)
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AbEE, FERCUG R R . AR B T XA T BSOS R TR [l s AR ) 1970 ~
1984 4By 50 . o A AR T AR B, o 1970~1980 A MAZIEHH . 1981~1984 4% K
USR] . 4 A B AN R AU S5 S, AR S KR, A KR D AR A K
RAEGURS BT TRIE (B3 Fizs) o B A 6 1B 01 45 S5 0 A X iR 25 3 5 i 7E 1090,
TR R ERF) 0.76 DL b, Nash REBRAR HIWF o Wk 88 0. 57 Ab, H AR R Wik
0.7 L L, KRR BELLLERWFE 2 FiR.



1092 1 b W 5 30 %
1 EBKXETREFERRITELAR
Tab. 1 Main formulas of eco-hydrological processes
AR EERH A #/UE
AN AKIBRMW S EM, pmolCO,/
P o955 (AR (m? + s); Ra g HOHE A K 3o 72 0 0 A
pmolCOz/ (m? « 8); 28.5 K CO. 54 i
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Fig. 3 The runoff check of hydrological stations
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Tab. 2 The accuracy verification of runoff simulation

W IE BF 1
e 4 45
RAWT T [l 5 % AKHEMT T Inl 5 4%
SR (mP/s) 2.52 9.57 3.05 10. 60
B R (md/s) 2.63 8.63 2.76 9. 84
AXFRE (%) 4.37 —9.74 —9.32 —7.18
PS4 0.76 0.92 0. 87 0. 96
LRI 0.57 0.81 0.71 0. 92
1.3 WEFTOE#ES *3 WEFUOEBMERNTHGEITR (B4: 7 hm?)
Sl =Y Tab.3 The landscape change of Shuangtaizi
A T Y A estuarine wetland (unit: 10* hm?)
F (1986 4E. 1996 4E. TR 1986 4F 1996 4F 2000 4F 2005 4E
2000 4E L % 2005 4E) [ [ B 7.79 7.32 7.28 7.31
PR, 3E7E ARCGISO. 3 MR 1.46 0.56 0.55 0.56
15 4 9.25 7.89 7.83 7.87

W AR F & & E AT 4 #T
PR3] T TH B b AN L AR AR S (3R 3) . S5 AR BRI & A A M A ) T sl B
B, OB 5 B B 1986 ~ 2005 AR B 5% X AR A5 A% e 18 A () I )RR AR 32 S S I B, B
1986 ~2000 4F iR 4k B F1 2000 ~ 2005 4F A5 . 1R b 9 1 Hb i AR /> T 1,42
hm?, 2% DAYA] 1 Ml D U Vi R Ak 32, TR D T 0. 91 7 hm®. EZ i FAMEAEL,
WRAKANE AR, SRR L4, SO MR SRR &, i 20 12 A0 T R 5
Yoo S0 SR O K HE TS A, ™ EE R R R 0 AR R AR . ORI M s >, A
PR TE AR/ T 0.51 O3 hm®, — 5 [ A FIR K BE IR A 45 A 2, T8 b = R w54k i &,
WA S EH TR IR, MR T B Oy b, B0 A, &
A 9 M T BN T 0. 04 3 hm® P RP 2 AU b 1A AR B0 0. 02 5 hm® . EERH 2003
ELORIIRBHA TS . B AR B, IR 1w B, BRI BT B 2020 4F 52 B0 IR B A 55 1 A
1K 2.67 J7 hm®BILLN, MIERBGAF] 0. 76 DL . Nash RER A H IR T 5 BAE W 4 0. 57
Gh, HAREWIRE 0.7 KL b, KA EAR LSS RME 2 Fix,
1.4 WEFAORMAERKLETIFE

