555 3 KO K B TR ¥ W No. 5
2019 4 10 A HYDRO-SCIENCE AND ENGINEERING Oct. 2019

DOI:10. 16198/j. cnki. 1009-640X. 2019. 05. 005

A, SRR, BE, S5 SR AR K SO AR SRR BT ] KRG TR, 2019(5) @ 36-43.
(GUAN Xiaoxiang, JIN Junliang, HUANG Aiming, et al. Typical hydro- meteorological changes and runoff process simulation in
Yellow River basin[ J]. Hydro-Science and Engineering, 2019(5) ; 36-43. (in Chinese) )

T A Ja S R AL K SO R AR A 5 AR it A AR AU

Ewa e B R WA ARR  ZE R R A
(1. RS KSOKBEEABE, 1195 m At 2100985 2. KRR A A2 (BT Hts, TEI5 B At 210029
3. F KRB ERIR B K SOKBEHIR 5K TR E R E A e, L5 mat 210029; 4. KILERY S5k
R EBEEBE, V1A F st 210098)

FEE ORI S G M Bk SCast B DUIR 4 3 DF A #8 T] 30 48K 6 VR A8 A 1 B SE b, R Mann-
Kendall BCHH A S0 5 FIIMH 22 5 T K501 70 M 17 B0ID it da 7 A AR 30 Sl ) A A /K B A7 A0 00 ek AR 2 L
Fea 7B ACASAE , IR T VIC B8 B 22 VTR \WBM RERLRT GRA) BRI, s A il 7 S5 SRR W &
TR LA 24 R 35 T e s AR K B AL A AR AR I DU AN B 5 AR AR i o 5 3 T e, HR B2k
A TE 19805, BRI AE SRR 4 Fh K SCRTRLTE BRSO HIRCR B8 o 8t Nash SR 25005, VIC AT
B IA 25 S I R B PR , BADAR U i A S I i e B0 T 5 AR AR X ER 22T 7, WBM BRI 7E K 4
BT rp R BT , M7 5 35 Ttk B DR AU S5 1A

X R EIREG KSRk, VIC B BRI WBM AL GR4J K
FESEE. TV XEkERERG: A XEHE. 1009-640X(2019)05-0036-08

B TR PG AR XA KU, LU b 4x ] 2% i R 4 [ 159% 9Bk A 129% iy 1
HEKATS5 , [RIIFA 7R AR 2 1] G4SN 43 4t DX 8 B 288 VR /K A 550 BETRT R0 SR 40T 1 A2 3 473 m” R L 4
FEP- 204 174, 23R FEK g WA R B e X 2 — o i TR UK PR IR IS A A T T R AR A < K U TR L
Pl (INF2S AT AR S HIZKREAE R A R 228 1 3, BT At AR A4 T s 222 5% i JE AR /K W 0 L ke ) 7 I Bk 5
SIMT TR SO KB IR S AR R B D s AR Ak, X A B A R UK B U A ML AT EE AR A
R AT T T RAR VRS , & B 1980s Jo 301 AT B S 85008 i A8 i 5 R R 2 Hh K S
PUAR IR S | 22 fat 44T 1 NS0 Bl RIS A X 88 VAT rh i = )1 ) 4 AR T s /D (9 BT ik, L A/ A ST BT U
SR SRR RRADL K BRIy St A, BT R SR AN [ IR 391 7K 5% 58 0 78 7 A R £ A A PR 58 T TR K BE
VRIS AR 5 AORS A0 U B AR 1 R o X0 B AR SRR T 43 A 2K SRR e 3 TR I B R AR 58K
AR T AR SIMHY D SR A2 Bl A 03 P DR, fF PR T BT s L K, 32 AT B R i
FUEEE A A A 2% DX R K AR A MR S R SR 2% T L SR 9 5 T 1) /K SCRBE TR 3 e A A B8 T S A [ L 7Y [
Sl 3 A AN R AR O EE B AR SO BCERAT AdeAS [ S R 3 T, 2R ] Mann- Kendall Bk A SR 5075
FIBEZE 5 T K58 12 70 Wi FLAR K i FARAR I e 91 9 84k, R VIC BT B 22 VTR WBM A58 750 Al
GRAJ YAk a5 (AR I A , 38 HE A A [R] K SCRERE B BRAU SR 2R, DL Nash 28GR R BOMAR AN TR 2241
H b BB PPAN K SO R , A5 BRPPAN BT K B A8 A4 fHE B LAl

