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Abstract

With the increasing influence of anthropogenic factors on river runoff in recent years, it is particularly
important to study the ecological water demand of rivers. To study the ecological water demand in the
middle and lower Han River, the hydrological data from 1974 to 2022 at Huangjiagang, Huangzhuang
and Xiantao stations were collected. The Tennant method, flow duration curve method and the monthly
minimum ecological runoff method were used to calculate the minimum ecological water demand, and
the suitable ecological water demand was obtained according to the guarantee rate of 40% in the wet
season, 70% in the dry season, and 50% in the normal season. The results show that from the ecological
water demand of Huangzhuang station is the largest, the annual minimum ecological water demand is
19.865 billion m3, and the annual suitable ecological water demand is 36.404 billion m3. At the same time,
the ecological water demand satisfaction decreases from upstream to downstream, and the minimum
ecological water demand of the three hydrological stations in the wet season is much larger than that in
the dry season. The study of ecological water demand and guarantee rate in the middle and lower Han
River can provide some reference for the subsequent ecological protection and water resources alloca-
tion.
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1. 5|15

DULHISAEAERS . vt eSS s mamdb 2 A mZOA, MPUTASTKELATI, K
BRIER AN BC AR BA S e AR R /K AT rh 4 TR A /KU AN PO oK BT DT A M H R0 TR,
YL UK FER A R R B MM . ARYE TR, FHT K ESHEBILRIRG 20% M0, Mo T
R 1]. ZERRITHI R GERIE S AR E P b S0 FERK R, Bl NS TRKE, Hg/b BB A4S &
GLIZNATHTRIEH Dhae, i i &2 57 A1 AL S A BT U R A e AR iR Im R I 2] [3]

AR, ENAMIEFEN BRI 2 R 3 S E A S TR K R . ARIEAFRIBT A, £ERVEENA 200
RMITEAT AT HEAESTKEM4]. BEAKE. KIEE. MBI RBR S E, UAE BIRTTE
St 5 WK SCEMI O BB R IR . Horp, RPN RE AL AT AR A 5] B R ik
i B2 AR L KB IANEIAR, XS5 R AN MK . WS SR80 R K HAR R R Aen, e+
WSS R T AESTKE, SRMTE P EERr SESRA MR T[6]; LXK IERERED
TIKSCEARK TP R S5 R8T /K AW A i e 395 AEI2295 7 B PR 2 288 s AR T 3 B 32 A7
XHHRORESREG S, I /5 EAS B R BOCH IR Bl 1280 AR AE — € BENLPE RN AN E VE 7], KOGk
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CIKSCHRFR R, RAE ORI — P53, HARIERIR AT AR EAR[8]. Bk, ARSCRAIKCE
BEATESR, Pt B R P K SOt ST Bk

2. HASXIEHEER

PUTHIR(106°12'~114°35E, 30°06'~34°23'N)f, T3 E H B HL X, SRV Al i K IS0, 8 B 3k i AR
159,000 km®, s 758 H A 3L 20 ME9]. fENBILE EESENEERE R, DITH NIFRA T
DUTAEZRS 0 I BB G s 10 LA Z b X A T sl sk (1 7K YR, B A2 4075 B o P E K KA [10]. FHT
R e, WARE, Wik, K2 270 km; BPEFEEDA TN, K2 382 km, MATLICTE, TRIEB
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Figure 1. Watershed map of the middle and lower reaches of Han River
L IR TR

FAZKAL Y AP G TR DU PHT CUKPE SR, AR EKE 130 12 m, A T AMADUT 4R LR W B R Fg 7K b
WP TR S UK TR KR, ISR B AR B, (K. BESHAKEMN, 1EARETRM LN
PR [A) 0 St o FILGE I AR TR X 2 B AT e I 5EIRT B 5| /K S LT v A R DUL S BE B, BRI
AT TP 2R T B AR M XA B, T 2014 4 9 HIEATFIRBUK[11]. BULH RS, mise s, Hrp
TSROSO T 1953 4F 8 ), fePHL UK J H B2ty 2 DOV AT PR 11 B F K AR ol K o S iR
PRI TR 95,217 ki’ FBEHRSS T PHT LK PE VAL S DU R WEBT SR 12], DT FiAG 5 HEK SO
LB A 7 Sk S8 P P W 3 5341 DA R il mURFAIE I I 1 AR 1
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Table 1. Information of main hydrological stations in the middle and lower reaches of Han River

FLONIFTHERALHRER

i % PR B PR MK /km 2K TR /km® BG4 181 H BERMERR
B 6 95,217 1953 4 1974 4 1 H~2022 5 12 H

SIE 241 142,000 1932 4 1974 4£ 1 H~2022 £ 12 H

Bk 493 144,684 1932 4= 1974 41 A~2022 £ 12 A

3. WHEE

3.1. Tennant 3%

Tennant V5K I € 10 2 55T B RO B 2 BOTHE SRR, CRERTR 70 8 DML 1R 10% 9T 243
B YERFR 2 HUKE M INEEAELE S 30%~60% 19T 330 & T i /2 K AR A& B AE BT 75K, 60%~100% (1144
TR AT YRR KA RAFAE ST SR AF[13]. HA A 0:

W:iQiXZi O]

X wONIEAESTKE, m’s O N —ENE i MHZEFHRE, m's; Z RS i AN A IR E
tk, BIZEFHRERA S, %.

