544 B 4 ) oK R 3 i Vol.44, No.4

2024 4 8 H

Bulletin of Soil and Water Conservation Aug., 2024

E?&"?&kiﬁﬁﬁﬂﬂ'ﬁfﬁﬁﬁnﬂ
XA RESEKAR

ERA, R R, F A, KK, TR, FRA

(LR Tk SChO . IR BFE 2500005 2. 10K R K KR AR TRFER, WA 229 271018; 3.LEKEA KO,
WA BE 2500005 4. 10K RN KA RIS BE . A F2% 2710185 5. IR R K2 WIRSHEE¥BE . LA R|E 271018)

OE: LA JFRIE TS K S SRR LR 48 35 7 1T R 50 LU DX 30 A 25 T K BIF 5T, R XK g TR
A BRMAEZS OB, 0 R B T O AR S DR A B R O T R R R B AR . (O k] U gk
19792021 4= 1 i B i B 0 LU XA B L sl G DR V03T ) AR REM B L 3l (6 AR 9T ) 119 48 i 2t 0 O R AR
FE -7, Mann-Kendall(M-KO K 30 325 . ¥ 3l T K 36072, 0L SR B 480k 22 Fh B8 11 43 0T Jr o 40 A7 438 T 28 745 43
254 THA-RVA 35 WF 75 55 ma w5 LU DX 0] 3 4% 0 28 52 e AF A AR 25 75 7K 5 3 3 20 B T 3 A 25 7 A 2 B L iiF
G DI A 5K SO A A5 T K AE S SRS PR 2L B R R R AR L X A S K AR R . (255 bR
T VAT AT AR U o 58 AR AR 1996 4 R AR SCRRIE BE 43 Dl 72.75 00 F 69.42 0, 34 I8 v BE AR s JE R
YOI E AR AR AR AR KA B 1.47X10°,1.81 X 10° m®, Sk b, db Iy ial H AR 25 75 K il B S 1
32.35% » B H A BT AKWE R B30 60.42% . (4518 ] U rd ma 8 L0 X 7E 98 48 BT J5 7K SCAE e ok, ik
W8y A 28 T K 2 A O AR T AT S A R R R B e K B IR A803R  TET N SRR R 9E AE AT K AR
KBE: FEEHILX; IHA-RVA I ABKCESE; ARTK; B

EKARIRAD: A X EHS: 1000-288X(2024)04-0371-12 FESES: TV213.4

XENS L U, Bk, BPF, T A AROK SO SRR B B e R A LU DO O AR S T K ST ) K 4R
FFM AR . 2024 ,44(4) :371-382.D0OI1:10.13961/j.cnki.stbeth.20240715.001; Li Hongtao, Zhao Long, Li Dan,

et al. Ecological water demand of rivers in southern mountainous area of Jinan based on characteristics of

ecohydrological variation [J]. Bulletin of Soil and Water Conservation, 2024 ,44(4) :371-382.

Ecological Water Demand of Rivers in Southern Mountainous Area of

Jinan Based on Characteristics of Ecohydrological Variation

Li Hongtao', Zhao Long®, Li Dan®, Zhang Jianxian’, Wang Yanming', Li Chengliang’

(1.Hydrological Center of Jinan City, Jinan, Shandong 250000, China ;
2.College of Water Conservancy and Civil Engineering » Shandong Agricultural University .
Taian s Shandong 271018, China; 3.Hydrological Center of Shandong Province, Jinan, Shandong

2500005 4. Shan Dong Agriculture University Survey and Design Institute, Taian, Shandong 271018, China ;

5.Faculty of Resources and Environment , Shandong Agricultural University, Taian, Shandong 271018, China)

Abstract; [ Objective] The study of river ecological water demand in the southern mountain area of Jinan

