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Study on the ecological water demands for typical estuaries in Haihe River Basin

SUN Tao', YANG Zhi—Fengl'z , LIU Jing-—Lingl (1. School of Environment, Beijing Normal University, Beijing 100875,
China;2. The State Key Laboratory of Water Environment Simulation, The Key Laboratory of Water and Sediment Sciences, Beijing Normal
University, Beijing 100875,China). Acta Ecologica Sinica,2004,24(12):2707~2715. | |

Abstract : Estuaries in Haihe River Basin are located at the east of Haihe River Basin and west of Bohai bay. In recent year,
degradation of estuarine ecosystem has become common due to a high level of pollutant load and water resource utilisation in
order to support a continuously increasing population and economic development in Haihe River Basin. In order to minimize the
negative influence of a reduced river discharge, the ecological water demands for different ecological objective are calculated for
Haihe, LLuanhe and Zhangweixin estuaries in Haihe River Basin.

Three types of water demands are included in the calculation of the estuarine ecological flows. These are water demands
for water circle, the biological circle and for the habitat. Water demands for the water circle and the biological circle are
consumed , whereas the demands for the other portions of the ecological flow (e. g. maintaining reasonable salinity, dilution of
pollutant loads, sediment and nutrients transport, for habitat) are not consumed. These parts of the Ecological flow, which
constitute the runoff to ocean, is compatible. The maximum value is considered as the Ecological flow.

Evaporation and the water content of soil are considered as water demands for water circle of the estuarine ecosystem.
Water demands for the biological circle in the estuarine ecosystem is defined as water content of biota and biomass. Methods of
calculating water demands to sustain a required salinity that ensure certain habitat conditions are presented. The methods are
based on the close relationship between freshwater inflow and salinity in estuaries. Water demands for sediment transport is
affected by sediment carrying capacity and alluvial sediment in estuary. Hydrological, biological and hydraulic methods used are

presented and parameters for different kinds of water demands are listed respectively.

B4R BERARB¥RELEFELSARITH (No. 50239020); H XK T S EMF R R EAR (973> % By H (No. G1999043605)

58 B 19 .2003-09-10; 41T B ¥ : 2004-05-08
EEBN . HFEAIS~), B LWENEA B, FTENENOEREBRRBEM . ASHKERTKEMNA. E-mail: suntmail@sina. com

Foundation item:Key Program of National Natural Science Foundation of China (No. 50239020) and the State Key Project of Fundamental

Research (973) (No.G1999043605)
Received date:2003-09-10; Accepted date . 2004-05-08

Biography : SUN Tao, Ph. D. , mainly engaged in environmental simulation in nearshore zone of estuary and eco-environmental flow. E-mail;

suntmail @ si



LT

= & F M 24 ¥

2708

The problem of pollution can not be solved thr.ough dilution. At the existing pollution level this would require more water
than can be made available. Required flows for such purpose are therefore neglected in the calculation. For considering complex
responds of the ecosystem to nutrients loads, a more sophisticated model is needed. In this study, it is assumed that water
demands for salinity and sediments transport will also fulfill the needs for water quality.

Annual ecological water demands for different estuaries is calculated considering the compatibility of the water demands.
In general, water demands for fulfilling the minimum and medium salinity objective also fulfill the requirements for sediment
transport, but the water demands that fulfill the maximum salinity objective will not fulfill the requirements with respect to
sediment transport. Maximum ecological water demands for runoff should in this case be determined by the requirements of
sediment transport. The allocation of ecological water demands between the month of the year should be close to natural flow
distribution.

The basic annual requirements of ecological water demands in Haihe and Zhangweixin estuaries are 5. 97 and 4. 96X 10°m°
respectively, which could not be fulfilled by river inflow in recent year. The estuarine ecosystems in Haihe and zhangweixin
have degenerated completely and could not rehabilitate naturally. Annual freshwater water supply for Luanhe estuary is enough
for the ecosystem. However to protect the Luanhe estuary it is highly recommended also to focus on the monthly variation in
the discharge. Analysis for the estuaries of Haihe River Basin has shown that the seasonal variation of the natural flow is
approximately in accordance with a normal distribution. Temporal variation of monthly ecological water demands are calculated
based on normal distribution.

Spatial variation in the ecological water demands is related to the difference between the local climate and fluvial flow
regime of the estuaries. The temporal variation is influenced by climatic variation over the year. Maintaining water demands for
evaporation and to ensure a reasonable salinity is recommended to be the key issue for the protection and restoration for the
estuarine ecosystem in Haithe River Basin.

