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TR I ) A5 A3 8 RT 43 S AR T ek 1) BO1E R AR A
120 1 B 1Y 45 #4) A8 4k (Hannah et al, 2000; Harris et
al, 2000; APLT 5, 2003; TRBT 5, 2012), 7E HAT
R AR IE ST, Z 85T I T AR
T BUE AL (XRS5, 2013; 184, 2013; 255
M4, 2013), ¥ SOLZE R AL B S AR 3D SR
1M, AR TLAE N o B iE R AR R AR T 45 A AL A
552 B EA BV R 1 HLE 57K 5 IR )
| FH B B AH 5 (Sharma et al, 2006; 2= %145, 2007).
IEAR A3 IR AT N 20 et 2 KRR K SCIX R R
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JE A AR T TAS T s e 1) 66 At 450 i O F AR 4R,
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PR A3 TR AE 0 8K S A ML A AR Ak o 7K Sl i SO
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SN E R WA R0, 8 f 75 DL 4 R
K IEFE S K R TR K 8 558 AN ZET5 sh i)
S, Q0T R By i S AR A 5 NS s AR
AR R 5, 2 240 7K S S K G IR 5T A B
FIME S (R 2 55, 2010; TR0B 4545, 2012), HTT,
TERBUR 22 A2 TS A A8 Ak BB 5T b, 8 S]]
T AE PN 43 e R AE 25 A R 5 W) R Bk 2R 43 114
WD BRI 45 (2012)i8 o Hae SE Az
i RIRAR L SR K 4 R B 5 R 35 R B By
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M 17 - ANAH ] o T8 T e S ) 5o R IX
S, WFFE % XA AR AR PN 2 B2 ek, A B T
R T R AR AT DXCBORBE ) 7K SO e 1 KL
BRSO o AT S S T A A K IR, AR
ok, K —RIK 2B X DY B X R AL, A
PERE T Sl X B AL e YR PREUR e [N
SPECTE SR KR H AR, SR TRk
FIRMIET TG . i T RMUAIT A A K b
FK, B ] S A AR D . et
S AR BRARAR AT | AT AT T A Y R R
TR, BB AR AR N S BCRIE A AR AR
A, IR, BIF ST IR SR AR AT PN 0 B AR AR AR
L g B Al AR A 5 NS S s s A B T
PRI K GRS B, BT, A SCR
SRS AR RPN, 0B AR AR
W BCHRFIE A 25 A2 AR , 32 T R AR e Al
AR (E R AR, 2012)5€ HORMFERT B 1E7E
Jetm Je N1 SR AR T4 N 70 B ARl A2 A Y

2 Bdls 5k

2.1 MARXE

A Ay B AT 3 e K — RS, T & IR T
A NTETR B S BUL, A PSR AR A SR 2 HOR
Ble v KoK, BEVE R EX P9 % RS, I TR OGIEA
T (7K 72 R4, 2008). T A TR 42 K 2 818
km, 37 3% 1 AR 2y 13.5 07 km?, TR A T 340~
38°N Fl1 104°~110°E Z [1] , J& Kt Pk 2 WM, 2=
TR /DI, 2 IR HLA R, B SR AR
RZFER W . WIS H RN -3~1C,
B SR KA 23~26°C (5K 2 F 4, 2008).
TR RN 23 [R5 A A28, oh AR i 1 P I e, 2 0%
FERE N /K FE T, Fe KA R /K B 7E 1000 mm DL L i
T HBIX A A 500 mm 2545 (3K 25 F 45, 2008), I
R IKAE N B R34 FLAR BRAR AR, TR K i 2
A1 65%

R T T A MBI G AN [ DXk A K S 1z 5
FE X IR 4R 34 EB 43« DR KK Sk DL E i
B, A BT R R @k R LK S P E

i, ARV AT R K S R A B EL K ST
i LA it , AR AN TE Tt
2.2 HAREIE

AR ST A L T A R 21 AR Gk i H
{ECES M SR AT |k 1 5 AR ELK Lk 1 1960-
2005 4 HAR LT A o 38 8 SR RN A5 B 7K SCuh i
AR MR G, i 52 2 A AR B A 2%
% & (Monteith et al, 1965), JH LI AR L |
IKSCH BT e B AN 1R . DL LB YR T
o [ [ AR TR BT 2Z i3 ) sk
RISl Rk H AR R BR R ek LR SR A A
BT T =M A,
23 ARFA*E
231 P ESAASRE

ik i —IK LRI Or) |, t=1,2,..,n ;
t=1,2,..,12 i FOREE ¢ ROREREH G
I5¥%, 2011; TR 445, 2012), A

