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Study on ecological water demand based on assessment of ecosystem disturbance

degree in the Baiyangdian Wetland
CHEN He" ", YANG Ying', YU Shiwei’, YANG Zhifeng'

1 School of Environment, Beijing Normal University , State Key Laboratory of Water Environment Simulation, Beijing 100875, China

2 Northeast Environmental Supervision Centre, Ministry of Environmental Protection, Shenyang 110014, China

Abstract: Hydrological regime is the driving factor in wetland ecosystems. Its excessive alteration will lead to severe
degradation of wetlands. Assessment of ecological water demands is essential for wetland protection, recovery and
restoration.

To solve the existing problems arose in the traditional methods such as simple interval range and lack ecological
information, in this paper a new method was developed to determine wetlands’ appropriate ecological water demands. This
method can maintain the resultant hydrological regime alteration within ecologically acceptable threshold. Firstly, the key
water level was determined by analyzing the water level-area curve, and a series of discrete initial water level scenarios were
generated based on the preliminary water level. Then, to identify the natural water level condition in a wetland, the time
series of historical water level were analyzed by using the Mann-Kendall approach. A hydrological alteration assessment
indicator, amended annual proportional flow deviation ( AAPFD) , was recommended to quantify the hydrological differences
between the generated discrete initial water level scenarios and the identified natural water level condition. Each generated
discrete initial water level scenarios was evaluated according to its corresponding AAPFD value. Finally, several appropriate
ecological water level schemes were identified, which can ensure the corresponding hydrological alteration degree within the

ecologically acceptable threshold, and their corresponding ecological water demands can be determined.
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We applied the proposed method to the Baiyangdian Wetland, the largest shallow lake and wetland complex in the
North China Plain, which is now seriously suffered from water crisis. The key water levels were 7.5 m in dry periods
(October to May) and 8.3 m in wet periods (June to September). Seven initial water level scenarios were set up depending
on the disperse results of the preliminary water level and actual status of water resources. Hydrological regime before 1960
might be natural condition based on the mutation analysis. The appropriate ecological water level was between 8.31 m and
10. 62 m during wet periods, and between 7.51 m and 9. 60 m during dry periods, respectively; and the annual appropriate

3

ecological water demand was between 3. 10x10° m® and 6. 47x10° m’. This method has high practicability and can offer

possible ecological water level schemes for water resources management and allocation.

Key Words: key water level; appropriate ecological water demand; AAPFD Index; the Baiyangdian Wetland
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KA ORITH K SCIE PRI, BN SR i R A 75 K TH A 5K BEA BREC & R 7 2 Bhig e, 2 &
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PR 2 SRR T, 15 H BEE I A S R R ZR B — RINVERT AR E,
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TR A A 25 R 55 T RE XA RN b /K T T AR DT AH OG
PR LG AT DL b T FRAE R PR s DD B FE B, >R FH S U
HoK A AT AR ERE, BN OK AL (H) R (A) AR LR
(dA/dH) R R E, Hon B LI 1, i F oK AR
ZIEAHAER MR R FEE KA T R AR D 2 AN TR
B, dA/dH FH 56 2 il et nT LAAS 21K T AR AR
(&S FNIPIIP S v VA

P75 31 (1 R 7K AV T 2R 0 M S B 174 A 2SR 55 D RE
AR (K3 ) AT R T A5 2R iR A KN T 86, % H
DUy S AOKGLI A Hy oo s, Bl SRR ERE R LR REE
45 KL WA IS 1) EA T B R, B4R 3] — R 81 A i 5t Fig.1 The relationship between water level and change rate of
KBTS, ANk 1 s water area

dA/dH

x1 BERAKUFE

Table 1 Scenarios of water level

Aty VES Tig2 WEE EL TS WY TR

Month Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7
1 (1+40% ) H, (1+30% ) H, (1+20% ) H, (1+10% ) H, H, (1-5%)H, (1-10% ) H,
2 (1+40% ) H, (1430% ) H, (1+20% ) H, (1+10% ) H, H, (1-5% )H, (1-10% ) H,
3 (1+40% ) H, (1+30% ) H, (1+20% ) H, (1+10% ) H, H, (1-5% ) H, (1-10% ) H,
4 (1+40% )H, (1430% )H, (1+20% )H, (1+10% )H, H, (1-5% )H, (1-10% )H,
5 (1+40% ) H, (1+30% ) H, (1+20% ) Hy (1+10% ) H, H, (1-5% ) Hy (1-10% ) H,
6 (1+40% ) Hg (1430% ) H, (1+20% ) Hq (1+10% ) Hg H, (1-5% ) H, (1-10% ) Hg
7 (1+40% Y H, (1430% ) H, (1+20% ) H, (1+10% ) H, i, (1-5%)H, (1-10% ) H,
8 (1+40% ) Hg (1430% ) Hg (1+20% ) H (1+10% ) Hq H, (1-5% ) Hg (1-10% ) Hg
9 (1+40% ) H, (1+30% ) H, (14+20% ) H, (1+10% ) H, H, (1-5% ) H, (1-10% ) H,
10 (1+40% )H,,  (1430%)H,,  (1420%)H,,  (1+10%)H,, Hy, (1-5% ) H,, (1-10% ) H,,
11 (1+40% ) H,, (1430% ) H,, (1420% )H, (1+10% ) H,, Hy, (1-5% ) H,, (1-10% ) H,,
12 (1+40% ) H,, (1+30% ) H,, (1420% ) H,, (1+10% ) H,, H,, (1-5% ) H,, (1-10% ) H,,

