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Quantitative evaluation on the impact of climate variability and human
activities on runoff changes in the Fenghe River Basin
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(1. School of Environmental Science and Engineering, Changan University, Xian 710054, China;
2. Key Laboratory of Subsurface Hydrology and Ecology in Arid Areas of Ministry of Education,
Changan University, Xian 710054, China; 3. Doumen Reservoir Construction Management Center

of Fengdong New City of Xixian New Area of Shaanxi Province, Xian 710086, China)

Abstract: The wavelet analysis and cumulative anomaly analysis method were used to analyze the chan-
ging trends of runoff and precipitation during 1965 —2016 in the Fenghe River Basin. Two mutational
points in the runoff in the Fenghe River Basin in 1988 and 1997 were revealed. And the slope change
ratio of cumulative quantity was adopted to estimate the relative contribution rates of precipitation and
human activities on runoff changes in different time periods. Taking 1965 — 1987 as a reference period,
we obtained the contribution rates of precipitation and human activities to the decreased runoff from
1988 to 1996 which were 37.69% and 62.31% respectively, and —11.92% and 111.92% in 1997 -
2016.

Key words: runoff; climate variability; human activity; contribution rate; Fenghe River Basin

Vol. 29 No. 6
Dec. ,2018

1 s

TR AR F AR K SCIE R G e v oy 3 o 2 —
B, 0f IXIBE PRI | F AROK SRR A 2 28 5 vl 45
SRREHAREZ XY WLk, B S 4
BRI TS S s, AR A A4 T

s B HA:2018-04-08; {&[E] HHE:2018-07-03
E£TH By /KFIEHET H (2018slkj - 10)

FAET T B X AR AL R ST X
DA Tt P 52 T 2 B (1) A DG AIF 5 2 28 IR 7K S 40Tk
O o O S A S BUR O R S 2 R
TR R R AT VAL K B, AU A AR AT
TIAR T A B ST R O 35. 46% , AT Bl X
TSI YR AR WAL B DD B BTRR A 64 54% 5 7

YEE B E (1994 ) 5 VLRI B RF 58 A B9 05 1] R K A= 35 BOK IR SR
BIAEE  JAZEM(1956- ) 55 BRVGEL B Wt 20052, 1 AR 0, W5 5 1) SR K B U5 K BRI5E R 45 K o 8



48 KI5 K TR

2018 4%

AU S S XL L B AR I S I D 2R AT A BT R
B, N5 Bl BT S A A DUV 3t 38048 Tk A8 4k
(A SEMA A, ELJHC X 48 3t 28 1 11 5 i S22 898 K 1)
By SR ZE A AT R SRR AT P ST R, A0
ST AR I 1 s e MR, 7 1972
— 1991 4FF1 1992 —2005 4F J§ A~ 31 i) °F- 2 B ik %
$:3 80% .

TR A VP8 22 T A 4 = R, P 20 AR
TR KK IR b, b6 7 SR XA Pk % e | T
VAL 328 it ARV 722 Sy 388 YT 7 308 T 4 i v
s [ S LS R VAN S0 i R ST Y e R e
FEOE A3 HT B AL R R A A i g 30, DR AR SR
RN A bkt B Y B R R AR
FRHABTR (SCRCQ) ™1™ 4575 1 6 -] i A2 T
fE B H s P AT 04T o
2 MRHRTs ik
2.1 HRRHER