Key words :estuarine ecosystem; ecological water demands; Haihe River Basin
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Table 1 Functions and characteristics for eco-environmental flows in estuary
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Table 2 Landtype in Haihe estuary
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& F) FH 7K 188, Subaqgeuous delta
R B 1, 8 Bl :
Unused water h 8K I Water
[Landtype Farmalnd Woodland Grassland =3 25 Hby Hv &
area depth at the
Reed Grassland Others Area
end of estuary
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Fig.1 Change of precipitation and evaporation in estuaries

(a)® ) 1 Haihe estuary; (b)Y 0 Luanhe estuary
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AFEHRM BT AR Fo, = a¥HA, (3)
AP Foh 2 BHEKE ;e HHEFFKERBEAMF KBRS TERBESRA T HLBWME ;Y A LHREEH W1 BBE;

AN+ HEER., BEREMN TEXAR B 4+ ESIER4 5 0.6%,0.4% K 0. 2% =ANZEE B 0. BEUIHAOHE +HEEH
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R, F, W  HAYRBTKE.LNEYEFEKE W HEYE. As HEYF AR A KB FBKE. & YfhER 4
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X3 FEZHEAFEBAKE Fo, (X10°m?) a4 LRWAR(X10°m®)
Table 3 Water demands for consumption of evaporation F,, Table 4 Water demands for soil
%5 BEH  REH WD , S#E W0 EEO EIHEO
. Hathe Luanhe Zhangweixin e 3 .. . .
Grade level - Salinity Haihe Luanhe Zhangweixin
estuary estuary estuary Grade level , ,
in soil estuary estuary estuary
7K TH [ F2 Water surface area 325. 0 410. 0 300. 0
K Maximum 6.10 4. 90 3. 55 B K Maximum 0.20% 0. 338 0.412 0. 338
& H Medium 4.10 3. 50 3. 00 i& H Medium 0.40% 0. 286 0. 349 0. 286
B/ Minimum 3. 50 2. 34 2. 60 B /)N Minimum 0. 60% 0.234 0. 285 0. 234

x5 AOLETRGEDHBREKRTASHE

Table § Parameters of water demands for biology cycle in estuary

MR P AT T HEmBERR
Primary production Secondary production High trophic level
1] ‘ _ B
e Bk A A o A 31 R 31 W £ %
Aquatic plant Phytoplankton Zooplankton Benthos Migrate fish
(g/(m3 e« a)) (g/(m’ +a)) (g/(m? »a)) (g/(m? e+ a)) (t/(km? » a))
. B K Maximum 4.0 2.5~3.5 2.5~3.5 >>25.0 >25.0
. i& H Medium 2.0 2.0~2.5 2.0~2.5 10. 0~25.0 10. 0~25.0
Biomass
& /» Minimum 1.0 1.5~2.0 1. 0~2.0 5. 0~10.0 5. 0~10. 0
& 7K & Water content (%) 60 90 80 . 70 70

WO X AR A= E FEGFBEKAEEY LFHFEY B REN OABRESFKEHYEEFEAIRKRYRH EFE
EE O EAKEM 50 Okm?, B OB TFA O 20. 0 km?,

FHHY T KEAIHEYEN OL I e X IH B HEDEY RIS H £ 1. 5~3.5¢/(m’ « )R EIFHD
RN 3N FR,

MOMXBHIMERERBOREETE FHEEYETWYEEX FEAS R RN T S BEHAPH A,
Al Bt 25 R W S 4 (BN B AR D A S R R X R R 2001 £ B AR SR BDRAL AR m&%mm%mﬂﬁmf
YIEAN 0.665g/(m*+a), ZEF AKX EEWE N, B REEENORHEIIVEDERBE N 1. 0~3. 5g/(m*