1.2 HARFMF NI K ARS8 2

Mann-Kendall #5035 & —MAES GG Ik . %07k 2 R TR ARl A5 2R A i ]
JFHN 53T 22 ARSCORI ] M-K ( Mann-Kendall ) 23 %0 9 b 7K A 354728 £ 350G 56 L Afl 7 22 b 11 R 240 R 1Y
IKSCIRAS o B3 820 : ORI F R w0y, y ooy, m RR S i DREAR v, KT 2, (1 <5<i) I R, E X8

it

d, = ; m, (1)
TIPS BEHUI S BE T, d, BIBIME 7 22505000 -
Eupzﬂ%}ﬁ (2)
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E(k - 1)(2k +5)

Var(d,) = 7 (3)
W d, prifiEfl.
UF, = M (4)
JVar(d,)

UF, PR IR A, 45 5 B B MK o 25 UF, > Uy, | ERI T84 I B i e Aas b, 8ty vk
MR x P F fE EGH RINE UB, = - UF (k=n,n-1,...,1),UB, =0, Zrjl%:th UF, H1 UB, ¥
L&, 4 UF, >0, MR P A5 E TS UF, <0 IR TR REEH, 4 UF, M UB, TEIR AL N AR, W52
UK IO P s 2] BV Ay 7K A T B e A [ IR T
1.3 @RS KA T E e

IKSCEAF IR A E S R G IR S 2 SR T, /KA B A 45 R e 45 il 4
FRICHEMEEZE ) 1S AAPFD( Amended annual proportional flow deviation , 18 1F 4=4F-{f 22 ) Fe %0 T L RSy
PO TRE SR AL 22 B SR &K ALRES TR B A 25 R GE M RIR T | DT 2815 5K A7 RIS RGN
PR AT

AAPFD FEEU TR A RN

n 12 H—h 2 ;*
{2 [ — ”] J (i=1,2,--+,125 j=1,2,---,n) (5)

aaPFD = L Y
ooy Li=1 hl_j

AP, n RVHAREG H, NS i TAERSKAL; hy K8 ARSE i FIKAL; by A58 ARPHK AL

AAPFD {HBA , BUIA: 25 2R 562 B M MOK | 2 28 R G0 A BER I AR 2 . 2% th Ladson %5 A2 75
1995 4FEFF % 119 ISC ( Index of Stream Condition) 773, i] LU 2E AAPFD 57K SCHREGEAG R 2 iRt R, Ak
VA2 L T LU K SO B, AR 45 ST I B0, MK SR RO T 0 16F, £ 25 RGERPIR B T
DB, K SCHE RO , W12 75 B G5 IO BEIR DL A . 0K SCIRBSE T 10 B, A28 RGBS A4 T 1 4R
5, B NZEE BN IR B, T 4K SCHEESE T 0 W6 R 21 25 RS2 51 7 T2 30

F2 APPFD 5KkXIEHXF
Table 2 Relationship between AAPFD and hydrological index

APPFD 7]()‘(?5’5.'5( . APPFD 71()‘(%& . APPFD 7J()U;ﬁﬁ_( .
hydrological index Hydrological index Hydrological index
<0.1 10 0.1—0.2 9 0.2—0.3 8.0
0.3—0.5 7 0.5—1.0 6 1.0—1.5 5.0
1.5—2.0 4 2.0—3.0 3 3.0—4.0 2.0
4.0—5.0 1 >5 0

2 HRRER

FIETEHIANAEIL B, ZR 28 115°38'—116°07", Ab4F 38°43'—39°02 ", S i i X e KA R AR IR K YA , AR 2k
BBV AT KHERE R ZE DN RE . [RIEGHIRFY/NUR  EIR AR DL ZE 57 SR L TR A S AR A
AT BV, (EE AR R B o320 3 X T AR P DR 82 J LA RN T BRI, 3 R A K A K BRI o
FREE TR, FECT — RPN A AR IR, X DS ) P P A JR s 1 1 AR B