City, Shandong Province based on ecohydrological variation characteristics was carried out to provide

theoretical

basis for regional water resources integrated management and ecological protection, strengthening

ecological protection, and promoting sustainable development of the Yellow River basin. [ Methods ] The

runoff data from Gushan station (Beidasha River) and Wohushan station ( Yufu River) in the southern
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mountainous area of Jinan, located in the lower reaches of the Yellow River, were collected for the period
1979 to 2021. The study utilized the cumulative anomaly method, Mann-Kendall (M-K) test method, sliding
T-test method, and double accumulation curve method to analyse abrupt changes in runoff. The IHA-RVA
method was additionally used to examine variations in river runoff and ecological water demand. By
comparing the rivers’ satisfaction with ecological water demand, this paper investigated key factors
influencing the regional ecohydrology and variations in ecological water demand while proposing protective
measures to ensure adequate supply within the study area. [ Results | The runoff mutation points of Beidasha
River and Yufu River were observed in 1996, and the overall hydrological alteration degrees were determined
to be 72.75% and 69.42%, respectively, indicating significant alterations in both rivers. The annual
ecological water demand of Beidasha River and Yufu River was 1.47>X10° m® and 1.81X10° m*, respectively.
Overall, the monthly ecological water demand satisfaction of the Beidasha River and Yufu River was 32.35%
and 60.42% on average, respectively. [ Conclusion| The hydrological variation in the southern mountainous
area of Jinan was found to be large before and after the mutation, and the overall satisfaction of the ecological
water demand was relatively low. The ecological water demand of rivers may be guaranteed by strengthening
the ecological regulation of rivers and improving the efficiency of water resource utilisation.

Keywords: southern mountainous area of Jinan City of Shandong Province; IHA-RVA method; eco-hydrological

variability; ecological water demand; safeguard measure
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Table 2 Results of abrupt annual discharge at Gushan and Wohushan stations
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Fig.1 Monthly median runoff of Gushan station
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Table 3  Statistical results of 33 ecological and hydrological indicators of Gushan station
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Fig.2 Process of occurrence time of annual minimum value and annual maximum value in Gushan station
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Table 4 33 ecological and hydrological indexes of Wohushan station
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90 d de/MEHZE HAL KA E A0 1,3,7 F1 30 d
e/ METE SR T 5 AR R % BT AL K Vb ) R R AT T 7E
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[ — 2 B AE 3R, P 0 5 12 d, K SCBCE BE Ry —
4096 5 2y AR U 3 A fe /N Ui Sk HE BRI TR T T 2.5 d
IKSCRR AR BE SRy — 52,00 %6 Ry v BE AR . AR i A HH B
V) 255 A B A8 88 Ay v MO 4 6 K A A W 1) G L
S, @ 4 T8 bR CF S IR B K o S )
FEIZA T bR i bk b D e EG 28 A8 BTN 1d, AR B
2.86 00, J@ TR oAz, B bk b i I B 5% 8 i 3 A0
119 d, 2728 B Sl —85.60 %6, J& T i i el A% . KK ik b ik
B As s Bama s, R h e, OF5 448 b
AR B S i 5% . 3k 4 B, LTHRE TS
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Fig.3 Monthly median runoff of hydrology
station in Wohushan station
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Fig.4 Process of occurrence time of annual minimum value and annual maximum value in Wohushan station

(3) FEAARIKSCHUAR BE . R FIMECE34 3% L 43 51l it
SELAL VDT A 1] 25 45 A 2 7K S el AR R K A K
SCERAR BE RS R R R 5. dL R4 AR bR
K SC Bk AR ) Ay R B R s EATIIA 1 RIS 2 44
R 7K SRR B Ay v BE AR L5 3 ALFNEE 5 ZH 4R AR K SC
AR A R RE AR L B 4 LS B K SCRRCAR B A G R
A5 KSCAR SIS B4R T AR RO AR I R A
AR AU KRVD AR B AT A 4 4 4R AR oK SCHCE
BE 2S8R 71,65 % Al 11.25 %, £ B R R &
AUV ] R A T A A ik b g AR A 22 AR K. &
AT AR ok g s 0788 R B Sy 043X SR T R A AT Bk
PR ECR O, RIEC Ik b D7 o 45 28 AR F I A A8 Ak, bR