HET A T 75 26 108°35" ~109°09', b4 33°
50" ~34°20", J& J* B i 2 W 1 2 XU, i N
ZARF- R K R 632 mm, FETRTE I,
TMZVEZ AP TR X B, 2K R 78.0 km, i
SRR 1460 km® X HLFE A 8. 2%o0, TT0T i 35K
KZREWNE 1 R,

o KL \
— 7K /% }*¥
[ V2 ST 7 784

0 5 10 15km
— —

1 FFEiEk R E

2.2 HiEKIE

ARSCHEHR T 2% PEBIK 3Ll 1965 - 2016 4F42 R
IR K R B o 2R B St D TR iR A
i3, P A LR 566 km®

2.3 MRAE

2.3.1 AR ANETIE BEhg R
VL BRAF A2 i A S [N 1) KBS A8 AR e . SR
JINE AR Z AT LA B EE TR AR A i e AR A Y
BLJRIHA . AR /NI 7 22 BERT 8] RUBE A AR AL 2 1 1 /)N
e 75 2 AT LA I S T3] 3 R A A28 0 ek 1] 2 47) o
o 5 £ 4% Fof T 1) L8 £ 3 017 100 A R HG 8 2l ) g
T R/NRER R ROBE () 0 A o DR, &5 /N AR e &R
BORI/ N T 22 PR AT LUBA A2 T s AR AR T AR 1
M55 — 354

2.3.2 RAREFx SRR A LIS
b Fsz T gt 3R AT A28 O A S R AR A B B AR Ak
RSy AT AR A 7 1 5 ) e A AR i 1 1) 98 AR AFA7
FCRARAE TR « ST TR AR AR Y S AR
PHE SR G A AR 8 IR AR S i 2 41
(175 30 e A A A O e PO SR, R R AR AR
7 4 V(R ) 9 A A5 30 9T 7 Jm
AEAR TR BB R . AR T A AR Y
LRHEE B2 3] 3 e B AR S i 28, 45 B AREE
gk TR RO BRI R AR AR
it K TFAEAR 1 1 20 4T 341 5 7 BRI O il 2k
I R B RN, AR AR R/
FAEAR R AR I . X RS 3814k BT
X T B A 473 B Ay T S B AR AR U B B SR AR
2.3.3 EBEREHFTEEX(SCRCQ) ZHH
EARPRAS AL R H: (SCRCQ) M A S B 2 B4
Fi i BRRE i S AR A, AR AR Ay A, 4
Tl 2 AS 5 P B A R - AR C R M4k, 2R
Je 7 587 1 Je A B ) R - AR e R
SRl T 22 528 B P g B — AR LR
PR LR 15 2 548 A Ji A B0 G RELE -
ke R, TS 2 ZBURE - ARG L1k S6 &
AR ZE ARG BB A RBR A0 R K, FLK, , AR
P K, Fi K, 7158 ZRERPRA R S, H R A
H

S = (K, - K,)/K, x 100% (1)
D] il R AR G i RER AR LR S, Ry

Sp = (Ky — Kp,) /Ky x 100% (2)
HT s B K i R AR S, Hy

S, = (Kp, — Kp,) /Ky, x 100% (3)
TR R R UL R R R AR S, .

Sy = (Ky — Kg,) /Ky, x 100% (4)

i AR A0 T AT O 3R B O A R R A R
(Sp)  RBFKERRRAR(S,) MR R



56

PN W 5 [ 1D NE S MO R S L MR L R 2L L e )

49

R (S, ) THEE TR S A A2 B 19 5T
BRAR(Cp) R TUR R AR I B BT R (C) AN
RIS TTRAR(Cy) TR 5108 -

C, = S,/S, x 100% (5)
C, = S;/S, x100% (6)
Cp=1-C,-Cp -Gy (7)

A O R AR TR AR

F TR 2 B A R MR AR U IR R A A
B, FUARYE 2 PG X TR AR DR i DR 3 11
WP, T s B A i i A R AR, IR
AR SO SRl S 2 O O A it i AR 5 i, ) 1 3
A7) AR -

Cyp=1-C, (8)
6¢ - ERHE ---ZETHRRE
=
°
~
i
5=
M
RS
0 1 1 1 1 1 1 1 1 1 1
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
£ 45
(a) R EF Rk
& 2
=
=
¥
E
1965 1975 1985 1995 2005 2015
E
3 FEARBEERENESTERSHE
45¢
4.0
W35
N
3
= 2.5F
3 2.0f
5 1.5}
1.0F
0.5k
0 . , . . . , , , , ,
1 6 11 16 21 26 31 36 41 46 51
i 1A R B/ a