FPERE I TP I B P RO BA , AR & ZAEPRRIRE ST . IERAR KA 7.3—8.5 m, BOHTIEK
174 6.5 m, MIENKALN 10.5 m B, JERIZEKEE K 10.38x10° m*, KB 366. 66 km 5 24 3E P /KA
8.8 m I, TEME KRR 4. 7x10° m® KRBT 302. 82 km® s 4IEAN/KALA 6.5 m i, 3E P9 & 7K S AL
4 0.45x10%m® KA ARALA 72. 04 km?® AR (R T /KRR A T [ KRR 24 BT 52 e ) BERE , 1P E K A3z Al
KA C R ANIE 2 PR
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1 B B A A T K BT RN F

() B AR AR A P B B RS 7Y 7 R A1, 5
N S5.2—6.5 m,F 5.5 m, HBKNMIET 6.5 m( K
TR, TR iR IR TV L. B P
TR A i 8 sl Rl P 2 4K A R A
H K B A, AR ARG X7 A2 5 2
i JEL M SR AR IR A A K 2 1, R AR KA
6.5 m, il FEHE R ER %K EERTTH °I | | | |
R K TR 0.7 m B EITET A T B 5 e 6 7 e O H
M T B AR A A5 KA K 6.2 my, 1% 25 S [ A K 30
(9 B AEATRAE 0. 5—1 m 2], Hofb Ak 2 i — i & B2 R REAR
7{ 1—5 m 7J( {7]& E/‘J?E lﬂz lj‘] ) % /ﬁ\ %é [‘E‘i @ % E"J %%?E JJ( :zj.Bziyai{ge(l::::n‘il:zazztween water level and water amount in
ERIIAE K RS TR K B B R, MK ik T 6.5 m
DL IR 11926 0 A 75 28 5 9 245 g 5 D ol 22 3 B
BeWR . ABFS0H 6.5 m MR AR AE 2K BL, 2R IR L b RESSAREA BT 5 % | 9 B 11 PE TR AE B 4
i N A 250 S TR

(2) BFETE BT AE AR AR 12 B R AL K T TR G 2R (P13 ), 4 Hh K T R AR B K (372 A A5 A
(PR 4) . P A% i 2 AT K T G AR A SR R A B K A2 4 7.5 m BT 8.3 m, 33 P 7K A 1 7 B
b K T TR RRAR A ) SRR A7, [RIBFSET T 1950—2009 4F Z TR ET (6—9 A ) (AR (10—5 H ) Ik e A X
[ g 1Y B UCRCORIATR , 75 1 A SR TR0 A TR0 BILAFT 8 25 M K i 45 B (3 3) o TT AR H RO s BIUAF % B
B KO 8—9 m, FLHUBRUCECA 19 W0, R 7—8 m, BB 17 U5 JETR T B2 85 25 K A7 [
BER 8—9 m, Y BLUCECH 21 Y, HR: 6—7 m, HBIECH 15 W, (B2 AR 25 R G0 T 4 F i 1) B3 ¢ 5
(g 7K A3 P o7 1 A 745 2 495 1 4 g R D) B SRR PR K S K B RS F A M3l BT, PR A4 2 JE I SE 7.5 m
TR P A TR A 25K A, 8. 3 m AR TR A 25K, B W A 25K %, I LARIR AE 25K 5 %6
LR s 7 A R

=
o
1

©
T

Water amount/103m3

350
30+
el = 5L
o 250 3
§ 8 200
T
% 200 g 151
= k]
150 ° 10l
®
100 r qg) 5|
<
()
50 oL
é 7 é é 16 ﬁ 6 7 8 9 10 1
Water level/m Water level/m
B3 BEFRKI-AkEERXR 4 AERKI-KEERTUERXR
Fig.3 Relationship between water level and water area in the Fig. 4 Relationship between water level and change ratio of
Baiyangdian Wetland water area in the Baiyangdian Wetland
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x3 AFEIEKEISERERITE
Table 3 The water level distribution frequency of Baiyangdian between 1950 and 2009

e K JIH Flood season LTI Non-flood season

Number Water level intervals LA W/ % LA W/ %
Occurrence times Frequency Occurrence times Frequency