BT A KSR AR A XA T 1095 M A K XK R S S AT . Bl
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Fig. 5 The evolution law of eco-hydrological elements in the wetland catchment from 1981 to 2005
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XA K SCGE R ], X AEA WG s, 3T 100 43k, HLERSF ¥R E TS T 4
0.74°C, HMAMERSFERME, 2R EFAEERAE 1.5~2°C, JaMCHmm <
A E A S ), B 2020 4F, FREEFHSEATRERE N 1. 3~2.1°C, FF R K R
ATREIEIN 290 ~3% . TRIRNZE T 3l 48 Ak 32 22 25 RN Uit 4 b R OR 8 7 B — 1 b R A%
Ja b, AR R ST Y 1986 4F ., b B iR 1k 1Y 2000 4F DL KW AT BT PR 2 R 2005 4,
B g LT Lo e AR W, Ak, R LR K S Ak g sl b A, E T 15
PR SRR (K5,
T4 AAKFESEERLTERAELTN (£4I: mm/a)

Tab. 4 The elements of water at different levels (unit: mm/a)

KPR ROKE ZECR Bl REE E
WiKAE 441.89  219.47  0.266  61.864 1982, 1983, 1989, 1992, 1999, 2000

1981, 1984, 1987, 1988, 1993, 1995,
1996, 1997, 2001, 2002, 2003, 2004, 2005

K4 583.88  217.43  0.293  81.743

FIKFE 782.30  229.90 0.354  109.52 1985, 1986, 1990, 1991, 1994, 1998

P IR 3 15 Al ST X WL F I FT R 1980~2005 4FiEA7T1% 54, XF L sh
DG EATEE. FBoKE., Rk, BN, BRRIRUL KR KRG, 45
WL 6,

HE1ENEEBEN., FE2EFESBRSREN, BET S, BHEKXE
B AT LAT W8N, M KR K I k>, &6 M%7 KR, B
BlREAZIN, HAERYMEZ AL, FESEHFE 11 W LA B . BPILERE
B, 1986~2000 4%, i@ AL 2>, LAL, ZKHE . BiwEZ /N, BRI M KR H K

£S5 AKEREUAREE

Tab. 5 The scenario simulation programs

K BT Fig 7K b A A% SR i s ik KA AL
L3°C 1.5°C 2°C M 2% kb 2% 1986 4F 2000 4E 2005 4E EUFASMAH AN 10% W 10%
X

o
¥
gl_
o
_ﬁ'

o
-
Ny
S
—

X X X X X

© o N > Gl s W N

— e s e
w D = O

s
XX X X X X X X X X X X X X p

X X X X X X X X X X X X X p X
X X X X X X X X X X X X p X X
X X X X X X X X X X X p X X

X
X
X
X
A
X
X
X
X
X
X
X
X
A
A

X X X X X X X X X P X X X

P P X X X X X X P X X X X X
X P X X X X X P X X X X X X
XX X X X X P X X X X X X X
XX X X X P X X X X X X X X
P X X X P X X X X X X X X X
XX X P X X X X X X X X X X X
XX P X X X X X X X X X X X X

—
o




1096 1 b W 5 30 %
Fo6 BEEMERSW
Tab. 6 The results analysis of scenario simulation
YiES LAI  FEkE (mm)  ZEHE (mm) B (mm)  ABHEIE (mm) KKK E (mm)
1 _ _ _ _ — —
) i 0. 05 0. 00 4.28 0. 00 —0.33 —0.33
s (%) 2. 44 0. 00 1. 94 0. 00 —0.39 —0.05
A AL 0. 09 0. 00 7.37 0. 00 —0.61 —0. 61
’ R (%) 4.18 0. 00 3. 34 0. 00 —0.73 —0.09
. A 0.11 0. 00 8. 64 0. 00 —0.70 —0.70
MR (%) 4.89 0. 00 3.91 0. 00 —0.84 —0.10
_ AL 0.14 0. 00 11. 63 0.01 —0. 94 —0.94
’ s (%) 6.56 0. 00 5.26 3.33 —1.12 —0. 14
AL 0.01 11.95 0.56 0. 00 2.36 14.31
‘ R (%) 0. 36 2. 00 0.25 0. 00 2.82 2.10
; A —0.01 —11.95 —0.59 0. 00 —2.38 —14. 33
MR (%) —0.28 —2.00 —0.27 0.00 —2.85 —2.10
0 A Al 0.02 0. 00 1. 26 0.01 —0.19 —0.19
s (%) 0.75 0. 00 0.57 3.33 —0.23 —0.03
o i 0. 00 0. 00 —0.38 —0.01 0.14 0.14
EWE (%) —0.17 0. 00 —0.17 —3.33 0.17 0. 02
A AL —0.01 0. 00 —0.77 —0.01 —0.14 —0. 14
10 EWE (%) —0.38 0. 00 —0.35 —3.33 —0.17 —0.02
. A Al 0. 00 0. 00 9.01 0. 02 3.52 3.52
s (%) 0. 00 0. 00 4.08 6.67 4.21 0.52
19 i 0. 00 0. 00 0. 00 0. 00 0.13 0.13
FWFE () 0. 05 0. 00 0. 00 0. 00 0.16 0. 02
A AL 0. 00 0. 00 0. 00 0. 00 —0. 20 —0. 20
e mWFE () 0. 05 0. 00 0. 00 0. 00 —0.24 —0.03
" A Al 0.16 —11.95 13.19 0.02 —3.49 —15. 44
ER (%) 7.44 —2.00 5.97 6.67 —4.17 —2.27
15 A 0. 00 —11.95 21. 65 0. 02 0.24 —11.71
R (V) 0. 00 —2.00 9. 80 6. 67 0.29 —1.72