W5 EHHE . 2018-09-11

EEWB . [HE A0 % B3 H (2017YFC0404403 ) 5 [6 58 [ 4% Bh o4 2k 4 B B i 1 (51779144, 51679144,
51879164 ,41401024) 5 1 e 25 PERMITBE T SEA L 55 2 9 B T H (Y519010,Y519016)

{EE R EFE(1995—) , 58 VIFRIEZR N AP A, =2 K SOK BRI AT . E-mail : xxguan@ hhu. edu. en
WEEH: ©£8 B (E-mail; jljin@ nhri. cn)

BRARN KAKE TAEFIR2019 F5 58 =k oS :170mm x231mm  FF A :210mm X 285mm



%5 1) IR, 5 BT U R R K SO AR A S AR T e R 37

1 #5757 %

1.1 BB S SR

I 3 37 By 90 X 25—
RS 4 YT ORI, T X R )1
ST K T R 2 T 0 X
IR, S I £ 7K SC 3 543 50 £
SN R ES R CIIEL T e R
SHE S BB 3 A5 5 28T A
L3 K S S TS 2 A [ O3
O TS 2 5 D T K 5 N KT B

VEHESTR T B IR R Sk T AR R I A A 1 SRR BMEACH R A
BB s AE R 0 3k 1 e s sl TR L 5 ) A Fig. 1 Yellow River basin water system and its typical
VBRI 97% L4 b, S T 56T 3 B pchological sattons

L PRV R K S BT B A 6 5 A RSN EE 1 . TR0 B 0 0 T 0 B
0. 19 J7 kn® S ACH 261 156 B LSRR 73 77 ke, K 4 BV 4 1 QBRI
5516 Chitp: / cde. cma. gov. en/home. do) S0, #3975 I 1 ik Y 41K SCAF S5 MR ¢, 16 VR 26
RS, PR R LK SCHORAG R A . #2E VIC BURIFAR 19 DEM B0l )y 223k/A T ASTER GDEM %ebii, 4 9E%
2199 30 m, FIRBEIALIELECHR : EH0T A S R NOAA ARSI A SRR AR S min 19 1 HEBCHR
- RS H Maryland 2% FF 09 A5 1 ko 53900 - MO S O . P LR B LB
RIS SCR ) OB OB A E BB SE HEILR 1
®1 HAREKIXEREERFR

Tab.1 Main information of typical hydrological stations

LI K Sk A Hi B/ km? BORHERR AERPHREKE/mm AREERREE/mm ARPHSIR/C RIERE
e A M 8 264 1977—2000 870.9 73.9 13.9 0.085
Wiy LT 24 973 1951—2001 547.2 180.6 0.2 0.330
= I3 JE R 4105 1957—2002 487.1 51.1 7.0 0.105
El) AEFE 1 730 036 1951—1997 437.8 56.7 5.1 0.130
oy EYNER 121 973 1956—1997 507.9 166.9 -4.9 0.329
A 3] IES 1 896 1957—2013 425.3 14.7 4.3 0.035
o EFE 8515 1953—2010 404.0 64.7 8.0 0. 160
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F2 KX EERFS Mann-Kendall #H#GEER(BEMHKFERH0.05)
Tab.2 Mann-Kendall trend testing results ( significance level is 0.05)

AR R A ARAR IR AR
T K3
M{H e BEERE M e RERE O MMHE s A

KB BRI -0.59 1 %“ 0.29 1 7 4.35 1 P
e 21 0.15 1 & -2.93 ! = 3.79 1 2
=13 J& R -0.37 ! & -5.63 ! B 4.73 1 £
A ek 1 -0.71 ! w5 -3.77 ! i 4.93 1 g =S
B[ JETIZZ 1.84 i % -0.18 i % 3.67 1 2
P ST] IPS -0.04 ! & -7.38 l = 3.96 i =
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®3 KXHAFIMEER TRERER(BEMEKFEH0.01)

