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Abstract: Under the background of global warming, the climate condition and underlying surface conditions of the Yellow
River and the Yangtze River has changed significantly. Simultaneously, the intensification of human activities ( e. g.
urbanization, industrialization, grain for green and irrigation, etc.) has led to changes in underlying surface condition,
which further changed the distribution of precipitation between evaporation, infiltration and runoff, thus affecting the
hydrological cycle process. However, the change of climate change and underlying surface conditions jointly affect the
watershed water-energy balance, and quantitative analysis their influence in different climatic regions is of great significance
to the study of water balance and energy distribution of the basin under the changing environment. most of the previous
studies only made qualitative analysis, and few studies focused on quantitative contributions. In addition, under the complex
changing environment, the study of the changes of hydrological processes in different climatic regions and the influencing
factors are helpful for the profound understanding of the change characteristics of hydrological processes in different climatic

regions. Based on them,The Wuding River Basin in arid region and the upper Han River in humid region were selected as
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the study areas in the study. The time-varying Budyko parameter was estimated under the Budyko framework. In addition,
the attribution of the evolution of the parameter was revealed quantitatively by the stepwise multiple regression model,
sensitivity and contribution analysis. Moreover, a comparative analysis was made between the arid and humid regions. The
results showed that the Budyko parameter increased significantly from 1970 to 2013 in the two selected areas with different
driving factors. The dominant factors driving the variation of the parameter are different in diverse climatic regions. In the
Wuding River basin, the parameter is highly sensitive to precipitation and vegetation coverage (NDVI) , and the variation of
the NDVI dominates its variation (the contribution rate is 89.5% ). However, in the upper Han River, the variation of the
parameter is more sensitive to temperature, effective irrigation area ( EIA) and NDVI, and among which, the EIA
dominates its variation (the contribution rate is 83.1% ). In general, the change of underlying surface is the driving factor

for the change of water and energy conditions in the Wuding River and the upper Han River.

Key Words: changing environment; water-energy balance; NDVI; sensitivity analysis; Budyko framework; attribution

analysis

B 725 AR AR | TR TV B X 0 2 T 90 52 A IR, 6 A K5 3 (Al e, Tl
s AECBIES BRidS AA FE ) A R IR, 750 0 2% 4 2 s, TS WM K 1 36 % F 9B
R G 43, TSN AR SR B ) 0 T 2 B PP S8 — 2 32340, 11 1999 4R LUK 52
B 7K R TS S P 55 2 T RS AR, SR W 56 25 W % , (1. A 0
D>, WA 15 R B V28 0 25 T 2 {1 KT I 22 41 DR S, M b VT3 B T B X 28
VPR D B KUK TR R 2 R T AW 20 AP L F 35 5 DAL, 1 26 A ik
FREE , WO X SR Sk B 078 RS OB PR 22, A B VR Z AR )10 X K S 8 72
TLHFAE

A T AR P 2 P R WA K SRR 9 S 38 Bk M 9 2 0 0 R K A 2 207
SRB RN ST SO RN R 36 P RS 75 2 B 2K SOBURBEABL N Budyko /K448 4
BT KA R A RO K SO B EL X A KO R B B R s e, R4
FETERRIRE ) 1T Budyko AR A B IR 6 5 27 W B H AT 19 2240, (B0 AT — M B
ELPFST AL BACHET 0, 0™ 02 BRSO BFSE ) Patterson %51 i1 Budyko B8 I A T 405
LA NI B0 2 [ R PP A8 TR A s Xu 281 36T Budyko B3 RHE 0 HEUR 0 O/ N AF T 0
[FI43H7 ; Huang %57 ] Budyko B8 A1 SVM S b 1005 FILA KV SR H 3028 0 Tk s ke 21
ST Budyko J , BT 38 4~ SR T 4 S 0t G0 G2 W Pt AT T 50 BB 407 e A 250 S T
Budyko HES, (55 T 350 I1 60 80 A0 Pl 45 B S R 22 B 80, 0 7 A T 0% A A A K35 B i
LR s ERIET Budyko HEALMIBFSE £ B0 M FARWLA0 5 KL 407 00T TF /KA T 5 B8 1 1 ), T
S6F Budyko HESRAS B HUBFITHE | MR BFSTHITF IS Budyko HEARHUKHHE & 240 n 1 UFINBIFIE, I
S AR TF Budyko KEZRERIE 510 FIRORIFGE | FE 48 AT 19 /K S 2 280 B0 A 2 6, A G
AR FARFEE  FLIEI T ST A P P A AR BRI A PR 1 725 1, 0 06 5 BB A 0
K AR A R AT 1 2 SR K SRR, PRI, A SCHRE T 28 (LB T B B & B0 n 1 312
A (LR RN T A8 AT A A PR A 75 A L S B ISR, T 5 AR X R
(A A% AR T RECHTRE P A FE SRS 0 KA AT TR I R 0 8 95t 7 S o 0 X 3077
X AT