K 2000~2005 4F, GBFFIL T, N0 b 1A AR I R M T AL N, LALL EEE . &
TR AN R AR AN K S0/ s % B B R AR AR, Z880E . Bilw . BRI KR %
IR H, SRR 4. 08% . 6.67% . 4.21% F 0.52% ., 52 12 Ml 13 FEHIE I iF
HoKEAR, RIS SRR, KA 25 B R B/ . AR TR AR SR # DK i i e 7K AE
femiABfb., % 14 M5 @ THE R, ERMEDEZETHRMAET, W HmARE K,
LA, 2 F G KSR AN K & B /0N 5 1 i B ot T AR A st L 8 b 4R 7K X R R # B K
/N,

ATEEREN, BESEBMEAE LAIWFEEZWET, MR, K, A A
Hh R AR HOR B EZERZ W T, 8RR SR R K B A8 Ak 32 [ K R A b R R 505 K

2 AR B bR

2.1 £ESAMmEm
0 i V50 A 2 P M v S R AE N X AR ST BEE AL, R AR S A Ao =2 &
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FE RIS, — FR A N 2 2, SRR M A K SO AR R R AR R AR, AIEHE
MR IE R R, AW i /NX 7072 7 hm®, HA R EEVRE R 707 J7 hm® . BREE MR
90.65 J5 hm®, XUEG T R A7 T2 =AM O, AEREAREPX—
WEFROHRGEY X, KIEEATDREEN ‘R EERMZ —, 78R
Bz, NOREEAR Y XG50 . RO AN R i de e M, R B 73T 11 B AR AR X A B 4
() R RS CRTFRCA 9. 25 J7 hm?®) W8 I ASBE T A9 A= 28 b il B X, L = 35 3 5
7.79 77 hm®, BEEMER 1.46 J7 hm®, 1986~2000 4F, iR fb™ &, XA FEEE TR B
i, BB ERS, Rt E A, R E 2020 FREIERHE S AN 4 T,
A FE K K0 1 T ) N b T R A AR M B () 5 PR R, A 3 1 I A 3 b AR
fE. B 20 AR R 08 A S VR Hb ) DX 35k, RIS W M A S OK SCUE AR R, 3 RO b B A G
gy VI RLRIIX, WFR 9.33 7 hm”, Hp A =E3EEE 7.87 77 hm®, BHIEMVR 1.46 7
hm®, W B X . BRI X LA R fe /N X 25 F A Jy an 1] 6 TR
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Fig. 6 The ecological landuse of Shuangtaizi estuarine wetland

(left; Minimum area; middle: Suitable areas; right: Planning area)
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5T DX AR A A EE ) 32 L ] R 0 S b 1 AR /D, R AR IRK AN AN I KA BE S
S O W Ml KBS RN A SR AT A B R AR A T B, A0 SRR K R 25 A5 AN B R A )
S, TR DRI AE LAGERE . it TR BRI N [ A X AT AR AR TR KL DAOR R
RAKANG . s AR S PR . W0 b A 2S5 K N A A TR AR S R G 2K WU TH FE I K
g HEREK A A S IR I 2 ) KA B LB K 73, DLSCKRM A b R KRR K, s R v
fi5 g s K,