CL0=0.(/3060) 1)
C.(0)=o0/00) @)

s,
0,(0= [0+ 00 G
0.00= 30000005000, 0,(0= 3 0. 2)5n 00 (4)
o= [Sfouo-0uarfz o)
0= 3 0012 ©

K. C,(0) 5 C.0) 535 e T B 5 AR
SIRHG O 0) R ¢4F « H AT E PRI ok
TWREZE Kt 0.0 A1 O, 43l FoR O0) FEx Fly
WA T R R Q.0 Rom A R R
0()=2mt/12 | IR « BF B R M B 5 o(0) 3RoR
AR AR L RN BT AR 2R R A T 2%
O) T s t - H AR TR BTN DL BB A 25 2 e i 35
O, ot [ H AR . PR s e 28 ki |
2.3.2 Jr kAo EIE

S — B 6] P 31 xe(e) B N A s 4%, e —A4 4
E 5 1 P BB 22 T 2 12 SR U ) A i i 3
Gy EN s 2SR T 0 0 BB 500 M 1 () R
HREZE 73 02 51(0) F s2(i) 5 i 55 85 100 22 Si(i) 7]
FIR N CE R ARAE, 2005; B A4, 2008; 2214
452010):
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Fig.1 The Wei River Basin and location of hydro-meteorological stations
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KL Ny NG AN BT 5 22 1 5 AT T I A B
o 2 AT TR S A A 22 S A 5
GV HE TG AT IE R (R A5, 2008):
ﬂl(i)_ ,uz(i)
s (8)

TR , A A A A T30 1 T P 9 £ 2
BRI L T0) S KA T IFRF LA S 5
PERESE P( ), BRI (W7 A4, 2008)

PUD={1-1y, 000 ©)

i SRR AT A . n=4.19InN-11.54
H 6=040 . HH , NERRIZTFINKE, v=N-2,
L(a, by A AR TELBrREL . TS — NI S P,
4 P(Tona) =Po, WITE 2 53 A0 10T 50 53 F B AE AT PR
AIE 22 BRI 750, 15 WORSEA T4 # (k)
A4, 2008) XFAFH A HT T S AS W AT 50T E
UL AR, BT RO BENT 6 (6 Rt/
3 B RO B A3 452 1B 6 JE A8 o fh o, 8 DR 3 4y
F UL BEA RN TIP3, 110 0 5 WA T )

T()=

P IAEAS T A5
WG OLT , P BUE IS N 0.5~0.95, 11 £, 1Y
U AN b /N T 25 (3 RS, 2005) 0 38 15 A W
3 L, RN, BRSSO B[R] 7 B1AS [ RUBE | 1)
5 SR (MR A4, 2008)
2.3.3 ZRHERPRAR LR
A R ZR AR AR A 0 TG ARR AU 5 M AR Y
SR RS 2R R, TR, AR SO AR TR A 1
TIF 5% 8 W 2 R A 28 K i WA AT PN 4 BCRRAE 119
oM o R R TAE N o PO AR v B — ARy i
KA REAAEA ] 8 5 B 59153530 R Sen T S,
) SRR U A v B PR AR AL R Ry (B R %) AN 2K
(10)Fr7n(FFfigh5E, 2012):
Ry, =100 X(Syp - Se)/Sey (10)
[ AT 30 oK 15 SRR i AR ZE R AR
S3 TS T B RPRASAE Z Ro B Rer [T 72
R4 A N 23 B AR v B 8 A Y BTk AR G (AL
R %) I RN N :
C,, =100 % Ry, /Sg, (11)

