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Influence of Xiaolangdi Reservoir on ecological condition of the Lower Yellow River / SHANG Wenxiu, PENG
Shaoming, WANG Yu, YAN Dengming, ZHENG Xiaokang, FANG Hongbin ( Yellow River Engineering Consulting Co. ,
Lid. , Zhengzhou 450003, China)

Abstract: This paper proposes a method to quantify the influence and contribution rate of the Xiaolangdi Reservoir on
runoff accurately. The influence of the reservoir on runoff can be quantified by comparing the runoff under the scenarios
with and without the reservoir. By comparing the runoff influenced by the reservoir and the measured runoff, the
contribution rate of the reservoir can be quantified. Results show that during 2000—2019, the Xiaolangdi Reservoir
decreased the duration of flow cutoff events in the Lijin Section by 81. 15d annually; decreased the annual substandard days
of ecological baseflow, minimum ecological flow in the critical period, and suitable ecological flow in the critical period in
the Lijin Section by 75.25d, 31.35d, and 27. 10d, respectively; and increased the water into the sea in the critical period
by 2. 371 billion m* annually. Compared with the runoff in 1980—1999, the annual natural runoff of the Yellow River and
the annual measured runoff in the Sanmenxia Section in 2000—2019 decreased by 10.59% and 22.15% , respectively,
whereas the water consumption in the lower reaches increased, leading to difficulties in guaranteeing the ecological flow.
The Xiaolangdi Reservoir has eliminated these adverse impacts and improved the condition of runoff and riverine ecosystem.
The contribution rates of the Xiaolangdi Reservoir on flow cutoff prevention in the Lijin Section, ecological baseflow
protection in the Lijin Section, and increase of water into the sea in critical periods are 187.85% , 137.32% , and
125.83% , respectively.
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[FEEViES TR T B (s
WL A/MRIEAKRARAL  2000—2019 4 SE H &3
2 JNRBKFIARA  2000—2019 4F Ll AR

WIS AR TR TR bR A
Fy=Afiifaasafaal (1)
Fs = {fs.l’ 5,2’...’.](‘5,71} (2>

K Fy Fg S0 1 5 1 RIS 56 2 %L /MRS
IKFIRXA T e AR I RS R IR 5 f S o0 B R 1
Sl AMESR 2 B MRIIRESTER, i =1,2, - 0,
INRIEK R AR AR i it B 5200 E 3Ry
E = {e ey, e} (3)
;H\:tF' €; :f\,i _fS,i
e, /MR K RIS 56 @ R TR S TR AR
o)A
T 5 2 5 B0 /INIR IS K RIRX AL % 94 28 1 Tt A T
R AR A KRB AT IE 5 T R KRR A
FEAR AR T MR L ZOK I & iR ik o,
AR AR TS I 1 0K IR E AR I Y
LSR5 7% SEK 2R 2 PEA W T DX [R] Aok K BUK 5
RBIRR A2 T/ MR KA AL 57T i
it A
QS,L = Q],t—ll + QB,HZ - QW.H3 - QL (4)
X Qs A /MBI K AR A1z 47 19 1 00 T 2F
W BTIE S ¢ KA TFI TR, m*/s50,,_, H/NRIEK
FURRALSE 1 — 1, T OS2 AP /53 Qs
50—, RAYXFERAK G A, m™/s; 0y, NH 1 -1,
KA TABUK i, m*/s5 Q) Ky X ] H B 2% % 15
PR, /s 30, 1y o5 530/ FIRR AL 32
- 161 -



DAL 5 R ERCK i 380 T A7 DRI T 19 7K 3 1% 4 1)
], d,
L3 KERMEEESTHE
et st 1 5 1980—1999 AR5 H 4283t i e X
L, A58 22 P 3R S e T AR Ui O R R A i S B AR Ak
1980—1999 4E5 H AR RS FeIn e Fo Rk A
Fc = {fc.l’ c,zs"',fc.n,; (5>
X £ o 1980—1999 4E57 @ MRS bR, i =
1 ’2 IEETIN
FHXT T 1980—1999 4F, 2000—2019 4 43 i 4k
SRR AR V RIR N
V= {”1’”2,""”,1} (6)
,ﬁ\:qj U; :fA,i _fC,i
v, y 2000—2019 AR5 @ A HUIR S8 b5 (HAH
XF T 1980—1999 4R IR TR FRAME Y 1K
AR K FIAR A 38 47 07 AR S HE AR A2 4k V
TR P Rl
P = ip,py,epal (7)

e.