5 IR KA AR AR A 26 P RS W B — B 2 i B, % T, AR RS
B2 95 5 5 LT 4T 26 P A P e A1 AW b —— T T R SUUT Lt i IFGEe , A455F  5 0
IR VA R A S, 3 e 78 2 4 T R S PSR S 50T, 2 L 7 K R A o) 25

http ; //www.ecologica.cn



24 4] AL A TSR DX AR K PR S SR A A B 9807

AREGYAPA , IR 55 P DA BT, 8 A [R] A X R SR PR3 AR A 2R -5 X1, IS 48 2R i) S i
ARG SO R BT 8 S IREOK FEIR G BT AR T A AR 25308 i D AP 4R SR B

1 HARRFSHE

1.1 B8 XA

TC R T i Sl T ] 1 2 T X ) e R SO, A TRV A L, RIR T B A Tl A s,
YE OKNR EEAEAE B N BT ORI, JoE i 42K 491 km, FdS A AR 3.03 7 km? , It ok B A
AbF 37°02'—39°00'N, 107°47'—110°34"E , Jds i 1 4551346 4 L Z K S, 8K AL R 2.97 5 km®, 0 3E -
PIHORE 1.8%0, WIS E TR KRBT 22 TR RAERA, S EIR N 8.9C , 2RV K &
4 369.9 mm, HFE/K A5 0] 5370 0 [ 7R B ) PH AL, 4F 9 3 A il A

PO SRR R A S0, R IR TS R RE , T B ve Al b, F R i g B IC AR, DU
FU15.9 5 km® , T 21K 1577 km il % 50 L oA F0E 3 BE, PHEOLL R BE, W 925 km PRI B4
St T 270 km BPEELL R R R WE, K29 382 km, IR TAL 4 31°417—34°117, ZR 45 106°05'—109°
22" Z 0] AR SCHR LS R LA DU 1 i A2 X3, % X sk 42 4K 426 km, 42K TR 3.86 7 km®, s <M
J& T TR PR KU 2T DU 53 B R e, TR AR TR 13.4°C, 2 BB K i 912.4
mm, 70% F2 47 (IR K SE e 5—9 H

Ffe/m
o 701823

A }
/ “
™ { My
. Y
B o {
\ {

o

g 732

-

o KR
A IK3CH
£ — Wik %

0 600 km

T fE/m
w3428

%257

| | |
106° 107° 108° 109°E

E1 #MREXMEME
Fig.1 Location of the study area

1.2 Hdikii

JCSE AR 1970—2013 48 1152 1 K SCal (8 A28 e WL 5 435 Dt 8T B ] i ok SCAR S8, R B R IR T v
GRS RR LR IS T 43 (hup -/ data.cma.en/ ) $EEK 4 A58 CRBR 1L 2608 39300 ) (93 T 4102
Brllade | E B ORI (P) L AP R(T) B R R (7, FRAESR(T,,) XN (RH) -
HIXGHE (uy ) LK H IR (S) Bk, JH ArcGIS 10.2 ok i 48 25 00 T FUHE S5 BCH 49 0 TR K

LT, - P4 DRl 22 BRSO, O 3 e U5 K VT8 K SCAP 5 S BRI O A~ 4 4 (g
PH BRI RFT DR R AR LB R ) OF TR AR SR SR IR T A 3R PLTL T,

http ; //www.ecologica.cn



9808 JAE = 41 4

T, RH .S K u, GO, [FIFER FH 28 A% 2 00 H AL PR TR

ABIFFE T B0 A 1 7 5 95 B (NDVI) J2: iy 56 Kl £ KSR KA1 Global Inventory Modeling and
Mapping Studies Normalized Difference Vegetation Index 3rd generation ( GIMMS NDVI3g) PR AL BiE 8 25 B
A 1982—2015 4F, SR 23 B3 AN 25 (6] 43 3R 430500 4 15 d F10.083°%0.083°, A3 4K i AL (ETA, 1000 hm®) %
BTG R E M, &R T 22 0 80 B LAZaa 4 B DX T AR 3 IR 2% 132 | P ofe AT 5 i Sl e 4%
A YA AR, B 4 25 A8 I ST G SRSKORT RIS 2 5 T Sal ) A7 25 IR v AL