Tab.3  T-test results of mean difference of hydrologic stations ( significance level is 0.01)

VS @Y KCEF T 5eit i PE RAFAEA BRI

P 1.630 1.19x10 7! 1984 7

TR Q -1.307 2.06 x10 ! 1989 &
P -2.937 1.20 x 10 72 1957 7

AW Q 5.473 3.69 x10 ¢ 1994 2
Q 2.824 8.87 x1073 1987 2

P 2.828 1.11 x10 72 1991 7

=P Q 4.357 9.83x10°° 1980 2=
Q 7.989 1.39 x10°1° 1997 T

p -2.899 3.03x10 72 1991 &

e 0 5.567 3.50 x10 - 1986 R
p -2.517 4.77x1072 1960 g

JETIZ 0] -3.630 4.49x1073 1960 A
Q 6.322 4.29x1073 1995 e

p 1.842 7.27x107! 1979 &

I % Q 6.293 7.67 1078 2000 =
Q 7.946 1.67 x1071° 2007 s

p -1.314 2.38x10°! 1955 7

Q 4.011 2.43 x10~* 1980 s

el 0 11.442 6.29 x 1016 1999 2
Q 3.393 7.59 x10 73 2004 s

TR PR MBI AR BK LT A, Q R R S b AR AR T T8

3 HAK U R AR T AR AR

MR BB K Sk i AR [ K i AR A i e 81 S8 T3 A 4 8, 76N () Mt B G dal, 53 531) 1B 5 365 A B RHAEFR
RV — e e N3 SRS SCRRPE A R MR AN AR T R A, T 4 ok SCRERS RNt a5 i A i ad A, 31
PEIN SREAPL 2 H AR R Z 18] ) Nash-Sutcliffe R R EL(E, ) AR 1R 2E (e, ) ABLRGEEPPO s 8L, 451
ST sty 45 B BAUURS BE Qe 4 BT o
R4 EFH 4 MKORBIEREE

Tab.4 Simulation accuracy by 4 hydrological models in calibration

E,. e/ %
K Sl R IR

VIC XAJ WBM GR4J VIC XAJ WBM GR4]
Wk 1977—1987 0.82 0.64 0.53 0.88 2.50 11.10 0.56 42.00
Tk 1965—1975 0.92 0.85 0.69 0.81 -0.03 -0.06 0.07 -5.90
PN 1957—1966 0.90 0.80 0.67 0.76 1.40 -0.91 0.02 -4.22
BF 1959—1967 0.69 0.71 0.73 0.82 1.10 2.42 0.07 -22.20
e H 1969—1979 0.92 0.70 0.78 0.63 10. 40 -5.88 0.02 1.31
T 1957—1966 0.74 0.84 0.77 0.76 -0.46 ~10.90 -0.02 ~14.80
RETI % 1960—1970 0.91 0.85 0.78 0.72 -4.10 0.10 0.38 2.56
B 0.84 0.77 0.71 0.77 1.54 -0.59 0.16 -0.18
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Tab.5 Simulation accuracy by 4 hydrological models in validation