[FIBE, ARAFAE A8 A XS TR P B2 AR Y
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AR IALAT PN 4 e 4R v B2 A8 A 1 B ik 238 1) 2R A5
NG SRR AR Th BEE AR DTk . THARA R
m=x(12) 7R :

Cyy=100-Cp, - Cy, (12)

[, AT SRR A AR A S N 2R3 Boxt T4
AR N BCAN I &) Z A DTRk R

3 FRE

30 ETRARDEENERENSEHFMLENT

L =Nl

KA & oy E Bk o PoBEE R 0.9, €, HYHL
IR 25, 43 A5 IR A K S 1L DL KA B 1)
FRWAE o B vh B2 178 S T s (B 2) . A
2 ARG R F I A AR EL R TAEIATE 1973 4F
IR, Hor  BRGEAS Rak R Ll T X5 197 A
R P> Po, UL, X AN U 5 048 4R R EE P A1 Y
AR S S R 1973 4F 5 {H A Bl T8 BT X I 14 A
P<P,, HItL , f B3k (A2 T 46 v B 7 9 AN A7 AE AR 5
Ao TRIREHL SR FHIZ A2 nT 2 W7 H T AR AR 9 4
Be A AN 5] R EF AN S Sk SR —HE K
R G IKZ 5 AR T A Y 51 R BT 51 B AR S 5

¥R 1973 4F  iAe B RAEAEAR 57 08

AL UL, 5 SRLL s 5 ARG il 1) S AR AT N 4
BOAE B 5 OR8] REUT AN BIAEAERT P AR A5, A
BURHITCRE P AR 5 . B R R AE T Bk L
P EEANTE R AR K TR, B Ry b XA 20
SIZN, SRR T S A5 REUT S LA
SE L EER AT, AN S R (L S
7K R 51K TR ST A R, HAE T BRI FERY
IKAT — 4338 2 K L A5 OOk FE 2 A T
TR e B, N, SRSk Ul , AR e rh
AN S R BUT A ARG 1
3.2 LNEFRERN S EIFER = THME

2 1 A] 0, TR AT N A3 BC 0 4 P B 5 A
BIS) 2B 2 E R 53518 0.41~0.53 5 0.72~
1.13, HAR 22 B 29 09 0.3, 5 BR VT 4R A4 43 7T A
PR R AEAE, 2012), 1B TAIAR T AE P 4 Be A S o
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2 5 DX I M DX AR JEAF PN A0 B AR AIE 1) 25
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Fig.2 Test of the concentration ratio of runoff seasonal distribution based on heuristic segmentation method
for the Wei River Basin, 1960-2005
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Tab.1 Variation in characteristic values of runoff seasonal distribution of the Wei River,1960-2005

GEiTHRAE A5 R AR RS
FHIETEAR Wi (1960-2005 4F) BRIH L (1960-1973 4F) (1974-2005 4£)
B AERE ettt Sig. Stk A WH  ABERH W ABRERN
P MER 041 0.34 0.22 0.05 2.82 1973 0.36 0.42 0.47 0.28
EIL 053 0.33 2.91 0.01 6.23 1973 0.37 0.41 0.61 0.21
fBH 0.42 0.31 0.43 0.05
¥ MER 072 0.30 0.41 0.05 3.21 1973 0.79 0.24 0.91 0.25
B EILL 113 0.32 2.92 0.01 6.02 1973 0.73 0.39 1.22 0.45
deH 0.82 0.31 0.74 0.05
T : Sig Fon A8 B F KT, G- A8 (0 R G Tt Z (8, AL S ER Y 3. 1L/ Tl i AR 5
IR 1 AR RS R SR AR R S 0T+ 1960-1973 BRI
SEETAE M AR SRS R B EAE 25 L o0 oD RRRA AR e 100

ZEZ BT T, WA AT A AR AL AR A2 AR
FEBHE R/ N T AR R, WAL 28 ZRROE AR 5 P72
AR HTBOFRIATATR N T BC A AN 2] R AU E SR 25 R
B/ NTAES IR o AT T8 AR AR 23 B Y
S AN S R B BT R BT
AT B