ASCHE SIS TR T K, B EIEF K, WS HTE K. FNE T TF KL &
T B AL T e e K 5, SRR B AR B/, P DL Rl R AR K, 525
HUO T A AT, AR 7 TR,

T FE K X Z A B E K il 6.35 42 m® /a, HAFIKAER 8.32 12 m*/a, FIKAER
6.21 12 m®/a, HiKFN 4.70 42 m®/a, {BHAESTE KT 0P RELH, FARFEKER
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Tab. 7 The ecological water demand per unit area of Shuangtaizi estuarine wetland
(unit; 10* m* per square kilometers )
) /N K K B R K
i KA o o e P o I
PR il 2 PR Bl 52 T ok PR B3 T ok
AL 0.0048~0.008 0.001~0.003 0.008~0.010 0.003~0.005 0.010~0.026 0.005~0.006
7 g e 25 L9] 0.008~0.012 0.003~0.004 0.013~0.018 0. 004 0.025~0.030 0.004~0.005

ZEAREEDT 0.008~0.013  0.001~0.002 0.011~0.019 0.001~0.002 0.014~0.02  0.001~0.002
X il 4] 0.012~0.019 0.001~0.004 0.021~0.031 0.004~0.007 0.040~0.048 0.007~0.008

AR, EBFKEREZNE, H/AT 0.340 m’/a, FEAT LI R ABTKENR: FKE
HICIRCYES > FANSIUR & (1908 AN ) - NP | 5 S RS2 S/ N3 P o X 87/ R N )
1.19~2.39 42 m®/as R/KARAZSBROK ™, ME LU 2 /N X R (R AR S F K ZER . Blok e
Bl 1.15~3.90 44 m®/a, W3R 8 Bz, AL, 5 25 SO0 Al K AR K i kA7 5 BRI 42, DU
PRBE T F 9 AR A K 22 4

®8 WAEFHWAEMESIEE (RfL: {Zm'/a)

Tab.8 The eco-supply capacity in Shuangtaizi estuarine wetland (Unit: 10® million m* /a)

Tk FH M AR AT KR R, M A AN G R

SR T T T ey A ik
f/NX 3.39~5.66 0. 06~0. 20 3.46~5. 85 0 0 0~1.15

M @EEKX 3.74~6.23 0.15~0. 44 3.89~6.67 0 0~0. 46 0~1.97
HARIX  3.78~6.30 0.15~0. 44 3.92~6.73 0 0~0.52 0~2.03
/MK 5.66~7.07 0.20~0. 32 5.85~7.40 0 0~1.19 1.15~2.70

mH O@EERX 6.23~7.79 0. 44~0.73 6.67~8.52 0~0. 20 0.46~2. 31 1.97~3. 82
HARIX  6.30~7.87 0.44~0.73 6.73~8.60 0~0. 28 0.52~2.39 2.03~3.90
/X 7.07~18.38  0.20~0.32  7.40~18.77 0~10. 45 1.19~12.56  2.70~14.07

ey WmEIX 7.79~20.25  0.44~0.73  8.52~21.13  0.20~12.81  2.31~14.92  3.82~16.43
MK 7.87~20.46  0.44~0.73  8.60~21.34  0.28~13.02  2.38~15.13  3.90~16. 64
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BALF R AT N i, B S E R R A RS RE WSS MIIRE, SENE A S R fE
B FREE AR B bR, 7R A A A R R R S i AT, AR A R A, R
R BRG @R L4,
3.1 I RREKERE

FERGKAR . RAR SR IK B S DL i A TR ok, @R AT N T oAbk, MBS X A7 7E
AT JE K B R, FEAT LA REIM 51K, s R ITIE K, i P bk KA 2 0415
B, KWK AN B, A AAKETKE 2.7 12 m*/a, ¥ HE®% 0 E F
W R AR 0 . = SOkl ARG ES ARSI K s KAD i E] i K 0. 8~
1.6 42 m® /a3 FF300 10 HEVE it b 42 /K RO 40 X 25 DS A0 TRE I K AT AR 45 fE ok
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3.2 FEIRRHER