K WA b o
VIC XAJ WBM GR4] VIC XAJ WBM GR4]
iy el 1988—1994 0.80 0.87 0.79 0.75 2.62 21.50 0.54 35.30
21K 1976—1980 0.89 0.89 0.70 0.80 1.00 9.12 0.10 5.88
Ja Rk 1967—1972 0.87 0.64 0.65 0.64 2.43 -13.00 0.01 -3.15
BFEN 1968—1971 0.68 0.63 0.77 0.67 2.13 -9.53 0.05 -24.20
febE 1 1980—1982 0.89 0.69 0.60 0.71 10.52 -15.00 0.18 -9.85
M & 1967—1969 0.72 0.89 0.85 0.86 0.57 -1.67 0.06 -1.35
VN 1971—1980 0.88 0.82 0.71 0.75 -3.07 -4.43 -16.90 -13.20
YIH 0.82 0.78 0.72 0.74 2.31 -1.87 -2.28 -1.52
AT UL, R 7K SRS I 5 J M A5 481 3 T 37 R N e R
SR R VL B A e WBM B GRAT iR, 2 30F @vic |
VIC BURAI XA BURROPID SRR S ke ST :
S B3 R ) R 3K S R BB i , L X 7 Bk oL MI\_.__A_JL&JL
PR BN P B B . T 20k gyxa |
AR IE B E, (55591 0. 82 F10.78, gy |
T e fncral g0 2 moss, 50 o AL
AU BTS2 5, WBM BRI AT T30F o wam =
AHRIE TN . BN Ty WBM A8 T5HHy £ 4 i 24 el | \
BAEA R B e Fms, Wk E0F |
OV SO B, FUAT B K A 40 ~30f !
S XU B B A R VIC AT XAY g 20F |
pompems vz, epemmanmgeme 8L AU Ll
20% LA 1 GRAT B Y XJ A [] frt S 76 3 Sl sy i A5 " 195706 1959-06 1961-06 1963-06 1965-06 1967-06 1969-06
IR SR, MR R 22 W BB K H
SMASR A, 7E BT T Y 4 Fh K ORI TE B2 (G ARk Soka s B A2 p il 7
JITIE A 7 A ST A A S AT SO, Fig. 2 Monthly simulated runoff processes of different hydrological
VIC FHT AL BIAXT WBM Fl GR4J BRI S 44 models in Pianguan station

% BRSO B 5 T WBM RS 5
B R K AR B 3 P TR Y U AR S AR
4 # iF
2 PR #9T W UI  VE AR AL, FE ST I 7 AN LIRS A MR T K SO A, R
Fra TR WBM KB AT GRAT R RIALL T 4 /K SCul 9 H R AR Ve B, 1580 F 456
(1) Mann-Kendall BEUCHE AU /T 5 5 AR B K Hik AR AR 7 k5 (R e W , e o A A 0 1
R K RS A AR I S TR R K St A, FEA K SOl AR AR M S ] I F a3t | AR 7R i i R 3 21
1980s H FHHH W 2878
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Typical hydro- meteorological changes and runoff process
simulation in Yellow River basin

GUAN Xiaoxiang' *, JIN Junliang®>*, HUANG Aiming', ZHAN Huijie', WANG Guoqing”*, LIU Cuishan™’

(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. Research Center for Climate Change,
Minisiry of Water Resources, Nanjing 210029, China; 3. State Key Laboratory of Hydrology-Water Resources and Hydraulic
Engineering, Nanjing Hydraulic Research Institate, Nanjing 210029, China; 4. Yangize Institute for Conservation and Development
Nanjing 210098, China)

Abstract; The simulation of hydro-meteorological analysis and hydrological process in the representative
watersheds is of great importance for water resources assessment in the Yellow River basin. In this study, the
Mann-Kendall and T-testing methods are used to analyze the variation characteristics of annual precipitation, runoff
and temperature series in seven typical watersheds of the Yellow River basin. The VIC model, Xin’anjiang model,
WBM model and GR4] model are applied to simulate the runoff processes. The simulated results show that the
mean annual temperature of all the typical watersheds significantly increases, while the variation trends of the
annual precipitation are not significant. As a result of environmental changes, the annual runoff series indicate a
decreasing trend with abrupt changes mostly occurring in 1980s. It is found from the model simulation results that
the four hydrological models mentioned above are well applied in the runoff simulation in the Yellow River Basin.
As far as Nash- Sutcliffe efficiency coefficient is concerned, the simulated runoff process given by the VIC and
Xin’anjiang models is closer to the measured runoff process because they consider the runoff generation and
concentration process in detail. So far as relative errors of runoff are concerned, the WBM model, with a simple
structure,, performs better in water quantity simulation calculation, and is more suitable for the simulation and

evaluation of water resources in the large-scale river basins.

Key words: Yellow River basin; hydrological change; VIC model; Xin’anjiang model; WBM model; GR4J model
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