33 EENBESBREUSALXEINERENS

BCAFAESE (L By STk 2

A Bl A AR A A 2 B A P S AN 2
FEPINICAL S i ATAE , I f o A A2 AL
5 NFETEH SRR G AT F5K K 13 AR 4R 9 0 T
FAIE A TTRRA . TR RR A, A SO
Rt SBURT IR LR e 28 R AR N 2 IC Y
R BRI ) ZBBEA AR A2 (K 3-4)

FT 1] 3-4 R YR e A T e R RV T 2R
KA N YT B AR T BE RN &) R B B R Y
S I T BRI 95% Y i AR, i
b Y 2 A T8 A B Dy 95% 1) R E MEAG . AR
TLAF N 23 BE R 4R vh B RN 2 2] RECNA E TR
B I T BT BN 95% 1 AR . X TR
FR TR 78 A S AR T B AR N 20 BRI A8 Bt A 7 A
SRAPAIT , AR AT et o AP A 2% Ao A AF AL BE R AR
FebR SRR TAE N A AR IE RS PRIk R 25 VD, i 1 T i
TGN T B AR PN 23 B RS AE (R 22 A SR AR
HORARFAE N 73 BRI AL AL B STk, JF a1
EAR LN 95% Y WA

HRE 2 3 (10) 73 HIR H R ERAR G L B R A K
TEZ8 KA AR N B RO AE P RE 5 AN 50 BB RER
(F2)o W2 n I, IR RGN IR KRR L,

+ 1974-20054F ZFE A8 R AP
- 1960-19734F SR FFERIAE
¢ 1974-20054F B TRAE H
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Fig.3 Trend of accumulative concentration ratio of runoff,
precipitation and potential evaporation seasonal distribution
at Linjiacun Station, 1960-2005
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Fig.4 Trend of accumulative uneven coefficient of runoff,
precipitation and potential evaporation seasonal distribution
at Linjiacun Station, 1960-2005
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AR A1) . (12), RIS AR 5 AT
B RGE AT FK SR 113 AR T AF P 0 Pl 4 fE A8 Ak
B TR R (£ 3). BRI T LLE I, XFARE R Figk
Flisl , NI gyx 4 v B RN &) R0 Tk %
BRTAMEAA . Ho  BTEZ2E K B AR AT
P BC A S AN ) R EGRIMEIVE T , iR RN
FLL A A /4 7 55 A8 A KR T AR R 3
IKTHFERE A E M AZEIE Bl SR AR N 2 e A R AE
(AR IEVE T 5 B RN XHAR AT N 2 B A AR A ) 52
BRZL S TR A B sTikoR . g2 p
U SR T A, A s S BUR AR
P4 AR AL ) B B A IR B A T

4 e Hilie

N T R AR AR N 73 BORRAE A I 25 734
U, LURE B 0 il AR A e NS TR SR AR AT

A FLRAE AR AR R BTRR R, SR IS & a3 B X A2
AR PR R ) R4 T A8 5 2 W, IF iz H 3R
TR RERAE AR L s T TR T T 78 A it
S NG B A N A PR IR A2 AL i DTk, 15
HEEBIT .

(1) TBTI SR AF N A B AR Th B 5N 50 &
B AR AR R Y B T g sk gl LA
TR TSI AR AR N S A R S NI A R AL
S TS P KU A TR N .

(2) FREAS T S Ll 1) SN AR S 4 P 3 B 4
R ORI 5] RBUT SN AE— AP AR S AR
SRR 197345, A Bl 4 Jomt P A8 A5

(3) SAEARAG NS0 Bh5 M W MRS A i A2
AN 4 L AE PR 5 OR 3 R B0 Bk R 4 i ok
27.15% . 72.85% 1 12.10% . 87.90% , 1 X} 7l 5 111 v
1 o7k 2 2 R 39.11% . 60.89% F 33.73% .
66.27%. PRI, TSR IE I b L Y i A S VT i
B, NI B30 T 8UR AR N o B AR Ak ) o 32 22
(B8 5y R 7