Hrp pi:;

v;
K p, AR KRR S @ MR RS ARE
A v, I TTRRR
1.4 $EREHIEKRE

TEFEITIR R 2, I KB A S B AN ik 5 K
B OCH e/ NV AT AN IR bR R AR OGS B A
AV AN RS RECHOCEE A K AR AR RS
FEPR WK FER RSS2 . P S BT Ui A
7i,1980—1999 4EFHEWT I A 16 AEWT 7, 1997 4F Wt
TRECC A 202 d, AE S W 43. 20 A Wt 45 1) 3
AT BT E IR, R R T AN T U AR T AR A
PRAPA BT 55 o T I a2 VRT3 T T A
T AT U 2 il & A T SR S AR R PR
N 2TRBETSE . AR N A I SR A S R
BEUIREATES T LR B i I R i £ 3k v 1) e /)
o E KK TFASERSAKES RS ER™
IR, A2 25 5 i PR Uk 2 5 E A /N T 90%
4—6 F JE T8 N Y RN B ] 3T VA VA du £ 2 A (1)
I, PR B X — B BE 9 A A O B A K i
WE, BB R ARSI SR SR A
] 55 B 1t 52 S it g 3 Il 9 Bk 2 S B 4] (2012—
2030 4 ) ) FACR A A S it 1) € 57— 2 S T3 AR
AmmOE R R17) ) (F2).

TEFE =R T DRI EE T T A A AR Ak . R
TR e I DA S W3 T SO s - ] Rl N3
i ) e K A T THT , 8 08 o L S it ¢ A A 1) 428 D A2 Ak
FUA K A8 Ak 5 v A T T I 0 /DN YR I 7K R X 4

- 162 -

K2 SHEEMMEHEBFTERE Bfi.m’/s
Table 2 Characteristic flows in Gaocun

Section and Lijin Section unit; m3/s

ES oSl
Wi U SRR -
AN @EE N EH
=R 120 150
Fil 30 50 75 120 150 250

NI TR R B2 B, BERE S BRAR IR T R A2 AL /MR
JEEK JZE AP J2E W T e A B T S T S H
PR AR R B BT KR Z2 5y 22 K SCRAH SR 3Ll 51
T , ARG S AR 0 B oK BT IR A B T
DX IO K AN 28 28 T K s o

2 HRESH

2.1 FRERLER

JINTR RS ZK AR AL A3 1] 3 W R B A8 B e A A
S 52 , A EE T TE 2000—2019 AF 52 I 4F 1 4% I i
168.93 {2 m’ , i JFAE A2 B 169. 05 {2 m® 15 5 2
BB B BE R U EOK S48 22 , PRI I AR A DR T 3 D A8
T TR . /NRIRK R A A T8 4 4F
PAT KPR AR T A AR PR AR A N, E AR
TR AE N A o ZNRJES K RIAR 9 3 AE FH X
e s BRI TET R0 R e D T A PN A A 3 R D e e —
e, AA LW I Sk 491, 2000—2019 48 e 1 4—7
A B ¥ S e S Tl R E, 8—11 A H 3
it SBT3 I, A R AT S 12—3 ARy ¥
AR (E 2)

51 2
40
]
- 30 R/
5 ‘..‘!‘u/
= /o
1 20 Prog Tegoa\
10 b o n / EE
Ei”*ﬁ’g:’:«,{.:g__ie/_,u
0

| 2345678091000
JERV
E2 2000—2019 E£FEHELNSERAMERE
Fig.2 Measured and restored average monthly
runoff in Lijin Section in 2000—2019

2.2 FTETREI RN

FERE 1 H,2000—2019 AFHRFEER WL , 5 2
MW REANE 3 s, 16 5 2 1, R A 45
755 :2000—2019 45 i A% B 18 4F 4 W gt 10. 90 d, 4F
AW I KA 50 d s F1) LT T AR 4 Wi 81. 15 d, 4F
KBRS 176 d,

