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Response characteristics of runoff to precipitation variation in Tuwei river basin

LIU Jing, YAN Bao-wen, WANG Shuang-yin, SUN Zhao-feng
( College of water resources and architectural engineering , Northwest A&F university , Yangling, Shaanxi 712100, China)

Abstract: In order to study the response characteristics of runoff to precipitation in Tuwei river basin, the response
of runoff to precipitation at different length of time was explored on the basis of the relationship analysis of annual and
seasonal rainfall-runoff obtained through double mass curve and correlation analysis, and a quantitative analysis was made
on the degree of the response of runoff to precipitation changes with multiple linear regression method. Results showed:
(1) Annual runoff decreased significantly, while the annual precipitation decreased at first and then increased. (2) Sea-
sonal runoff significantly decreased, and the variation of annual runoff was in accord with summer runoff. Precipitation in
spring increased, decreased in summer, decreased at first and increased then in autumn and winter. Variation of annual
precipitation was mainly affected precipitation in summer and autumn. (3) The correlation between runoff in summer and
precipitation in summer was the most significant, and the weakest in winter. Annual runoff was relevant most to the maxi-
mum precipitation of one month, which was followed by summer. (4) Compared to the baseline period, during soil and
water conservation effect period (1978—1998) response proportion of runoff to precipitation change was 27.4% , and
human activities and other factors accounted for 72. 6%, 13.9% of which was water intake. In resources development
period (1999—2000), response proportion of annual runoff to precipitation was 21.4% , and human activities and other
factors accounted for 78. 6% , 17.4% of which was water intake. Human activities were the major factor accounting for
runoff reduction since the large — scale activities of human beings. The proportion of water taking increased, and the ef-
fect of rainfall on runoff decreased.

Keywords: runoff; precipitation variation; response characteristics; Tuwei river

Y75 B #3:2016-05-20

EETB : AP R IEABII L 55 2% & 009 4 (QN2009088 ) 5 8 7Y 25 7K R RL £ 315 307 H At 575 e 7 3 dak ke % I8 358 725 s 4 F
7%7(2010 - 3)

EERA R F(1990—), %, IhPE BN W358 48 WF5E 05 o) K S U R FH S 4- 97 o E-mail : liujing111201 @ 163 com,,

BIEESE ™ E 0 (1970—) , 3 BRPT IR, #8082, 18, i AF 5T A 0, 5 2 K B8 IR S5 7K R BE AR 7y T A 9T T4 o E-mail:

yanbaowen @ nwsuaf . edu. cno



154 TR A AT

o535 &

WK ST A AT, W2 K SCFoE
HEADRZ —, RIRAIE R — A Mg s
TG TREK R S50 Tl o e iy g i o
TR ORI R /K A5 IR i 45 3 RV
=, BRI 2 S BE AR Al £ B R AR I 1Y
R4k TRIAAR T A b e Ao RT3 B ¢, AR TR AR
P D DL R R R R . B A S S
TR, — 7 T AR T AR B B A, 55—y T
SN 2 7K O B R A i Ja] 23 A AR A A
AR AR RAR I I T R U, BT AR X K A
AP AL, SRy R AR Ik IR RN AT I Bk DR
TR FZEE T 5l