1 5—6 7 11.67 5 8.33

2 6—7 11 18.33 15 25.00

3 7—8 17 28.33 13 21.67

4 8—9 19 31.67 21 35.00

5 9—10 5 8.33 6 10. 00

6 10—11 1 1.67 0 0.00

7 11—12 0 0.00 0 0.00
A1t Total 60 100. 00 60 100. 00

(3) WRE ASRKALIRZS B M=K B:X FIPETE 1950—2000 4E4E -84 K A0 AT 2828 307, 16 95% 1Y B4
IKFET U g5 =1.96 ,M-K IR R NE 5 s, 7TLUE TR 1953—1961 4EZ 18] 0<UF, <1. 96, FHVETE R
IKALEMAR I K e BRXMEFIEA R E . A 1961 FZEKA—HZE TREH (UF,<0) , M H7E
1967 4EZ )5 UF, it -1.96 i Ft4k , R Rt . UF, A1 UB, ZTE 1960 4FF1 1968 4FE M AHZE , {H X
A 1960 4F A8 mifii T +1.96 I F2Z 0], KM FATHE 1960 F8 2 hy FIFETE K AL & Az 528 Y FF IR If ]

X Mras R B AT 20 {40 50 10K 60 4F 3
AT A T R TE LUK R TR A2 3 R K 2l
X U A TE KR SERK A=A T BRI, 7E 1l
KR T AR R ALK 7 JE, shRLK 2 9 e, /N
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R4 BEEKMFRKAMAKE AAPFD IEHIFM &R

Table 4 Water level in different Scenarios and assessment results based on AAPFD

VEE VES! Tig2 T3 EL. TES T 6 E

Mnoth Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7
1 10.50 9.75 9.00 8.25 7.50 7.13 6.75
2 10.50 9.75 9.00 8.25 7.50 7.13 6.75
3 10.50 9.75 9.00 8.25 7.50 7.13 6.75
4 10.50 9.75 9.00 8.25 7.50 7.13 6.75
5 10.50 9.75 9.00 8.25 7.50 7.13 6.75
6 11.62 10.79 9.96 9.13 8.30 7.89 7.47
7 11.62 10.79 9.96 9.13 8.30 7.89 7.47
8 11.62 10.79 9.96 9.13 8.30 7.89 7.47
9 11.62 10.79 9.96 9.13 8.30 7.89 7.47
10 10.50 9.75 9.00 8.25 7.50 7.13 6.75
11 10.50 9.75 9.00 8.25 7.50 7.13 6.75
12 10.50 9.75 9.00 8.25 7.50 7.13 6.75

APPFD 0.81 0.54 0.34 0.30 0.51 0.64 0.79

S ECE 6 6 7 8 6 6 6

AR 2R B T S K A0 R R R S AR AN TR] , TR KA K AT TRk A K S 2R R, DR BT s 2
MRS TE AR, A SCHRE 1971—1972 BEAKA /KA S0 BERE 20 XK B2 A T HE A AR 34, K25 H K
TR A B TR T T3 R AR A KR T A R NR 5 s

®5 BFRESEKE

Table 5 Ecological water demand of the Baiyangdian Wetland

A=K/ m AT K E/108m?

A Ecological water level AR TRIE/ mm Ecological water demand

Month R Lowest SEEL Appropriate Loss depth /) Minimum SEEL Appropriate
1 6.50 7.51—9.60 85.40 0.06 0.16—0.26
2 6.50 7.51—9.60 36.30 0.03 0.06—0. 11
3 6.50 7.51—9.60 35.20 0.03 0.06—0. 11
4 6.50 7.51—9.60 16.70 0.01 0.03—0.05
5 6.50 7.51—9.60 75.50 0.06 0.14—0.23
6 6.50 8.31—10.62 82.00 0.06 0. 18—0. 66
7 6.50 8.31—10.62 221.10 0.14 0.47 —1.05
8 6.50 8.31—10.62 250.30 0.15 0.53—1.189
9 6.50 8.31—10.62 318.90 0.18 0.67—1.51
10 6.50 7.51—9.60 83.90 0.06 0.16—0.28
1 6.50 7.51—9.60 150. 00 0.10 0.28—0.45
12 6.50 7.51—9.60 196.30 0.12 0.37—0. 59

A3 Total 1551.6 1.00 3.10—6.47
4 #ig

LR B T B A S TORMO A I HGR R P AU BRI B =, 7K 30275 1 LA LT B8 50 47, 0o Bcdli SR AR Y
R RATIRBY T IZ I, ABRAR G K SO 05 08 W B 2 B/ ME S TR K RO AE AT K B 25— g 5
X TE] 6 7R SCAR AR I (R A 2 B 22 S kB o 9 ELER T A0 AR 25 R G0 AR (R P2 1) 38, (ol LM LA R
TiEAE S RGO 5K IR AL Z A AHSE G R o ASSCHR Y A 5 T AR 25 R SIS A BE V0 A2 Ml A 25
it AR T DA A 25 12 55 S AR il K T T RR 4 8 IAR S kS K A7 R s T AR A R
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