PN 4~9 A LKA 10 B 2 REE 3 A Kb ARSI R 0 8 4
S, WAk 2.

Table 2. Standards of river flow conditions

=2 ARRERARER

PR =N B Wl 1RUT o —EkE Emimh RE
4 A~9 A 200 60~100 60 50 40 30 10 0~10

HEFER & B 4 L (%)
10 A~3 A 200 60~100 40 30 20 10 10 0~10

32. RARIMNERERZE

HENESERETR R R K AR E R, S e pfRESdE N 1 A% 12 A58 12 41, F40
BAMESGENRZA B ECNESFKE, KPP 1 250k i e R F K RE[14] . 1205 E TR A A K
B AR L ANE & PR 1B L.

3.3. REHAAHZE

WOTIRESAE R/ 30 S SH R B L ARSI RIS A iR R AT IR b, B A%
— MR, B RADNESTKEN 90%IRIER HRUE[15]. 1277757 R AR bR S N A 21

34. EEESERITE

& H AR A AR FR S A GERRIR A S RGAR 8 S ARFEYIFD 2 BV &0 IR R [ 16 ] DULFIAURAR IR
B, BRI TR, R IR K 40%. KK 70%. PO S0%MIRIESR, XL AR R iEE B A SER
BT ARMEIER RSN, B 7~9 H =K, 11 B~RE 3 A AR KI, 4~6 AR 10 H Pk,

FE— ZR VAT AT B AR 2 I S A4S T 1 S PR K T AE S TR RE NP E S B Py teE, |’
NHEABTARLRUEZE[17]o 2 S0l A & K T NS RKE T E R E.
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B, =D, /D =Y sen(0y -0;)/D 2)

1 Qijk 2 Qj
sgn(Q,-j _Qf ) = {0 Ql-,-k < Qi

K BONE i 4F ) ARIRAESTRRIER, % D, A i ) HESTHKHLCRE: DRNE i F ARER
B O NE T EEER RS K BRSO, NH i 5 j AAESTHKE.

4. HHERR S
4.1. EERKRHNZESH

FIF Tennant VETFE M. B k= NMAKCCHEAESTKE, SRWNE 3 Fion. DUTAHLIO R
B WK Ol P& B AR S T KN 98.58 12 mP~197.05 12 m?, H/MEBT/KEN 32.92 12 m*; B KT
s B A S FKEA 13038 12 m*~260.61 12 m®, H/NVEST/KEAN 38.62 12 m®s AlBk /K STk BUmdE B AE ST K
BN 111.89 12 m*~223.78 12 m*, H/INESTEKEN 372412 m’. 4~9 ARG ETH 10~K4E 3 7, [FINBNEE
FUER R, FRAIGK, R E KRN, AEALBE K ST, S A2 AT b B SRS K Sl K.

ERFTRAEREEAIML, BHAESTKEKR, HEMESTIKE/N, BT g 5 s NS
TKE LA Ay PRI E (RIFZ & B AR SRR 4. A RIS R 2 BV, & H AR RKIRIIE
BB, 2SS R EAGE T R KAL 2R 51 K TAR RSt S8 1 ST R FH /K 75 SR B CRIE 22 A 2 5 T
B, 1T 51 VLH D AR N B 2 4R DU YRR K 75 SR (0 /2 FREE, I SR B R [ AR A8 R 18]

Table 3. Ecological water requirement calculated by Tennant method
Fz 3. Tennant EITHEMNESTFKE

w4 B TN 74 ety R F —EE EudEh ez
s 49 H 396.66 119.00~198.33 119 99.19 79.32 59.53 19.87 0~19.87
A 10~K4E 3 H 260.17 78.05~130.09 52.01 39.05 26 13.05 13.05 0~13.05
a 49 H 543.49 163.05~271.75 163.05 13591  108.7 81.56 27.22 0~27.22
10~ 3 H 325.2 97.56~162.60 65.06 48.82 32.49 16.24 16.24 0~16.24
\ 49 H 448.28 134.48~224.14 13448  112.06  89.68 67.22 22.38 0~22.38
fvpk 10~%4 3 H 297.68 89.30~148.84 59.53 44.67 29.81 14.86 14.86 0~14.86

Table 4. The ecological water demand guarantee rate of each hydrological station

T 4. BIKCHESTRERIER

N ERTKE & HAESTKE
5%, LESEBRRAL M e — K& : e e K
TEZER/AL m W2 % TR ER/A m FRAER /%
KR 328.44 143.31 100 273.90 61.70
HIE 434.34 198.65 100 364.04 65.96
Ak 372.98 180.25 97.87 312.01 74.42