Fe R T 8 R AL, ik TR T
S B TR R R KA . A5 T4, 7K B 5 e
HASIEENES . Jss N BB IR Tk &35, #r#i Ak
2 Tl B ZE i 3, S 3K [ B At R R Ak T Ak i
S DA 1570 s o B S e B2y S LB i
KHUE AT~ FF & KR TR el 8 2 o A8 1 3k 1)
A RS DR WA I S R R AR AR
]S, TR KA R R o, DTG 538048 Dt ik 2 3 2R 44
Ko HCAMARIRA K L9 6 7™ 5, 78 20 4 70 4E AR
HRIFRE TR R K L3RG, #( 2 2010 48,
TG TR 1 25 1 A2 953 kTG PR 1y 28.9% , 7
SCHIF T 0 7 JF2 10 38 3% 37 X 88 70 7 A 4 i 7 o] L A
TR K R R AR AL T SO W TR S AR A
P R A I S R AT R R K AR A
PP BRI HT T 25 /K SCEERAE 20 22 70 A ACHT S
(A5 . AEAR O R K SO B R S i T
TR AR AL FARE . PN AR pS R
FH¥E 321 . Mann — Kendall 536 2397 T 75 F2 30 7%
BRI AR A A, I AR R E RS R A BT T
A Y BCRRAE 5 X128 55 45100 SR R 443 B B M 6 4y
WE 5o B T 7S R N /K SCE R PR Fn 224y
PEASAFRIE B A R SR A . HiTE
AT 2B TP FE AR AR I AR Al e 3 i R 43T
X AE AR AR Ak 2 S5 DR A B e 20, DB R AR AR
XF K e B RRAE AR A . A ARl 1956—2010
AR TR E ) W 7K FIAZ I S0 L, 40 A 4F
TR KA ASACRAE , B0 T A2 6 AN [ B Bt
IKAE AR R o REALE , I 2 e AT T AR TN B K AR Ak
Ao R R B, SR B R R K SR AR S 4K

1 W5 XA

T R B il A — SR, o T R B
ZALEE YRR e [ P59 S 7 1 VA s e w79 o
TR 3 294 km? o JRIEHLAL PR TR

FHIX BT REEET RS f T2 I A
F IR T HI L, e 200 B . I K = A AR
B W AL AP AL U, 22 4 P4 K = 29 397 mm,
I (6—10 H ) KK & A 24K S 1) 80.5% , 4F
WA ECR AN 5] TN E IR £ 5, R R KL
W, AR LR R I AR ) R . T
WEA BB VDB i K SCRRAE , B 7K Bk 38 N 1
BRI, FE LI RIS L U ANA I, 24
TR A 3.3 40 m®, AR ERE(CV) R 0.26, 1%
TAEBR AN, 4 N 23 B AR X L3R4 5T
2 GORPRIE SRR A

AT ST TR B 2K B B K R 2 1 25
TRl TSRS 10 AT, 5 20 E
G FIUAN 3 I WG i) i A R 11 B 7 £ R E /L IN R 73 )
T A il R 9 i 7)1 ok =S FR R 1956—2010
ARG A R BERE, =N TR S 25 [ 40 AR A X 345
FEABENE S A IR B KGO o SR O 241
TR oK

Nl )
4 AN LN
YijinkyMyoqi ?\J,Fﬁ%
x4 5 . :g”

Hongjiannao lake "
. »
] q
. Malianhe M A B
il Shenmu
N Goujiatkp
‘e W
- Gechougdt .
=) A
. o Gomggaowan
- Tuwei river
e =
N, o
-~ - INCPA
b " Wip ,’
iaoh S *;
ONiallags
&
I BN f’ )
Legend /1 ﬂ £
4 oY
=l TR K.d L Ut gshui
County luy - S =
o W g, ‘_'
Precipitation station Q':A,,l
* JKJ# Reservoir i WP A e B
K3k " B Gaojiacku -

an | |
Hydrological statio Jiaxian Linxian|

1 REAWE®ES |

Fig.1 Location of precipitation station in Tuwei river

T FH A 0 i e 11 Ak 1) v R K S 1956—
2010 432 F 5200 448 0 9% ek o L 45 ) A e e AR D
3253 kn?, (5 4 U S AT PR ) 98. 8% , AT LA B 42 It
WA A A

R £ F R e K SC RS B R ok
S A8 e a3 v g R )32 ELTRT B EDUL Y
FHI5 5 AT AR I 32 M0 B 2 AN 2800 3l R 45 1Y
SoMA, QSR TS S TR/ AR i B K



554 M X1

Al A5 « 75 R T AL AR U X A 7K A2 1 P i o7 R 155

FAS Ak T AR A, PR IR SR FH XL 2R A i 28 3 X 4 o Ak A
BRI T 8, T S it N 2T Bl R AR g R
SRR BRI FEA o R A DG A BT ik i Bl Ak AR
THEAT AT, AT DL PEAS H B K AR I A8 T
TESR R AR 22 e 2 M 0] 5 925 6 R AR A48 0 5% 2 1 U
B, 78 T AT 0 A R AT G A T XS e K F e [ AR
3 FEAKAE AR 7 By
3.1 K -BREXZ—HEST