B4 FURBERRENMNEAER

% KB/ mm

S
=3
S

3

3.1

gk dr

FRRERERKETWIFE

& 2 Sk 1965 —2016 AFHEIa] i AR A28 I o S A Fo
KEMFEFREAL TR, WK 2(a) el LIE Y, TR
IR 1965 —2016 4 ZAFR 427 R 2.24 x10° m®
AERR I A AR RN, B 10 a AR N
0.121 x10* m’ ; A& 2(b) Ha] LA H, AT 1965
—2016 4FZARFEIRF K 644,73 mm, 4F [ KR B
RSB/ B 10 a #00E 0.072 mm, &3
SRR ARAR L N ST T AT I [ 4 AT
TR /N T 2 255 1 3 FlE 4 AT LR
W AP RAAAE 12 ~15 225 ~30 a LU} 45 ~50 a
SRR R, Horh S F RN 29 a,

12007 o EBRKE ---2ETYURKE

1000}

0

<

<
T

(=)
<
<

200 1 1 1 1 1 1 1 1 1 1
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

£ B
(b) FEARBEFEMN

1965 -2016 FiFAMBERRER FHRAEFEFREN

3.2 ERRERTHMEMERS

MRYEH TR ALY 1965 - 2016 AFRAEAR il i
SRR T8 i 22 il (0 3T i S AT AR o SR AR T iy
L 5(a) Fron, il LL& B 1965 — 1988 AF 3] i
WA AR e BAEE i E Th  H 1988 -
2016 AFFER R BAE 42 U i B AR h 2 R BT B
S, R AR 12 B 0 ] i AT AR i i R AR AR
AEA5 R 1988 AF, FEARHE ATl 1988 — 2016 4FAR
T 1988 - 2016 APARAR I & RAFE T-1H , 2
il 1988 —2016 4FAFEFE i i AT 4 n &l 5(b)
7R, AT LA &SR 1988 — 1997 AF R s AF 42 It i 3R
FREE P M 2 2 BT [ 3451997 — 2016 AF TR TR 4
AR BRE S P E T e izt
SO L Bl A AR O o e AR A B AR A S 1997 AF
P st B A 5% B B4l 43k 3 AT s 3 - A 1965 —
1987 4F,B:1988 — 1996 4F-,C:1997 - 2016 4F. T
H s AE 20 22 80 4R AT 32 B A1 8l (15
MR/, R, AT LK 1965 — 1987 4F 3 — B WA 2y
JEAERA, 1988 — 1996 4F 1 1997 — 2016 4 i A~ Bif #
YERTHE I,



50 K BE IR 5 OK R R

2018 4f

—o— RN E RHEF

ERME BRETHE/10'm’

2 1 1 1 1 1 1 1 1 1 1
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

4
=R
3.3 REGFHAENBNERRERERKES
FHZEBX R

FRAE ST R 430 3 AAS [ st 109 223 S el 37 B2
U — 0y ] el R AR i - AR TEX 3
AR G ZR M2 o3 & 6 (a) A& 6 (b) iz

A1 6 (a) 0, PR R BRI 2 AR =S A R
I 5 4R 0y 2Z TR Y 4EL5 5C ZR 2 0a3)R

A.Y, =2.5308X, — 4972, R* = 0.9938

B.Y, = 1.7833X, - 3483.8, R* = 0.9956

(10)
2.1354X, —4187.6, R* = 0.9964

(11)

(9)

C:Y,

X G Y o B, 100 m’

120

19974

g 100f 19884
= 1=2.1354x-4187.6
m@ 80 R=0.9964
= 6of
H ¥=2.5308x-4972
Kol R*=0.9938 ¥=1.7833x-3483.8
Bk R*=0.9956