HOX K RBEXKALXBTRERAETHSEFRR RSP EN D ESRERGER B3 MY i ﬁ%tﬂﬁﬁﬁa%ﬁﬂs :
BRIEDEEERTAAEER. L ERBEIIYEY 12, EY L EMRXBEELZ . AHET. BELXHEYHRN 41.5
mg/(m? - a), F¥ L EBMERBRNEBXENSYF SEETEWN, EHNEYESEAEYEN 33X, IR LEMBTHEYE
H21.7¢g/(m’ ), MRIE XA R E FHiL 537g/(m? » ) W EKMEER O AESRERS DM T W EEHRE., 1 E PRI
BEZKER 70N, B2HBTHENBARARFOAESREGEYHBETKETESR.
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Fig. 2 Water demands for biology cycle in estuary
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Table 6 Parameters for influence range of freshwater in different grade levels
2 ¥ Parameters # % Spring B & Summer k% Autumn 2 & Winter
&% ik & Salinity in ocean 32.0 32.0 32.0 32. 0
i ¥ b BF Salinity in nearshore zone TR AEN _ 24.0~27.0 TR ZFH _ 29.0~30.0
Between summer and winter Between summer and winter
B & Maximum 0. 11 0.16 0.11 0. 0625
A HH Medium 0. 14 0. 20 0. 14 0.078
. B /N Minimum 0.17 0. 25 _(_) 17 0. 094
QORUEEFKE HXHAREMPHNO,.RULHEE F£7 AOHBHEEREKE(X103m?)
KEBEIHAARIPERDIGE., BRI OHFERAER D E W Table 7 Water demands for reasonable salinity in estuarine habitat
M%) P v B, 75 1958~ 1989 4E[8] , ¥g o] () F o) O 3 BX 4F 7 WO FEO EIHEC
HR 58. 2X 10'm* , RYMER K BASNEETERIA o Item eI:::::y ;‘2‘1‘; th:fu‘:;’““
™ = ' = 3
BEF=ZAMNESHYR ORBPBER=MAM. 1979 FIREE T 0 A K B (> Water depth ot
MEEOKARARREABVREBE LS BB EZMAME the end of estuary 19 8
MRBRFEARM, EMORYDTAKERESHERAERIMES. WOEHkm?) Estuary area 210 300 250
WO R EEF KR ERATR FR Grade level
F.=Q./C (73 B K Maximum 0.2 4. 48 8.0 4. 26
s T i/ 18 H Medium 0.15 3.36 6. 0 3.2
A, F, AR h I H/KE . Q ARV ERHE,C R H o E /N Minimum 0.1 2.24 4.0 2.13
HFAE S, A RAKRBEVEENRR, HARRHAZEFEKI K
BENBKKERDESN . FMNUBENEZFRLHETKE . RABRKFXNEUVEREZEVFHEVERAENEE K R/DKIHE

WS, KRBEMNSUERXPERABUHFEEDHEX. RSGUTHWRBEENORDHEF[ KESFMOABTKE.

X8 FARKEEZETOAORDPEBEHKEBENFTRAKE(X10°m?)
Table 8 Water demands for sediment transport and runoff to the ocean for estuaries in Haihe River Basin
g ) [ B A & T O
L4 Haihe estuary [.uanhe estuary Zhangweixin estuaary
Grade level B /H 18 H 15N B/ B8 H BX B/ i H BX
Minimum Medium Maximum Minimum Medium Maximum Minimum Medium Maximum
Ci(kg/m?) 30. 0 15. 0 3.0 30. 0 15.0 3.0 30. 0 15.0 3.0
PR (X107k
FHEDR g) 154. 23(1958~1989) 317.71(1978~1990) 107. 54(1980~1989)

Annual sediment transport

iz /KE Water demands for

. 0. 51 1. 03 5. 14 1. 06 2.12 10. 59 0. 36 0. 72 3. 58
sediment transport
gﬁifﬁ Water demands for runott -, 3. 36 5. 14 4.0 6. 0 10. 59 2.12 3.2 4. 26
B T M) KT 11 2 A5 R O B A XE B2 B R R P MR o B S A BRI B R AN A BRI R
ER O R EAFFHEREM L, MOKEEE RUORERKEAJUBEEFY REiaEK.
MOESHEEKEBPAKBAREERNEYMESAEKEINNELE KR SYMBMTFEKENEHFEEMKE , STRAEE
HAMHARBURTOAEBE. HEMEKEBEHELUREKKENEN. (TBEREH, —BEBERTR|KEEEFTKETLIHL
WORVHZER, BRERASFHZEAEBTFKERFURTYEET KENEHEF.
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AR BKESWOLIRZHER L.
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REER ORRZHRENG FEELH  EHEMERAEARAFEESH AR, HBMRBNOZAEESHRFTKE F. 1
HE .

F _ta—w?
F, = 20 (6)
A, e HAG HEPRA =80 RF 1 FFSAMTKEEFASERLERKR . RHs=2.0,1.0,0. 75 R/ KEFN
R AR A I AR SR, HEEARAEHN O RO REBERHTOAREFER TEAESHIETKE. FKESHEPEMLE
B OMIX 8 AR/KEREFHRE. o= 2. 0 WEBERFLRF FAKEEFERZMMEXNFE, RHKE S LFELEA 50.8% &
EF O X 2EREA TR E. 0 = 0.7 WEKERFEP M E~8 A KBEIL2ELER 76.57% . FKEFEWRE
ACRUE T 1 3t X TR A R A B i
| %9 AOESTFRMKRSTORFEREX10m?)
- 2007 gg mmu;m Table 9 Water discharge and ecological water demands for estuaries
ag %s 0 % Minimun in Haihe river basin
— 150} N
z §$ {1 ZWMO WIHFHMAO
7 | = \g ] 13 " o p
5 \5”” Estuaries Haihe Luanhe Zhangweixin
E 10.0 1 Y- %%g estuary estuary estuary
7 - Nz
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