H 1956—2010 4 75 J& 0] it 3ok A1 Fa 7K £ 5 SE
FEAR TN BRI 2R (B 2)F H 55 R ) Wi el 48 [ /K
~ R R RIR L T R AR, 2878 5540 3
1978 4EH 1998 4,

6000 -
5000 - 1998
4000 |+

3000 -
1978

HB 2 RR/mm
Accumulative runoff depth

—_ %)
=3 (=3
[=3 (=3
=] =]

T

s
£

A

1 1 1 1 J
0 5000 10000 15000 20000 25000
ZRFE K H/mm
Accumulative rainfall

B2 BEK-RRNERMLZL

Fig.2  Double mass curve of annual precipitation and runoff depth
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Table 4  Variation of spring, summer, autumn and winter precipitation in Tuwei river basin
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Table 1  The variation of precipitation in Tuwei river basin
42 Spring K2 Summer 2 Autumn &2 Winter
S ZE/mm gl g ki H. Wokit bl Wit bl
Period Whole year  p ivitation  Proportion  Precipitation  Proportion  Precipitation  Proportion  Precipitation  Proportion
/tm /% /mm /% /mm /% /mm /%
1956—1978 434.9 58.0 13.3 265.8 61.2 101.8 3.4 9.3 2.1
1979—1998 363.4 61.9 17.0 233.3 64.2 61.4 16.9 6.8 1.2
1999—2010 380.4 63.1 16.6 216.4 56.9 87.4 23.0 11.3 3.0
1956—2010 397.0 60.5 15.3 243.2 61.3 84 21.2 8.8 2.2
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Table 5 Variation of spring, summer, autumn and winter runoff in Tuwei river basin
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Table 2 The variation of runoff in Tuwei river basin

HZ Spring EZ Summer #Z Autumn 27 Winter
JL

e RE/mm T gy e il H il e it L
Period Whole year Runoff Proportion Runoff Proportion Runoff Proportion Runoff Proportion

/mm /% /mm /% /mm / % /mm /%

1956—1978 126.6 29.8 23.5 40.2 31.8 32.0 25.3 24.5 19.4

1979—1998 96.1 24.1 25.1 27.6 28.7 24.5 25.4 19.8 20.6

1999—2010 76.0 19.0 25.0 19.0 25.0 22.3 29.3 15.7 20.7

1956—2010 104.2 25.4 24.4 30.9 29.7 27.0 25.9 20.9 20.0

4 FRUX R N 5 2R A

FR A EHAE KM R X R HT

HZEREK - RIA R B (R 3) AT LLE 1
AT (1956—2010 4F) N, B FKFEFR K = 515
T I IEAHOC M OC R B 1 0.719.0. 587,
B T B EKF « =0.001 FIK L ; HB ATk
IR AR BT 51K 0.016.0.098, HEHIE Bk
R K R A AR L AEAR KRR RE 1 ke R 25 [l IR 378 e 0 7

4.1

b, BEEMAF KB TAHSCHER S , R ARE T B
PEREE o

FAE (1956—1978 A1) , & KTk 1 2
W TEARDG, MO R B3 o 0.843.0.717, i ik
T EEKFEN o =0.001 AR, 152 A [EK
(EN N PR X E I N 5 LB UR T E el L 08

K AR %N 4 (1979—1998 4 ), H ZE [ K 4%
AR B ARG, MO RECH 0,721, 5T T
B BAEK-(a = 0.001) (AR50, 117 Bk 2240 ¢ R %K



158 T2 X AR AT

o535 &
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Table 3 Correlation coefficient of seasonal precipitation

and runoff in the different periods

A Bt HE HE P X7

Period Spring Summer Autumn Winter
1956—1978  0.133  0.843"** 0.717°°*  -0.002
1979—1998  0.190  0.721"** 0.521" 0.335
1999—2010  -0.018  0.577°** 0.273 0.320
1956—2010  0.016  0.719"** 0.587" " 0.098

T v, o, % x < IR R BGE N T B A5 KF40.05,
0.01,0.001 FYR5, T [l
Note: *, % % and * * * indicates relative correlation is at the sig-

nificance level of 0.05, 0.01, 0.001 respectively, the same below.