2 1960-2005 F RZRER JEMURBEZRENFE NP RFEENRELTE
Tab.2 Change ratio of the slopes of accumulative characteristic values of runoff, precipitation, and potential evaporation
seasonal distribution, 1960-2005

i IS i a] BE Gl el
BRI WA WU /% R ERLR s WUAERE /%

M R 1960-1973 0.34 - - 0.77 - -
1974-2005 0.46 0.12 35.29 0.88 0.11 14.29

(¢354 1960-1973 0.57 - - 0.92 - -
1974-2005 0.64 0.07 1228 0.97 0.05 5.43

W R 1960-1973 0.37 - - 0.54 - -
1974-2005 0.36 -0.01 2270 0.52 -0.02 -3.70

[l et 1960-1973 0.35 - - 0.68 - -
1974-2005 0.59 0.24 68.57 1.2 0.52 76.47

(3] 1960-1973 0.55 - - 0.96 - -
1974-2005 0.64 0.09 16.36 1.04 0.04 4.17

e R 1960-1973 0.39 - - 0.57 - -
1974-2005 0.38 -0.01 -2.56 0.55 -0.02 -3.51

®3 SEEASALBEHNRRFKK LN ERRE NS EFHET U TEHE

Tab.3 Contribution of climate change and human activities to the change in characteristic values of runoff

seasonal distribution at the Linjiacun and Zhangjiashan Stations

i, oA BE 1 TR % X AR Y 5] B DR R/ %
R WTEER SRR N3 [£573] WTEZER gL AT 3
MRGEAS 34.8 -7.65 27.15 72.85 38.00 -25.89 12.11 87.89
kFI 46.36 -7.25 39.11 60.89 58.29 -24.56 33.73 66.27
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Change in runoff seasonal distribution and the decomposition
of contribution rate of impacting factors in the Wei River

HUANG Shengzhi, HUANG Qiang, WANG Yimin, CHEN Yutong
(State Key Laboratory of Eco-Hydraulic Engineering in Arid Areas, School of Water Resources and Hydropower,
Xi'an University of Technology, Xi'an 710048, China)

Abstract: Investigating the change characteristics of seasonal runoff distribution and analyzing the contribution
of the impacting factors will help to further understand the hydrological responses of river runoff to global warm-
ing and the increasingly intensified human activities in the Wei River Basin. In this study, concentration ratio
and unevenness coefficient indices were employed to analyze the spatiotemporal trend of seasonal runoff distri-
bution of the Wei River based on the runoff, precipitation, and potential evaporation monthly time series data in
1960-2005. The Mann-Kendall method was used to analyze the trend of the concentration ratio and unevenness
coefficient at the Linjiacun, Zhangjiashan, and Huaxian Stations; the heuristic segmentation method was used to
detect the change points of the runoff distribution characteristic values; and the slope change ratio comparison
method was employed to quantitatively compute the contribution of climate change and human activities to the
change in runoff seasonal distribution characteristic values. The results indicate that: (1) characteristic values of
the observed season runoff distribution (concentration ratio and unevenness coefficient) of the Wei River show
an upward trend and at the Zhangjiashan Hydrological Station these values show a remarkably increasing tenden-
cy, which is significant at the 99% levels. The risk of drought and flood has increased in this basin as a result of
this change; (2) the characteristic values of the observed runoff seasonal distribution at the Linjiacun and
Zhangjiashan Stations have a change point in 1973, while those at the Huaxian Station has no change point. The
possible reason for this difference is that the Huaxian Station receives runoff from nearly the whole river basin
where the effect of human activities, for example, construction of reservoirs and water diversion works, is limit-
ed. Part of the water diverted at the upper and middle reaches returns to the lower reach of the Wei River; (3) the
contribution of climate change and human activities to the change in runoff concentration ratio and unevenness
coefficient at the Linjiacun Station is 27.15%, 72.85% and 12.1%, 87.9%, respectively and that at the Zhangji-
ashan Station is 39.11, 60.89% and 4.62%, 95.38%, respectively. The main driving factor of the change in runoff
seasonal distribution of the Wei River is human activities, but climate change has also played an important role.
Since the Wei River Basin is a typical arid and semi-arid region, the findings of this research can be an useful ref-
erence for other similar areas of the world.

Key words: runoff seasonal distribution; concentration ratio; unevenness coefficient; heuristic segmentation

method; slope change ratio comparison; the Wei River



