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Fig. 1 Change process of bed-forming flow calculated by

Markaviev method and geomorphic work diagram method

HT AL 1 AT D4 A 7K SC 3k Y D) AF i PR R
AFAL R AT 1960 ~2014 4F B ] T iz 4 3 I 4F
7 N LU NS QT I o L7 (N

1960~1999 4F 4 3fi Py 4F & IR it 125 728 10 0 Rl 4 K
SRR 2000 4E 48 A7 4 0l RO 2 OA B R
1B . B 2 /INTR RS 7K PR 2 o8, B 9T 1 0 4 3 3 DR I o
AR B/ R 2 T, QX
AT SC G WD 7 2% BT TR B 3 DR I AR AR, Herp
A6 Bl 15 2 15 5 9 | b A o) R 0 O Y o R
i AR Ak Y Bl 43 B A 550 ~ 7 350,779 ~7 131
m” /s s RS s 2 HB R vk M A Dy R AR
TR I AR Ak Y 43 5 D 650 ~ 6 850,653 ~
6 815 m”/s; 3L LU Hy R 4 B I 3 | b A0 ) A 01
BRI T R UL A AR R R 43 51 SR 350~6 350,354~
5542 m® /s ; FELE A 2 HE R 1 b 36 Ty B vk 1
TR i R I AR AR L 43 1R 350~6 150,341~
5447 m® /s, W] UL FR 7 T TR 25 SRAE AR B
INESE,

B R 4 7K SCuh 1960~ 2014 4F Py 4F i
PR R 2 TR, &40 TR R L Ry
FEWLFE 1., & 1l g, e 05 R )
R 2 HI R 1 5 Hb A D T vk BT AR A 3 R I AR
bt 2 R AL, 1 R A T R R A O 5 = b
K L3k 1) B Ak B e 3k 5 b A Ty RT3k BT AR Y
T R I o R A R R A A BN 25 B R
ST R A S AR AT 5 38 L K S B T RO 9 T
TR0 RO A b R AR R R A e 22 1L (B
o 7 325 P 5 D3 A 3 R UG A (KA AR

®1 BHBBRERHSE

Tab.1 Trend line function equation of each station
N L R BT R
K 3¢k - - ;
R AR R L iS5 oy A vk
ALl 1 y=—15.82+34 260 y=—15.5x+33 729
F= 0l y=—38.1x+77 999 y=—35.0x+71 997
gl y=—30.1x+61 564 y=—20.3x+42 836
il y=—29.6x+61 668 y=—29.1xr+60 567
32 Z#RAW

b 50 2 P 0 L R T S K b B L
SOR i SS N TR Y -8 Sk TR R S S
F o FUT 75 RO [ U o DX TR] P 0 A > dk () AT, B fef
S IR ) 22 90 R 0 AT N AT B DU R bR
B AR TS B PR R T R RS R 5
R P IR S RO 2 0 IR R 3 R O R O
W i {6 A

SR AT PR TS R 2 T, SR 4R R R kR
T R R 2 R A T AR ()R, 2 B R R R R
(PPURINCRAE P AN EWN (NN
R very b N A R QO R TSI RSl B % X (ED I
MUK LR E P RS —mER N EN



55 41 B 4 W) BB YR 45 < AT U 2 R O R TR 5 R A AT « 51

b SRR U R G i b N T ARER PR
Ui B R v e TR AR PR S ORI B RS )

ZZ Rl A T E T E S R R [1]  GOODWIN P. Analytical solutions for estimating
}‘2“2 ﬁﬂ_%ﬁgﬁﬁ%ﬂﬁf&d\ , U‘E BH W Ff oy 3k -i—f%: i} effective discharge [ ]J]. Journal of hydraulic engi-
35 PR BT AR BV A T SR B R A 5 necring: 2004 130(8) 729738
Y TR VA T 5 T O TR 2 R AR L [2] WOLMAN M G,MILLER ] P. Magnitude and fre-
1438 PR It 2t AT A0 Sy YR e g v R A AR R R R
7, PR b 0 I PR AR A L DR AR HR R AR

quency of forces in geomorphic processes[J]. Jour-
nal of geology,1960,68(2) :54-74.
(3] Rabim, BEZE VTRE, % RTFHHSmEmE