TREPEK A B mE AR F b 58 KR e e LA 2 AR AT KR, RECLE A R
T RS . N RUE T R A A PR T RS R R R AR . 1 T NN R AT A A A B
PR . AE H TP A R SR b A B v, N 5 Ak R B R K AR i 3 T B A R A A T g
() OCARXT 3, [RIB MR A 7= ARG S AR K P G, SE I MO S R s LR fn o A= A AR
PXE S, ORGP . SRR K E . SRR R S F R, b
Hb o R RS RS R EE I SR E SR RE T, 7R O A K SO DN Y B AL BG n As AE A
W, BRERWEIAE SSRGS . DIRESERAE A T AL RRAE, 2 T R 18 b A ) 22 4 1 e A
5B REEWSREHEANG, @R Ad B RE/EENITEN FE. &5, BRELA
FHAG S5 Az 2 A AL TR KR it . X b AR S RS M AT PR AL Ak, R AEE R TR
TR BUE 22 A A MR it 22 A T 2 R FE o 00 b A 255 2R 8 0 s O (L AR 58 2 o sl sl L 1%
THE S IR, tean . ISR BPAE SR . K AS B AR IR TR RS AN AT BT B
O /0 TR S it B9 A A R

4 #Ew

AR S A A G — ) FRAIL D AT O AR SR SO 5, X 1981~2005 AR
T 13 Hh B 7K DX AR 5 K S AR R AT AL, A5 B DL R A5

(1) 1986~2000 4E iR MR AL, R M A AL T 1. 42 77 hm®, 2000~2005 4F Ky
W A 2, WA T A 0.04 7 hm?,

(2) 1981~2005 419 25 4F [AVR H 52 /K X 45 A8 /K SCELZARPRAR (b B s bl 3, &R
XL BRI X LR f /N X ) A 285 A 3 T AR08 9. 25 J7 hm® | 9,33 J7 hm? A 7. 72 J5 hm filA:
AHEAKBIEST 9N 3. 46~18. 77 4 m*/a, 3.89~21. 13 1Z m®/a Fl 3. 92~21. 34 {Z m® /a,

(3) IHLEE K IX FIKAERIREN K BN 8. 32 42 m? /a, /K7 R, FLAH] DI e 2B &
T KER s SFIKAER 6. 21 {2 m*/a, 1 AT 2 fie /N X B B AR AT K ZESK 5 Al KAl 4. 70
f¢ m®/a, AEBEK™E, SOKIEEN 1.15~3.90 42 m*/a, T REOEEER . DO 2R
A ST KER,

SE K
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Eco-hydrological simulation and regulation of
Shuangtaizi estuarine wetland

LUO Xian-xiang', ZHANG Rui"' ?, YAN Deng-hua®
(1. Key Lab of Marine Environmental Science and Ecology, Ministry of Education,
Ocean University of China, Qingdao 266100, Shandong, China;
2. ShanXi Institute of Water Resources, Taiyuan, 030001 ,China;
3. China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: Due to the impact of global climate change and human activities, there are some
problems such as ecological water scarcity, water quality degradation, soil salinization,
seawater intrusion and so on, resulting in area reduction of Shuangtaizi estuarine wetland.
To restore and protect the wetland environment and address the balance of water supply
and demand in wetland, this paper used the eco-hydrological coupling model in the eco-
hydrological viewpoint, and simulated eco-hydrological processes of Shuangtaizi estuarine
wetland from 1981 to 2005. The results showed that: the inter-annual change of the
hydrological elements in the wetland showed a decreasing trend, but the reduced coverage
was not significant; the annual change showed a single peak curve, mainly in July and Au-
gust. The natural supplement water was 8. 32 billion cubic meters per year in the wet
year, which can meet the eco-water demand. The natural supplement water was 6. 21 bil-
lion cubic meters per year in normal year, which can meet the minimum eco-water de-
mand. Eco-supply capacity was 1. 15-—3. 90 billion cubic meters per year in the low flow
year with the natural supplement water being 4. 70 billion cubic meters per year. The eco-
water demand can be met after the appropriate measures for ecological supplement regula-

tion are taken.

Key words: estuarine wetland; eco-hydrological simulation; ecological containment objec-

tive; regulation measures; Shuangtaizi