2 MIRAE

2.1 TR R

FRTH T 28 80K (ET,)) 76 E2A R E 2 RS B Gk D R gi Akt Ho,
Penman-Monteith ( PM ) 7 P ELAT BBl 40 AL A 1T B 36 A FEDHRAR L 4L (FAO) HERE Y™ . AR SCR T B 2 Fh
SGHEZE,IFZ Shuttleworth T 1993 4EEIEAY PM AT ET,", BARAUNF .
100_R”j (1)

100

A S (MI kg) sA SHHIFIZK PR 5 TR B G R ITARER (kPa/C) 5y M TR EL(kPa/°C) s R, 4R
FHMIm™2d™") ;6 A HIEHGE R (M m™ d™") ju, 0 2m EAFIRGE (m/s) se A2 KM AIKIEE (kPa) ;R, N
AHXRSE (%) .
2.2 BT Budyko HEZLE S H n

Budyko HEAL R SLPRZEIUAR (E) 2K BERL 264 (FEOK , P) FIRE S I 45 25 1F (W TR 28 BIUK, ET, ) YL [R]
BT, sk P AN ET, Z MIAFAEARR A e R0 Horp 2 T RAICE i S 0 L B 20 o A g b 2 W3
SN K BB AR o iz Y AR

E ET. ET\"|=
R C e b P i (2)
PP P

A n HUBUK ARG P01 S50, 52 T BRI AR A SRS R | P 2 T 2K B
AF(2) 1 E i K AT RSB
E=P-R-AS (3)
P E N 2R SRS UL B (mm ) 5 R W Z AR AR i (mm ) 5 AS St K A2 A (7R 22 4E I ) R
JE B A AT N 012 MO 5 a AR I ST D 0 kI E) |

EELS a RS 1 K S B VNG POE (ETEAE A i ABCE , BT ARE fe /D — ik 4l & H—4> n H
FARF WS Sh BT O ARG K AR A P S UE D DU B I 3 0 n (23R, BT A5 310 0%
AR K AR S 1 R S EUFP 8
2.3  Mann-Kendall #3567

Mann-Kendall B3G5 FR MK 16055, 2 —FhAESEG0G Rk . h T s i A2l T,
PRI AE K S R A SR A 58 )2 B o ASWF9E R ] MK 325 0 K A G 45 S8 n AU EER AT 44
AT ST, MK SEE G HE Z RS, 5 B E MK 0.05 B, 251 Z1>1.96, #0751
HAT oAb Z (HAIE s 7 41 2 E T T Rt 3 BT A 2 22 30k
2.4 BAZITANERIHKIE (SMLR)

SRS s AT T R R AR 3 K A 45 T SRR R AT 50 R O 2D 2 T8 AR R ( Stepwise
multiple linear regression model, SMLR ) &3/ B A8 S8 n 55 MM NI R F AR N R, B — s
JIT A AT RE Y PR A d AR AL SRS K A IR  TE DRI 2 85 2 M i [T e PR Al e 3R 0 e AR | BV g I At
ST AR A ST 2 A A Rk G T A AR R 22 ALl ST (AR T i n S

A Y
/\ETO _AT’)/(R"_G) +AT‘)/643(1+0536u2) (

http ; //www.ecologica.cn



24 4] AL A TSR DX AR K PR S SR A A B 9809

BEUTRER (P T\ T T JRH S sy ) FUF T 7 (NDVI R EIA) /0 A A2 4 B AR S8 n AR IN S

i, AT AL LA T R
n=ay+(o,x, ++oyx, ) (b x,, +e+byx,,) (4)

At ) MBAEH RN «,,a, b, b, WAZEMBRRZE «,, , 2o ORFERT 5, ,
o, RRTN IR T, B A (4) AR n (VR ABUE , B /D L E 1Y n EVE N SEBRH,
FEEE TR AN SEBRE A B 2 P R (R ) K SMLR B AL A RCR
2.5 HURPES TR