VO IAT AR Ik b D B TR B R — 85..60 %4 5 SR Rl BE B
AR GEARHT % 4R bR (S A AL T RVA BIE W, 1 58 48
J5 REBIFAEGYFR Mt RVA B FBR . W R )51t
RIPWAR AT AE o H B AR K SOl A8 B 19 7 55 45
AL A KD IAT B A5 AT 52 N2 52 W i S5 19 8 A K
SCR AR 72,75 % Fl 69.42 % 2 @ v B ek AR L o
JE RIS 1,2.3 F1 12 A Sy & v . &0 &= K AL
A fe/IME B ] AR bR o g B T B R 8 AR bR s
TR, HRAZFE i K 73 d, RERE
Tt KRR 285 ds EAFIT Y 6,8 F1 9 J ¥ 3 it b (B
F1 90 d Fe KAH &8 T 5 BE w028, U I b R Vb i) 52 A 2%
15 Bl ) 5% 0 B Ry B

x5 BRNHBHEALGEE

Table 5 Overall hydrologic change degree of each hydrologic station %
K B K SRR s RIS
pi
5014l 552 4 553 4 554 4 50541 g
LK e 74.00 69.75 83.50 71.65 74.00 72.75
Fib 5 1l 7K S 3l 72.92 67.75 46.00 11.25 35.33 69.42

TE 58 1 AN H XL 5 505 2 2O AR MR RL IR ik 5 205 3 20 O 4 A0 o {0 ¢ 1 B IRT [ 5 265 4 28 Ay 45 oo 0K UL Sk Jk o 450 U B 3 I 5 385 5 4 S 78 1 U 8
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3.2.1 MRASEFAMSIL WM ENEE LS
S 7K AR A ) O S PR 85, DGk T g PR IE AR B 19
oK 73 A i 2B B 4 B K s o A R i IR AR AR BOR
JIFSS AR REIIIRT IR S ek e 7 R B RS TN
X KA A A R G A AR

FIET RVA % 0 4 25 5 K7 B0 K Uil i
PR PR ST K R . AERIE L 6. 3 6 T LA
Al KV N T O 00 A 25 9k 4 R 5.57
m®/s H1 6.87 m* /s, AT AN B 1.47 X 10° m’
M1 1.81X10° m®,

®6 FHEEMLUR RVAFESEK
Table 6 Ecological water demand by RVA method in southern mountain area of Jinan City
A6 R R 1L oK SC k) AT CRR R Ll K ST
Ay 225 (RVA) A A/ AT/ A8 U B (RVA) AT/ AT/
TR R (m® «s71) (10" m*) TR R (m® »s7") (10" m*)
1 0.264 0.689 0.212 5.690 0.136 0.907 0.385 10.320
2 0.235 0.605 0.185 4.469 0.000 0.754 0.377 9.118
3 0.115 0.348 0.117 3.120 0.000 0.460 0.230 6.160
4 0.000 0.030 0.015 0.385 0.000 0.665 0.332 8.617
5 0.000 0.029 0.015 0.394 0.014 0.826 0.406 0.870
6 0.000 0.009 0.005 0.121 0.024 0.787 0.381 9.878
7 0.056 2.888 1.416 37.920 0.000 1.198 0.599 16.040
8 1.135 4.207 1.536 41.140 0.254 3.202 1.474 39.480
9 0.762 2.725 0.981 25.440 0.165 2.226 1.030 26.710
10 0.479 1.338 0.430 11.510 0.000 1.557 0.779 20.850
11 0.406 1.112 0.353 9.147 0.260 1.197 0.468 12.140
12 0.278 0.890 0.306 8.199 0.220 1.038 0.409 10.960
Eit 5.570 147.534 6.871 181.134
3.2 FMRASFEARBRESM T RVAEMN  WASTEKEE R, BRI AT K2 B2

AR ST AL I T A5 R R b KV T R AR 1979—
1989, 1990—2000, 2001—2011, 2012—2021 4E 4 4>
IF 0T A 2% T A 25 KW I BE R AT A0 A A5 R AN R 5
FIi7R .

5 AT, b R VDT AR ST K R B S B E
H32.35% . 1979—1989 4FEHA A] L db Vb ] A= 2 75 K
T2 BE R AN T ) i R EE AR T 50265 1990—
2011 4F , A= 255 K0 2 BE AR HR /N L AU TR B 65 T
FB 50 Y0 PRIIESE ;20122021 4F, % A B TR AR IIE 50 %6

