H AR EIREAR, 2018, 33(8): 1402-1415 http://www.jnr.ac.cn
Journal of Natural Resources DOI: 10.31497/zrzyxb.20170854

&

B 7K 55 2 Ml A 22 A 3of B AT A AR i S M B

ZAe gk YRS, B IEE?
(1 PILR2ZEAR IR S AR T M 5102755 2. ALt IIER2E a. AR 5 [ AR K EH TP S 000 =
b. MBS R AR S E R A, e kRS N A P AT BE , LT 1008755
3. W E b TR A R AR 2R L I 430074)

WE . ORI EEAE At X E KR, T AR AL RE R A E B L i3
SRR T AT (GAMLSS) 4571k, SR FH B 0N 60 a Sk it Rk | E 2R
b A 1R B R IR K R SRR, 38 i A Ak Al /N AR RIS R OR TR AR DL R B e
AR KA 5 AR 2T R IR AT T 1960—2005 4F BTV 05 Al P i AR A5 £ o
TR o TFFEAS AR 1) TR S N /K Sk f /N2 AR 5 FOR AR B AE KRR AR
S AT 20 20 80 AR AN 90 4EACHI , HLERAERE Ml /N AR KA A Ay Ak
5 ETHERASN R AR TR A T R R, Ho RS2 NN AR R BRI
AR IR AR T R TR G A KSR E) T 0.05 (1 W MK, 5 B T R
B 2) X EE B RF R AR RORAS B R AR AR IR 2 T/ INARE BOAR T, BRI IL , B AKAT SR i A2
) E B 22—, AR A RS AR A S I R B A S R K i i 20 G 38 5 i
AT N DG, X T R T 22 /N2 AR A 1 2 W AT B 3 B e VR R 1 FR, AR
St A AT LA ARG 17 5 T 0.75 3 LA 23/ IMR IR, /INF AR IR A AR S . 5
SEAS LIRS T T K P B S AU B — e B SIS

X8 . S AR Y  E; GAMLSS FiAY

hESHES: P333 MEARERS: A XEHE: 1000-3037(2018)08-1402-14

B TR LS, R B ARSI BT LIAG 5 R AR
A, BERTRRD, BEKAEPRER . Ay LR, U A
KGR N, BRI R OCGE R R A T R, K BTBUR B WAL,
HZUCRAWREEG:, IERilhE M IRE K R, s R R E P . AR X A EE 2K
PR, PR, BRI R RS R R

[l SN2 B R A AR ACRAIE SR J T RIS . Khoi SE5% T SWAT AR HEAF
FE T AR SRAEACE SR AR A X B R AR S A5 o Javan 55 ] PRECIS
R HSPF BEEUIFFE 1 7 B Gharehsoo WL UR Sk M2 b S HXMAR IR B2, 45 R 3%
W, BRI G E 2, iAR R 2x8ib . Lu %5570 F SWAT # A GCM

WimBEHA: 2017-08-15; EiTHHEE: 2018-03-07,

EEWE: FERNEERA LS (51425903); Mgkl B SHH E LG ZOUHHHA (41621001); EZHA
SRBL2E 4T H (41401052) . [Foundation items: National Outstanding Youth Science Fund Project, No. 51425903;
Land Surface Process Model and Simulation National Innovation Group, No. 41621061; National Natural Science Founda-
tion of China, No. 41401052. ]

E—EEE M BRI (1993- ), 2, WEKBA, BLBT A, BN TRKLEDT . E-mail:
lihzh28@mail2.sysu.edu.cn

HEEEER: KR (1974-), B, MW, B, WA, FEMNFERGOK SRR IEEF . K
TR AL 25 A KA 5 PEAG S48 T 5T . E-mail: zhangq68@bnu.edu.cn

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



84 AT A K AR R AR A X B AR TR IS 1403

B FSE T Mississippi LA 5K SGE R Z RIS R, FF45 AR AR AT
BRI PZFERER 5 A A K. 7o, WA - A AR 2 5 i m e, 4y
B 1 ASTE] = H A H J7 20 A AL X AR R 520 .- Tran %59 Mississippi L iiE A HFFE X 4212
OLS [MIHAEZE AL A T T R F X AR 1 52 M i 5E . Thanapakpawin 558 15 #4) 2 R
BEE AR S #2577 %, 35 H] DHSVM BERIAFSE T 22 Mae Chaem i 38 i1 1] Fi
AT KGR, R IRHEME AR A L] . AR 2R RV AE ) 5 K B4 X AR i 1 2
AARBI R R 5Em . PEri MG Mo g SR H SWAT BERUX A i i A TR, &
I b A DS AR i () AB A B R . R G S AR i AR AL sg e 5 i 1T TR G
., W Lorup R RW], T AR ALRIIESE R, i1 Zimbabwe Jit BAEF2 I
AP