ARV ABE X B AR 7K PR B A2 S8 n XM R T #RT A T A o R A ], AR S P URR A 23 T i
AT 5 5 DX A T B A AL B AR S8 n 952, B AR S n X R 52 M0 [ o, 9 SRR
FHRON S, WS, S n M P B SER L Sz T B F (R, Hat B A s

An/n on X,
Sx":Alxl-TO(Axi/xij :(')TQX; (3)

.S, WIS n MM T (P T\T,,, T, RH.S u, NDVI Fl EIA) YU R KL, T4 5 2, A 50
d " , " o e e
?;i%?ﬁﬁéﬂt n XR800S R, 0 S, >0, WIZRBAZA n B 5200 A 7~ BB T IS G, #7 S, <0, I AH

. S, WL MR TXE n Sk
26 TS
s BEA 45 TR T B4 n ASH RSN, T4 IR S B4 X B T T B0 e R S P B 21 T
BRI A8 PR AR, BT S DR T n ARG TR 2 L PR A R R
C,=S, xR, (6)

mXTA[
R, = (7)

X C NN T X B8 n AR TTRRR (%) s R, 5200 R 1 (9 ZAF R AL A0 s m B BER L T,
AFRE Fsf B PRS2 R~ AR 2 P ) 3R 5 e, DA A O P B PRS2 TR 1 1P 2B
P A S DR S B AR 550 ) BTHRA Z RN Ry A A 5 R 3808 PR 73 2500 n AR A0 STk

3 ZERaW

3.1 S PR A R ST

2 I X AN N AT F7E 1970—2013 AR [RIAAEPRAS 1L, N &l 2 B o % T 5 XA Jo Tk,
Ui R 2 PR SN 7 PE, RH .S 5 u, £ 1970—2013 4E[a] ¥ 5L BT Bk %y, T4 m [K 1 NDVI 1
EIA $45 FFa% WK 2 s LA Y, JoRE TRk S R BRI 50 AR SR a3 X i 453
SR T A B0 G A R N T G 5 T e 3 W A S A A A A SRR X, SO IR 559 X, B T 1hX — IR X % b X 1
IKBEIR A R A 5 Tl & SR i 1 R ) X TR A DO, AR R R R, S R
P .E,.S 5 u, 7€ 1970—2013 4[] 2B T S N7 NDVI Al EIA ¥ 2 FFHE# EIA A 1975 45F
IR R B WA S

SR P MK 32 068 10 2 9 e 3 ALY W e 4l A R A AT B 1w R - A B [ 7 9 A TR A 560, 25 PR 7 1)
PR IAERNE 1 PR,

2 145 ATA T R IX A E R L, R Ey il T B 0.05 ARG, S B E T
Metadh P RH .S AR ER TS, T (T, T, B E A LIS 5 8 e e 25 fris i i 4518 —
3, FHE R F NDVI AT EIA 7 1970—2013 4F 5 B 5 1 _E T3, X 5 Hao 2570 153 H O 45 SR — 5, XTI
T X AL i, R AN w, S B 2 TRt P E N S AN W TR T (T, T 2R LT

http ; //www.ecologica.cn



9810 JAE = 41 4

.15 . . . 800
1980 1990 2000 2010 1970 1980 1990 2000 2010

— T - - SikCoER) —— W R - - QUL R
1200 600 L 1500

. 900 . E s00 11250 E
- F 2 g z‘\g _z’\g
k= 600 g ZE 400 11000 F 5
= 30 % S 300 1750 8
Ay A~

0 200 500

{970 1980 1990 2000 2010 1970 1980 1990 2000 2010

11.0 115 3.0 120
% % Q 1.8 Q
D) 14 5 E 26 £
=3 = ~ ~
% g % £ 3 16 HTI
2 g2 Xz =&
= 13 £ ) 2z
S o E 14 E
= =

% 5.0 12 % 1.8 - - - 112
€ 71970 1980 1990 2000 2010 < 1970 1980 1990 2000 2010 T
£ 031 1072 = 2700 &
g g X X
9027 068 W S B3
%ﬁ; = %ﬁ; . EB 2300 = 3
&® 5 023 0.64 8 5 fﬁ g @ g
B2 22 %% 1900 B 5
@5 0.19 0.60 ﬂg Rl 'E
_ﬁ .ﬁ L 0
E E 3 1500 3
g = :
Z Z = m

Ay Year

2 PARESFEMTEARFELERETEE

Fig.2 Changes in climatic and underlying surface variables in the study area
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