4.2. KBIRESTEKSTEE 2

2014 FERF KA LIFIHEIT, AR 1974 F~2022 5 =AN7K 3k B S EdE 43 1974 £~2014 FEF1 2015
H~2022 FEFAEE, SHEKRTE KNS T KT M. BRIEZK S I 8] 75808, ASRETH &2 I & g I
i 2R3 (K I 1) B K P TSR, 2R 5 58, 1 4% Tennant 132 B i/ NESEIRE R EMENE N MEB TFKE.
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WAL 4 A 2 g R EIR, W ZBuh BBk, KA S E R/ INES TR TR HEIC, 2E
BRI R/ NE S TR BN, /KT /NS TR ERIMEA 11.54 2 m’, KE 3RS T K ERIE
1352 40 m’s BEGEE A R /ANER KRN, WKET BN ES KRR AE N 848 12 m’, AKIEH
/R TR ERKAEA 8.95 12 m’.
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Figure 2. The minimum ecological water demand filling map of each hydrological station before and after water diversion

2. BRI EKEIE RN ESTEKETE

ZANIKILEE 1974~2014 B B 1R/ INERS TR K S35/ T 2015~2022 BB, 7 s /KAG TR H 22 5 K TREXUT
H R AR AR E RO o R SRt A 2 sl YK AT 5 B /NS T K iR SR AE 7 AT 8 H, Alibkastiif 7K
Ja i/ NERTKEMRAEBIIET 6 H. BN L 2k 9 A4k, HR A RKE R NMEST KR KT
AKHT, AWBkSEE 7~9 AT SNESTRKER T KNG AR F/K I NMER TR KB K TRk,

4.3. SAIRESRGRBERTFN

%5 RN B/INESBEREIN G R, THES R EESH S i/ NESTFAKESR, EaEE AR
METENRRAZ . RIE Tennant TN H, TEIR/KAT, Z/KMFERNESTIKIEARN “B/N” , DIKE
B/NERFT KRR “4r” BE “IREE” . AKIE, 2K S RIEARN “ BN 80—, DskER “i”
B “IRIF” o KGR 45 R T RKET, RRE R RN R 51T TR, K G LK E B E
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4, HEFEFPIERE, SEEERMA, PR EER AT -
ARSI AKHT IR NS TR 25 REEAR Z K “ B/ KbaKkE “of” 5 7KIG Z AW PR 45 R
BB “—f”, ABkSEMEL T U, AOKIRVER AR “UFT BCCREET o BMREE, AUBRSSVR SSRGS -

Table 5. The minimum ecological runoff evaluation results of each hydrological station

5. BKHRNESERITFNER

e/ NESRI S R 2 43 LB % Tennant VEPFEAN &5 5
ER7 1974~2014 2015~2022 1974~2014 2015~2022

W R bk sz B2E Abk e B2E bk mZE 2E Ak
1 2128 2699 2828 2776 3421  35.89 It It It LS8 1RLF R4
2 21.86 228 2447 3638 3858 3852 It I if 1RLF R4 R4
3 22,53 2098  23.67 32.86 3726 3825 It It It 1R1F R4 R4
4 2697 2046 2253 3391 3556 4119 &b b B/ —f K 33
5 23.07 1771 1937  30.82 3233 3863 I N AN B B
6 23.13 2531 222 2813 2871 41.6 e/ &/ %N =N R/ F
7 1872 1435 2496  21.72 1793 23.2 B/ &/ IS RN R/ R/
8 2011 17.85 2351 2007 2091 21.5 wAN RN RN D i/ i/
9 1798  17.94 2153 16.7 1577 1888 &/ wN O BN BN i/ i/
10 2186  21.03 2216 2216 2254  24.08 1 1t IF i i iy
11 2826 2929  30.82 3142 3301  37.24 i< Iy 1R47 R4 IRUF IRUF
12 2697  29.02 324 28.1 33.82  33.44 It Iy RUF I 1REF 1REF

5. 4ig

W FRRA Tennant v, 3B i/ NVESATIE T E FII th &b 0 B0 B APk =7k i) 4
BHRAKTESNr, EEMSERERK, ESTKERK. MEFKIBHRIBkE:, KRS FERDNESTKE
S E RS, EEWNERNESTKERK, EXBRERNESTIKERDN. AN EHFRTFHFAESTK
PRUEZRZE W T 5, 23 7 FE7KACTA 51K TR SIVLE N AR RS20, 87K G 3K B s/ NS T K& R T Hi7K .

DRI 7K BB I 18] 7 F1 0, K S BT A R S5 K RV BUA 25 R S AFAE— 7€ %2 7 Tennant 35 PL% H &
()[R SH B R AR A TR O, AT DA S RAN A Bl s o AR 45 R 1 2 . 3B H S/ NME SRR R4
BT Tennant 751K .

T EAE N R R AT AR S SR Iz K, XA T KT I M v g — D R A SIS L. A E
B B POT A PR AR S TR L RUE R TE, AT SRS IRY KRt — e 2%,

EE&ME
[ [ AR FL 2 62(51509273); IR B3 Fh S B B AR 25 20 2 W8 4 R BA(CZ Y 20032).
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