1.0 a # LKLk -0 1979—19894F —&— 2001—20114F

--0--1990—20004 —e— 2012—20214F
0.8

0.6 |
_"T____.FI_

0.4 r °

AT AR R

0.2}

6 7 8 9 10 11 12
A

H60.42% . 1979—1989 4F H A= &5 75 /K i /2 B -3
R AT.42% ,1990—2000 4 H A= A7 A 2 38k
63.75%,2001—2011 4F 7 A= & 7 K W 2 38
71.33%,2012—2021 4F 7 A & T K 2 E ¥R
59.12% . BAFAE 52 B 3l . 2% A I 01 00 28 25 75 K 0l
JEFE AR —5,1979-—1989 4E Il 2012—2021 4E Y
KEEH EF— T LF W EHE, 19902011 4F
PMREEI TR EA—TFREMBEH. 19791989
AR 2012 4F 2 5 WA AT K 2 AR T 50 %,
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0.8+
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H 04}
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Fig.5 Monthly ecological water supply satisfaction index for Beidasha River (Gushan station) and Yufu River (Wohuhan station)
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4
4.1 FEEBURESEKITERXLE

HRAE 1979—2021 AEJL RIS B AT 43 a Sl 42
it BEORE, SR T Bl P Y i i A g A0 RV i A R
PR A S T S R L 7, P AR S R
0.38 1 6.91 m” /s, A& K& HIH 9.85X10" m’
N 1.791X10° m®, &I R H 0 i A AT K & A
[F] s TCYE S e 215 A8 Ak 5 75 N 28 52 ) L 5 Tl 270 A s R
i FHAZ 5 1 B 235 5 AT S P O A 5 6 A9 T 1 A A O
HHUE L LRI 18 475, 5 52 bR Al i A4 .
W% T AN IE T 5 R R L XA A AR KB5S
FF RVA WL MBS T AR5 Jr s A A B X Tl
LB 7K SCE B TF 20 M FUBIE 5 PR A AE S 16 3 45 X
FAYFE A I T AR A TR K A TS A VR R R AR
Ly XA 25K SR

x71T BRATHUREENESRERESTKE
Table 7 Ecological discharge and ecological water demand

using average discharge method in driest month

111 7K 3C fip B 1L 7K SC 3
WH  EXRE ESEKR/ EBRE EATAKE/
(m® s 1) (10" m*) (m® +s ") (10" m*)
E 0.38 9.85 6.91 179.11

42 FEEBUXKARAXTRFEZWMEZR

AR 4l % B A S L DX 7K S AR SRR AR AB KT T
AT AR I i R AR AR R 1996 4. F R
1995 4R , 5 B i P LU DX 3 A KA ke X — 0 52 Y
T NS KGR T oK, A b DX 3 37 K T ARG, M
TR A, 19952003 4, FF 5 FE &6 1l X+ Ho 7l
FH AR AL SR ph At 1 2 1) AR M B AR, B Aok
U8 R AL TR 10.4 km? , HUOR MO, 5%
A 4.9 km®™ ™, gLk, 20 a0 90 AR LISk B
T Ui R T OBCA A 8T R RH il BT R
T NZEE Bl BN A A 1 I AR R S B TR
IR SCAR SRR E R

AC VDIl b e 7K F2 2 TR L Tl R0 A TR K
gy @ EEEILR PR E T — RIKF TR, 1
FEARRIK PE CR (2) B KD A 3 K 2 (R LK ) (1R
FIEIKFE Ch B ) 45, & 2022 4, db Kb I
Tt BE Gl B RMR DA 1) S8 TR BRI 188 CR B K D |
ANCU UK R 7 JE /N (2) BIOK P8 14 3301 105 JE
MPLEREA N 3.30 X107 m*, KEEE GEEE M
BT KGR Z B m Y R IT Lk e
PN R /N i 8 [ SR L O NI I R o =S )

500 N/km”, & 590 19 N 0% B A X A, 49 R
300 AN /km* ;s W3k & A O ER b L 6 R U IR £ H il 24
H6 4, ELRFRIYR S L2k 4 ¢ 6, HEK BRI i
SR 2021 4 E 3T K 2 2.80 X 10" m*, fij 4k
KK 2R 6.00 X 10 m®, IR 7K & 2 4 b
KA 4.7 f5, FEACR W B K& KT £/
W, BEEF T BUMTE 1994—2000 4£ , % b K v ] 3k 17
T RFRASE 0] I K, A S AT 2 20 km, 4R A
AR BEZ 10 km, il B3R INZY 30 km, £ 1 By itk
AE 7. ELI) 3 B0 e i ok 1 B it RE ) 2 R A AR b 1Y
[F) B Y 9 SR U I & A U K AN 45 A2 B
AT LA R 7 A NS shag e R, 8t
KIPTGEA G —2H 5 HS B RVA B TR €
PR B, R RAT 10 A BWAE 7 A&y,
90 d i W /MBS K 25 Y00 kT AR I 1 Al
K25 AR L L W7 05 v
43 FEEBURESEKRERIE