XPFHOAAESE, sRERESE™ . S5 TAE S  EOF . Morlet/INE AT 45 5 2:4 il
7K B SR 5 Wi ) Bl A e ) LR AU R . B RV ARl ok SWAT R AU SR 4R Y
B b Y AR XM 20 122 90 4FA A0 1) 21 20 W7 B 7K A 20 AT RE 2 S B0 I B ek ) = 22
S BT i e o e T R R s O R 3 2 B S R W A R 1 s NN A P O
TSN R o TR I A DL ] Y5 X AR I XS 42, 4 SWAT AR RUAR
ARSI 52 N AR, AR IR KGN sl SR A 34 B8 i i AR i e 1
e Li A5 s 2R 00 40 Br T B0 1 e T IX ] 1957—2010 4R oK fiR i A2 ik, &
PR AR A2 it 1 98D R BT RN 26.4% o 1T 25 G S50Vl FH M SRR R 36 43 BT /K SCAE S
FERFIR SO S R T R GE AT, RS A K B B RKOR] TR A B G IR 452 BTl
WA DB EZF . Miao S5%R F /K SCHEAF G & LA AR Ak 32 2% BT ik
VAR PR ARG, T ZRIG S o R KA R A R G N . BRI 2 VAR
25 R K 5 K YR X B AR S R s e, T AR T AR . AR RN e R
VERWFFERS SIS LR A o AR SRR R K AR AL LSS, 30875 FEIK R IR 7T DL S A F s T
FRAEZ PN ZR, TR0 A RT3 B R 6 B i) i 3l /K SC FR 52 . AR SCHEZE T
RUEE BRI . BRI AN ED R 5 /A K (10 H—844 H) 5EKAKE
AR (5—9H) MiZssets, RIBPEAFERRAN N 21 DA AR, B, &
b T RS AE RN K 2 S NS S AR T AR AL R RE IR, A BT K B A B
TR L BEUE AT R A F P2 LS AR S

1 WF5E X AN

BT S 464 km, WU AL 79.5 T km® (P& R IX AL 4.2 7 km?), T
WG K 95°53" ~119°05" E. 32°10" ~41°50° NZJa] ([&1), @4 sl e
PUEBI I RG, RBEREK . 78K . JEARRIR M R 22 AR, VORI, PYERHE
DXCHCEE T 5, AR b D 0 e A5 o S P RSB R BT LU o T 5 BT 5
FIREIRIE S, IR/ b X AR R K B AE 200~650 mm 2Z [i], ZARARF-44 7% K AE 700~
1 800 mm Z[H] . B KEE HH A AT, 6—10 A BIREK & (5 241 65%~85%,
R FER AL T—8 H o MR b XOCATHIR 7R, Rl A7 R i 1K,
WM IEE HEHL 1 553.2 7 h’s BLAh, E0 R RIS | X b AN 656 J7 hm?,
FAREBR IR Z) 247.1 77 hm', 330 a il B/ iE S, 2015 4P B S /A 5 4
370 )5 to B MR EEERW X Z —, WEF A S 2E 14%, SEEX )

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1404 (SIS G S S 33%:

B .
o Bikitig  AKSOER EWERARKRE (T il R
A0°N | A KOG R w2 e sk
® Sk O] E R i
— EWKR g

35°N

100°E 105°E 110°E 115°E

1 B K SOk AR K X R

Fig. I The catchment areas of the hydrological stations in the Yellow River Basin
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Fig. 2 Trends and change points of streamflow series during the growth period of wheat and

growth period of maize and soybean at the five hydrological stations in the Yellow River Basin
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Fig. 3 Modeling of different flow quantiles during the growth period of maize and soybean at Huayuankou Station
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Fig. 4 Dependence of the parameters of the gamma distribution at the different flow quantiles

during the growth period of wheat and growth period of maize and soybean
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Fig. 5 The impact of cropland changes on the relation between rainfall and average streamflow at different quantile levels

during the growth period of wheat of the year 2005 and different reference years
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Fig. 7 The impact of cropland changes on the average runoff at different quantile levels
in two different precipitation states during the growth period of wheat
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Fig. 8 The impact of cropland changes on the average runoff at different quantile levels
in two different precipitation states during the growth period of maize and soybean
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Quantification of Fractional Contributions of Seasonal Changes
in Climate and Cropland to Streamflow Changes
Across the Yellow River Basin

LI Hua-zhen', ZHANG Qiang’, GU Xi-hui’, SHI Pei-jun’
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3. Department of Atmospheric Science, China University of Geosciences, Wuhan 430074, China)

Abstract: The Yellow River is important water source in Northwest and North China. It is of
great significance to understand the characteristics and causes of its streamflow changes. In this
paper, impacts of climate changes and human activities such as cropland changes and water
reservoirs on streamflow variations at seasonal scale were thoroughly quantified using daily
streamflow data, daily precipitation data, cropland data, and information of water reservoirs in
the Yellow River Basin. Firstly, multi-year trends of streamflow and change points at seasonal
scale during 1960-2005 were evaluated, and then the streamflow changes during the growth
period of wheat and growth period of maize and soybean were estimated by Generalized
Additive Models for Location, Scale and Shape (GAMLSS) model. Besides, two different
precipitation scenarios were proposed to elucidate the impacts of changes in precipitation and
cropland at seasonal scale on different streamflow components defined by different percentiles.
The results indicated that: 1) The change points of streamflow during the growth period of
wheat and growth period of maize and soybean at the five hydrological stations in the Yellow
River Basin occurred during the mid- and late-1980s and early 1990s. Except at Huayuankou
Station, the streamflow in the Yellow River Basin was generally in decreasing tendency and the
decreasing tendency at most hydrological stations was significant at 95% confidence level. 2)
Based on two precipitation scenarios set in this study, the streamflow during years with high
precipitation was always higher than that during years with low precipitation, implying that
precipitation still plays the critical role in streamflow changes. The impacts of cropland
changes on streamflow were related with both changes in precipitation and the percentiles of
streamflow components. At Tangnaihai Station, the increasing cropland increased the lower
quantile of streamflow and decreased the upper quantile of streamflow during the growth
period of wheat of high precipitation years while did the opposite during the growth period of
wheat of low precipitation years. Results of this study can provide theoretical and practical
grounds for water resources management and allocation across the Yellow River Basin.

Key words: the Yellow River Basin; streamflow variation; trends; seasonality; GAMLSS model
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