20F

0 1 1 1 1 1 1 1 1 1 1

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
£ 5

() ERRERBEEH ZEHXE

& 6

3.4 FRRKEMAXRBINERRETHLHITEE
1A 2 43l T HARR R R AR a2
TR K B 1 AR 38 B AR 1O

H R 1 a0, P el R AR i i - AR Lk
KFRTIEA,B FIC 3 AT RLZ S50 2. 5308 x
10* m*/a, 1. 7833 x 10* m’/a f12.1354 x 10* m’/a;
SR (A) A E, T (B) A3 (C) By TR
I BRI - AR LM R BIRER N T
0.7475 x 10* m’/a 1 0. 3954 x 10* m’/a, &} L5 4k,

--—- e E &

20r (b) 1988-20164F
15F

1.0}
0.5F
oF
-0.5F
-1.0F
-1.5F
2.0

-2.5
1992

ERE BRETHE/10'm’

L L L L )
2000 2004 2008 2012 2016

£ 5

L L
1992 1996

1965 2016 FiF i F 2R E RFRRE T 2k

HIPE 6 () Fi1, ] it s R AR /K B 3 AN [
015 4Ry 22 TB) 406 DG 2R 20003010
A:Y, = 654.22X, - 1.29 x 10°, R* = 0.9984

(12)
B:Y, =564.97X, - 1. 11 x 10°, R* = 0. 9953
(13)
C:Y, = 668.99X, — 1.32 x 10°, R* = 0.9994
(14)

K X WG Yo BRFK G, mm,

PDESUAEXRAMMHECRB REH KT
0.997, Hifisk T 0.01 [ Pearson i 3G | X 32
BT 6 R 4L R B 34, T AR AR 5 2R
it I R R A B T ARG R

19974

19884

2P=668.99x-1.32X10°
i R*=0.9994
L 3=654.222-1.29% 1
R=0.9984

B2 EKE/ mm

y=564.97x-1.11X10°
R=0.9953

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
£ 5
(b) FIREFEKBEFE R B HXE

1965 -2016 F£iFMRERREREMBREKESFERZBERX R

AN - 41.92% Fl - 18. 52% ; 51155301 (B) Al
L, BRI (C) By Tt sk B ARAR T i — AR A 2k
KRB KT 0.3521 x 10° m*/a, RERAFH
S 16.49% .

HH 2 AT, TR R AR K B - AR etk
KRTE A, B FC =AW RS20 R 654. 22
mm/a,564.97 mm/a 1 668.99 mm/a; 5IEMEL(A)
AREE, TSR (B) FO3HE0 ( C) Y 3T 3 i 3R ARk
K — ARGy G O & B R 3 0 s/ T 89. 25



55 6 191

I W 5 7 1D NE S MO RE S L MR L e 2L L e T 51

mm/afIE KT 14. 77 mm/a, 34578 (6 5 5] K
-15.80% il 2. 21% ; 55 4] (B) A ke, i35 )
(C) AT g ol R B K it — A4 e P 56 3R R
HAKT 104.02 mm/a, REFEAELIEN 15.55%
AR (S) A1 (8) T AT A, S5 R (A) A
F, TR (B) B R K o I S0 2l 0 P 30 i el A

AR IR N TR RSB R 37 69% 1 62.31% , i+
B (C) R B AN N 2T BI X 39T 3 38 A% I 2 ik /)
FITTRR R R - 11.92% il 111. 92% ; 53531
(B)AHLL, TR (C) By R K 1 LA 283 30 X0 0]
TR A% i 9N 1 TR R 4 R 94, 30% i 5.
70% .