2001—2011 44k K Vb ) A 25 T 7K W 2 Je X
ORI (79 ) A 275 K 2 B KT 50 %0, % B 4
AU YDA (18 7K SR B A R, TG 1 Wl AR A T K
BOR . 2010 4F DL . Ll AR A48 B R BT RS T BOUR 2
R A ) ST P e L X K R R S BT R
PRA SR R 1 A DG BUR , L v £ 7 0 Ll X AR 25 2D
REOR 40 DX, A8 2 B AR 5 Rk T R kR A R0
20122021 4, Jb R VP11 A A5 75 7K 0 2 B2 I 4 42
B A A A AT K R A 9 A AR IA H] 50 %0,
A AT K R BRI T 1990 AFRT. SRV
FHLE s B AR AR AR5 7K R B s . R AR TR AR A
T K R AR TR L 32 B R R SRR R AR L X
B2 — MR AE oK, K K e K B R A
TlAE S A W (7—9 A) L H 8 A EoRFKE T
ET 79 AR Bk, B R R L X RAE 79
FORH 5| K 2 b 2 4R e S BRI A UL A TG VU
SR AE AT K IR . BAR b B r B L X R
VO IA] R A AT A AR K R R R AR AR A S R B %
SR RN L L i X R O A A TR K B AR R
THTSCT AT A A AR N N AE ORE T 7 R 1L DX
AR RVA BIE P FTHE T, 8 0Nk I— R 51K
B R R 7 it D DR 5 T R L DO AR S R A
fathe . BRI G O mMBKE 5 EST
IKGE— VR BE . B R R L DX T R U AR
PRAP DX, AR A TN 28 T LA 28 1, Ry O B DX el AR AR TR K
— 7 T A A% T K ) Rl it 1 5 53 — i AT LA
e Az A T BE DX A ) B L KR R B TR ACE S
IR B G AR TR T A I S A A R s R, T {4k
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St O A B AT LA AR TR | WA R AG AF T,
GG TR AT 0 K A TR L 90 4 R B L K A A
25 77 KA G DU K D IR @) i ik i il 1
Jit FE R L B K SRR AR . T RE R AR L X B R YD
U] AR ] A S LA A L A 40 90 A2 AT
o S 58 A U T A T K A R R A
22 0.654 3, KW E K. U B 1L X AE R B
T Ui AR A R AP 0 o O ) R X, — T T
A DA DX 3 v b o A R, 51 S Y R T Y K
Vit 45 T+ AR T I8 7K R FH 805 5 5 — O T sy
KRS 7K A T AR A S it o T B 4 B35 7K R R 47 7K 9
AR SR AR B R K R AL S bR SE A5 A
SR RIS AL Ay DX sk 9% R AT 45 2 R TR AR S R
45 RIS AR ALK

5 &%

(1) Jb K VDR £F 0 09 42 0 28 5 8 1996
AP AR b b IV T R A AT 8 K ST AR BE 43 ) R
72.75 % 69.42 % , A AWK AR 5 IR T A,
RO F 4 AR I KA X P B 8
N USELE AR SR TE I 1N 0P S B
SIK TARREW, 5540, 5 ERFWAH L, Jb R b 52 A2k
LRSI E N

(2) 6K VB AT RN B A0 19 4F AR 2T K i 4 0 R
1.47X10° m® F1 1.81X10° m?, MK b, db Ry f
A 5T K B S N 32,35 % 5 BT A AR B K
BB 60,4200, BRARTH ZERE K £, (H )2 H
T | K a3 i AN 23 Sl ] S 0K B i A A
IRBE TR K R BB . B b, T e L X AR A
o 7K R A AU, 7 I e X6 T O A A PR B T K
PRI,

(3) I AATRT 37 A 2 0 B2 L 32 T 7K 9% R R AR 4
J5 A T 4T U R R R L DX I AR A R KO R R
R X3 K B R 25 A BRI A S AR 4R R BRI AR B L Bl
T3 TR U A A R A R R
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