S e 2y L A Vi

I PRt S T ST 1 O AR [T . o o A
B2 RR) ,2020,51(9) :2396-2404.,

4 Z5ie 4] IR EWE. EWE. S T KW %R ROk

5 BT i R LT DL 7K 0 K R A4l , 2013, 32
. S5 D0 PR At B P 45 SR 5 T R AR TS K ok (1):150-155.
45 AR . Lo A0 o PR i i S 80 . IEWI g () WRARIE AR 200 v 0 55 BT i O e 3

T U T B PR i b A T I A A L w5 R E WAL R ST ()], e 5T, 2006

T 4 S R e O (9):10-16. o
b A SCHF T 7 PR 4 st B e H [6] HWGRKY4eERFR, ZFm. &R EL]] V5,

1957(2) :40-43.
: J W O T 2y > 44 B
BURIRACH TR BESTRTBL ITRERA R oy e g i %5, 000K 0805 55

PRI o oK o AT 2R FH 22 i i 40 22 ) 08 O ik i — 2D 0 TW PR R 1056 & [T, KR 2230 2021, 52(5) »
TIE by 550 2y P gt 12 0 i e 1 521-534.

Analysis of Calculation Method of Bed-forming Flow

in the Lower Reaches of the Yellow River
DUAN Hai-lang""",LU Qin*, WANG Zhi-guo''"", YANG Dao-ming'"'"", L1 Xin-yao'"'"

(la. School of Water Conservancy and Hydroelectric Power; 1b. Hebei Key Laboratory of Intelligent
Water Conservancy. Hebei University of Engineering, Handan 056038 ,China; 2. China Institute of
Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: Aiming at the cumbersome problem of applying the Markaviev method to calculate the bed-forming flow
rate,the geomorphic work diagram method was proposed to simplify the calculation of the bed-forming flow. Based on the
measured water and sediment data from 1960 to 2014 at the four hydrological stations of Huayuankou, Gaocun, Aishan
and Lijin in the lower reaches of the Yellow River,the Markaviev method and the geomorphological method were used to
calculate the bed-forming flow of the four stations over the years. The results show that the differences in the bed-form-
ing flow over the years at the four stations in the lower reaches of the Yellow River calculated by the two methods are
small and the downward trend is similar. Compared with the Markaviev method, the geomorphic work diagram method is
more convenient and accurate to calculate the bed-forming flow.

Key words: the lower reaches of the Yellow River;bed-forming flow; Markaviev method; graphic method of geomor-
phology
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Spatio-temporal Dynamics and Coupling Coordination Relationship Between

Ecosystem Services and Matching of Water and Land Resources in China

HUANG Shi-tao' , WU Kai*,ZHAO Wen-fei®
(1. Changjiang Institute of Technology, Wuhan 430212, China; 2. State Key Laboratory of Water Resources and
Hydropower Engineering Science, Wuhan University, Wuhan 430072, China; 3. Changjiang River Scientific
Research Institute. Changjiang., Water Resources Commission, Wuhan 430010, China)

Abstract: It is of great significance to discuss the relationship between ecosystem services and matching status of wa-
ter and land resources for the sustainable utilization of ecological resources. Therefore, the equivalence factor method,
matching coefficient of water and land resources, and coupling coordination degree model were used to reveal the spatio-
temporal evolution characteristics of the ecosystem service value, matching status of water and land resources, as well as
the coupled coordination relationship between them in China. The results show that the total value of ecosystem services
in China increased 2144. 45 billion yuan. The overall spatial pattern of the ecosystem service value per unit area was high
in the south China and low in the north China. and the ecosystem service value per unit area in all provinces except Shang-
hai was improved during the study period. The matching coefficient of water and land resources in China continued to de-
crease, showing a clockwise spatial variation characteristic of first decreasing and then increasing roughly with Qinghai
province as the endpoint in space. The coupling coordination degree between ecosystem services and matching of water
and land resources in China from 2010 to 2018 first increased and then decreased, and the overall belonged to the basic co-
ordination type, which was in transition. The coupling coordination degree shows the spatial distribution characteristics of
high in the south Chin and low in the north China. The results can provide decision-making basis for the policy formula-
tion of coordinating ecological protection and water and land resources utilization.
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