x1 FURERRRRENERATWE

SRR - A etk EE W, IR B B I
BFIE R Bt DR
KAEARPE/10"(m” - a™)  asfp /10" (m® - a™') BZ/%  Asfpm/10°(m® - a™') %/ %
A:1965 -1987 2.5308
B:1988 - 1996 1.7833 -0.7475 -41.92
C:1997 -2016 2.1354 -0.3954 -18.52 0.3521 16.49
£2 BARERRMABHNERHTN
SRR L - et R, RER I EL B 1A
TR B R
KFAFH0T (' - a™) A fpr/10° (m' - a7) BHR/%  AER/10° (' -2 AE/ %
A 1965 -1987 654.22
B:1988 — 1996 564.97 -89.25 -15.80
C:1997 -2016 668.99 14.77 2.21 104.02 15.55
4 & B (C) AR 7K 7 IS Bl X6 ] g A2 i s/ S )
-

AR AL /B S BT L RARER -
N R R AR R % (SCRCQ) X 1965 —
2016 AF A AR I A AE S H R ) PR 2R A T 40 #T
FELA

(1) FEWI B 1965 - 2016 4 ZAFEF- 442 i 1
H2.24 x 10" m® AEAR B RIS/ RS A 10 a i
A 0. 121 x10* m®, HAFALE 12 ~15.25 ~30 LU &
45 ~50a 3 FERUEE Y A, Hor 25— S Ol 29a,

(2) W4 2R o B B 534 3 AN
A HH: A 1965 — 1987 4, B: 1988 — 1996 4F, C ;1997 -
2016 47, 7EiX 3 AR BRI - AF 0 A R AR
K - FME&ERRAWHXERB(R)H KT
0.997, Hifiid 7 0.01 {1 Pearson i VLK

(3) R ZRERR R AL EwfhE T
SARAE AT Bl AT AR A 72 A Y 52 TR
FREE . S3ER (A) AL, THE BT (B) K & Al
NZETE B8 0] B AR I /N Y BT R 2R 40l Ry
37.69% F1 62.31% , 71511 (C) (B K &8 A
£SO NRE I A R R i A N B N | B
—11.92% F1 111.92% ; 51183 (B) M1 EL, 1153

TR R 94.30% F15.70% . H T 0L, ALK
T SR R A AR I BN B I R

S

(1] BURT, N, I ER, 4. TP X B i e
PHFAE SR N R B[] KBTS K TR A4,
2017,28(3) :36 -41.

[2] 2, i, 240, 55 TAEX Ak i TE T b
TR TR AR AERTFE LT ] KBTS 7K TR 2440, 2016,
27(1):20 -25.

[3] SIVAKUMAR B,JAYAWARDENA A W, FERNANDO T.
River flow forecasting: Use of phase — space reconstruction
and artificial neural networks approaches [ J]. Journal of
hydrology,2002,265 (1 —4) ; 225 —245.

[4] ACREMAN M C,DUNBAR M J. Defining environmental
river flow requirements: a review[J]. Hydrology & Earth
System Sciences,2004,8(5) :861 —876.

[5] TAN Xuezhi, GAN Tianyi. Contribution of human and cli-
mate change impacts to changes in streamflow of Canada
[J]. Scientific Reports,2015,5:17767.

[6] ROUDIER P, DUCHARNE A,FEYEN L. Climate change
impacts on river discharge in West Africa: a review[J].

Hydrology & Earth System Sciences Discussions, 2014, 11



52 P S QSRS S N o 14

2018 4%

(2).2483 -2514.

[7] WANG Yan,DING Yongjian, YE Baisheng, et al. Contribu-
tions of climate and human activities to changes in runoff of
the Yellow and Yangtze rivers from 1950 to 2008 J]. Sci-
ence China Earth Sciences,2013,56(8) :1398 - 1412.

[8] A&, BB, b, 55 AR AL MR S 3T
TR AR A AT L] k)1 +,2016,38(2)
488 —497.

(9] ERlak, 2 ¥, B0 W] e 0235 S0 8] iy X (0]
AR TTER AR ()], MBI SY,2013,32(3) 1395
-402.