17550 1 A 5 2 W7 T R B &1 4 fngk 3
Fimne 5 1 B/ NRIKKFRKALE T 0



o TR e

200
- 150 | /dﬂ
5 )
ﬁé 100 T ‘/ﬂ‘h \BAE/PQ\
E: 50 k- &‘/Q\H'P\ﬂmﬁd ELE
q
0 ! )
2000 2005 2010 2015 2020
oy
B3 fE=2HEiRRXE

Fig.3 Days of zero-flow under scenario 2
WA PUEAR DL A LE (A 2004 45 UK s W i Al
HIEEB I ARBA P AR BUE G DL . 1 5 2 #LaU4s
HR /IR, 2000—2019 A Ry Ak Wi i A1 T T 1 4 4 48
o3k M TV A B0, JFG R i R T T A 2 T R R
26. 70 d, fe R FUEREL 71 d; BT AT 2 B R
91. 60 d, fe K FUE KA 195 o /MR K FIAX A 42y
/D e AT DRI T 0 SR K 25. 00 dl, Il A A DB T
KEL 86.25d,
vvvvv o TERI B —e— ik 52

a0 o ML —e— i
/

s R A
S

O‘l'“’" 00885808 o oo B8
2000 2005 2010 2015 2020
oS

E4 FAHERTHEREXRY

Fig.4 Days of warning under two scenarios
2.3 XEFERIRM

T3 1 AN 5% 2 B A A BE AN IR bR RN 141 5
K3 PR, fH5 1 H,2000—2019 48 5 A W i A1
e W T A A Rk DR IE 3R 43 00 S 98.63% I
94.16% ,2004 4F- LUARAR A A K T A2 25 3 3 A 1
KA. e 5 2, 2000—2019 4F i 45 I8 T AF X
34.00 d i /N T A R, AR A R IR IR R
90. 68% ; A HWT I 4E 1 96. 55 d iy /N T A 25
HE S EE VAR AT 73. 55% , i A% T A= A 50 H
PRAUESR o /INRURE K MR 20 A7 2498/ e Ao W i A 20

AN IER 29..00 d ol A ] HE W i 28 25 AN 15 A
75.25d.

P T S g
g5 . o Pl —e— Rl

200
by
S50y
i
K00}
by
% 0 0000000
2000 2005 2010 2015 2020
oS

ES5 WHESTHEESERTIERRE
Fig.5 Substandard days of ecological baseflow

under two scenarios

2.4 XXBRETF KBTI

TR T RIS 2 1S SR A A i AN IR K AL
ik 6 M3 o, M3 1 H,2000—2019 45 H) H
T 1 S BRI i /A BRI IR AR KN 1A 24 20 d, FRAIE
FRT3. 41 %  1& HAE S AR AN IA R 34. 50 d, fRIE
F62.09% . Tt 2 BPER B, A /MRIEK
VA L1 K-S BOC BT AR 28 U AN TR B ) R B i ™
H,2000—2019 45 A A1 5% B ) i/ A 25 0 e B
INEZS ARSI ANIEER 55. 55 d, (RUEHRAL 38. 96% ;
AR A R AR B A Ik R 61,60 d, fRHIE R AL
32.31% o /INTRJFR 7K R HX 20 4 42 9 2 1) T DR 1 K
W/ MES TR AN ISR 31. 35 d, 9/ SIS F 2R
S EALR 27.10d,

- i
100 -

s 72

by ! R \
g 60 i\ / "a /a
J“Ié 8
£ 5 W i
> 1 Q K F
< 20 { I wa [
E 0 Y L ;o3
#2000 2005 2010 2015 2020
= £

Eo6 WiER TFIEHEXBHS/NESRERERKE
Fig.6 Substandard days of minimum ecological flow

in critical period in Lijin Section under two scenarios

®3 TRBERTEMNMMEREERRSEREREZLER

Table 3 Values and variations of ecological indices in Gaocun and Lijin sections under different scenarios
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