PRI & # (1999—2010 4F ), B4 B F [k 4%

ARG Rt 18 BAE KT (e =0.001) K5,
BRI R A, LB RBORTHE,

X AR B TR A N 2S5 Sl N B g, % Bk 2=
R /KRG FR I TG K, (75 Bk 2 3 /K A28 YR AH O
PR EW/DN . TR SR Tl B, A0
2 T R B M R o — M 2R 7K o B R 5
FEBIRER A R K AR 6 R e B 3 HL AR
FE, H A8 35 IR K i 1 56 2R BB o
4.2 FRRITAEEE R EREATL MWL X R

T

R AN [ B [va) R o 7 AR A 428 3 A 56 1 43 A
(W3R 4) rT LA, TE A BE 52 (1956—2010 4F)
WL AR SR K L ZEREK R — H K LA
KBTI (7—9 H)BEK i3 5 W3 B AR OG, 4R
RS ERR— H KA R B K, 0.848, Ui,
HIAEAR I S iR — A H Bk B A et A, kol
FHIAREK .
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Table 4  Correlation coefficient of precipitation in the different time period and annul runoff

o A , . KRER—TA
HTEX & @é Eé i . = Maximum precipitation ~ Major flood
Period Whole year Spring Summer Autumn Winter .

of one month period
1956—1978 0.699" "~ 0.198 0.665" " " 0.446" -0.057 0.848" "~ 0.794" "
1979—1998 0.268 -0.313 0.525" -0.178 -0.128 0.542* 0.479"
1999—2010 0.603" -0.052 0.619" -0.127 0.418 0.631" 0.418
1956—2010 0.537" "~ -0.048 0.531" "~ 0.330" -0.051 0.658" "~ 0.615" "~

FEWERA (1956—1978 4F) , FF AR 5 B Z K —
AN H B AR 2 IR AR S 35730 2 T 45 e A 7K
F(a =0.001) K556

IR AR RN B (1979—1998 4E ), 427 5 &
7 K —A A REIK LA K 32 0 A K A 56 1 35 H
o TEAREAE KO (o = 0.05) K 5, 1 W 78 3% Bt Bt
WAEARIR -5 A [R) s BE R 7K i 0 AR DG 72 3445 BT Uk
55 (B S iRk — H oK fR et fda e , Hakoh
K2R, 5 KA M D5 e A (2, ASREE AL
EHERL

PEIETIT & W1 (1999—2010 4E) , 4EAR TR S AEFE K |
B ZRE K AR —D H oK 5 Rl g TR E

K- (a =0.05) Ke 5, AHIFE 20 22 90 4R XK LA

SRR R ML T B Ra R (B AE R A
R R AR R Ifa g . Htbiii,
Bt NG sl A N, 474 3% fe ok — 1~ H B§
IR AHDE G R e, Hok B 2P K o

5 AR R AR A R i 10 A JBE S A
FETIRIT VA 1 2 e S B2 K B

KK 0 A8 A AR I 1) A8 A o7 2 — S0, 75 R T 3 4k
BR— D H K GER A . 55 R Tl ik
LT 8+ L X, — R AR R 20, 2 R
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FERAE ] DA RS B it 38 R SRR 7K 1 A8 AL AFAIE
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FET AR SR S5 AT 118 5 o 10 S0 e 7K A8 W
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Table 5 Response of runoff to precipitation variation in Tuwei river basin

TiH Items

A B Period

1956—1978 1979—1998 1999—2010
SEM{E Measured value 41325 30059 21079
R I E Calculated value 38234 36985
Runoff( x 10* m®) B FKJG Reduction water usage 31622 24598
S hE Total reduction 11265 20246
¢ SES MR Influence quantity/ x 10% m® 3091 4340
Precipitation actor FZNA LLEE Proportion/ % 27.4 21.4
MR Influence quantity/ x 10% m® 8175 15906
NRTHEEREE R LLE Proportion/ % 72.6 78.6
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FZW0 LLEE Proportion/ % 13.9 17.4
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