[10] SRR, ARVUTE, TS, 55, RTINS S iR
IR i S8R AR VAL Sk 5 e Y E R PEAR [T ], BRI AR,
2014,36(11) ;2256 -2262.

[11] & %, Bhpf—, 48 &, 5. SRS sl DU
iR AR AR s AT [T ] KL 5 KR
B ,2017,15(1) ;1 -6.

[12] 38225, Wit eg, o ok, 55 TR U2 1L 5 3K
TGS AR R B B e A [T ] PE AR R
FAR (B RBFFIR) ,2014,42(8) ;212 - 220.

[13] ZEFR0E KR/ b i e, 45 8T AR A I i A2 A s 3

LHFZM AT [T ] AL R 224 (1 IRBR R
2009,45(1) :80 - 85.

[14] RAN Lishan, WANG Suiji, FAN Xiaoli. Channel change
at Toudaoguai Station and its responses to the operation of
upstream reservoirs in the upper Yellow River[J]. Jour-
nal of Geographical Sciences,2010,20(2) :231 —247.

[15] ERfidk, Bl =8, B0 W1, 4. ST B K AN 21
BRI AR A Y TTRR AR T —— R R AR R
PRI IR I R I [T ] P24, 2012,67 (3) -
388 -397.

[16] FEEH, ERELE, 75 1. BRSNS S8 B TLAR
AR TTRCRLT ). ARBTEA 4, 2015,30(2) 304
-314.

[17] X 4, B FE SRR TN A gl 0] 3 ] L 307 4% 370 52
m AL T]. AR ,2013,35(9) :30 - 33.

(18] BLIRAL, o K, &) 2, 45 SRR AL FI N2 3 % i
T S A L B R A [T ] K ) A e R
2016,35(9) .7 - 17.

[19] ZefEms, trasss B R uL, A5 . A AR s 0 18
MREAETR AR L] AERUE R 2 iR (A AR
fiR) ,2013,49(2) . 115 —123.

(EEH 46 )

(7] SRR, SEE T, 4% . 3T GOCI AR R AT B I )
MR a S REMUFFRITL] KBRS K TR,
2017,28(2) :26 —32 +39.
[8] MASKREY A. Ddisaster mitigation: a community based
approach[ M ]. Oxford; Oxfam,1989.
(9] XI5|RY, s MEse, 5k F. VBT TPy B i K oS e XU
T[T ]. KB 57K T AR ,2015,26(3) ;51 - 54.
(107 3 R, 38 & 3L 7748 A ) U B 5 Vi 35 RIS 3 A
[J]. PREELFAREHE,2018,8(1) :65 - 70.

(11] X 2, CER M, % SIS T Bt 4 K
BEURMESS TR [T ], KBS K TR 4, 2017, 28
(3) :82 - 86.

(12] & Bl , B 0, 4. =l i X 2K B A i A

A5 B A 75 KUK T AS [ )] BSR4 B 5, 2017, 30
(7) :1031 - 1040.

[13] ™ 9%, %0y, sl ta T, 45 855K ik X /K I e A PhACs
1 YIKOT ARSI PTAG [T ] SRR 20 5 ,2013,26
(11):1178 - 1185.

[14] F b, bR 5T 38 BB AR 09 10 7K 5T 2 500 A
FLLER[T]. 2BkEN £ Y ,2013,38(1) ;57 - 61 +72.

[15] £ 52,4 Bf5, TEFE. /KRS58 % S T ik
LT]. PR 5704 ,2010,2(6) <27 -30.

[16] XUANFE, a3 8. K B R W oy e e [0 ] A
W95 % ,2005,27(5) :40 — 44,

(17 JB 3. W7 VLA DR R 7K 7K 2 7K B e A8 B RV 3 IF 5%
[D]. HiM : HiTK2%,2014.



