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Change trends and driving factors of base flow in Kuye River Catchment
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Abstract: The variation of base flow is a comprehensive reflection of the change of regional climate and human activities,
and it is an important element to maintain sustainable development of the ecosystem. In this study, the Kuye River
catchment, a tributary of the Yellow River, with a drainage area of 8706 km’ on the Loess Plateau, was chosen to
investigate the change trends and evolution characteristics of base flow. Based on Chapman-Maxwell base flow separation
technique, the total runoff from Wenjiachuan hydrological station, which is the maximum control station in the Kuye River
catchment, was separated into surface runoff and base flow. The nonparametric Mann-Kendall test and the Pettitt test were
used to identify the trends and change points in the base flow during 1959 to 2005. The results indicated that; (1) In the
past 50 years, a significant negative trend was detected in the annual base flow in all 7 time periods. For total year period,
the average change rate is 0. 628mm/a. The change points significantly occurred in 1980 and 1996. (2) Analysis of flow
duration curves showed that, compared to the contrast period from 1959 to 1979, the relative changes of annual base flow

for 5% , 50% and 95% exceeding time were lowered by 30% , 38% and 54% , respectively, in the treat period from 1980
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to 1995, and the relative changes of annual base flow for 5% , 50% and 95% exceeding time were lowered by 57% , 68 %
and 100% , respectively in the coal mining period from 1996 to 2005. (3) The significant negative trend in base flow is a
comprehensive effect of the change of regional climate and human activities, and the main factor is that excessive

exploitation of a large area of coal resources and utilization of groundwater.

Key Words: Kuye River; base flow; trend; change point; influence factors
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Table 1 Accumulative area by the soil conservation measures in the study catchment

AEAry 6 H Terrace MK Afforestation FhEL Pasture Hh Check-dam

Year /km? SP/% /km? SP/% /km? SP/% /km? SP/%
1959 5 9.26 27 50.00 22 40.74 0 0.00
1969 33 17.93 97 52.72 52 28.26 2 1.09
1979 66 11.02 415 69.28 110 18.36 8 1.34
1989 67 4.67 1004 69.92 353 24.58 12 0.83
1996 99 5.89 1184 70.39 380 22.59 19 1.13
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Table 2 Results of trend tests for baseflow variables by Mann-Kendall in catchment

N ALV Annual base flow AR 5 Change point
i1 51 — — o
Time-series Test 7 WEM AR R 0 Year e e

Significance Slope (B)/(mm/a) Significance
£4F Total year -5.78 * k% -0.628 1980 ® ok %
# 2= Spring -6.22 L -0.162 1981 ]
HEZ Summer -3.74 # kK -0.212 1988 ® ok
#ZE Autumn -4.95 ® ok -0.196 1985 ® ok
27 Winter -5.26 E ok -0.050 1980 E ok
T Wet season -4.66 R -0.367 1979 * k%
ETRIA Dry season -5.94 L -0.233 1981 ]

# * % P<0.001; * * P<0.01
400 - 1400 = 0.026x + 688.768
g R2=0.9916
E 1200 +
200 g 0.056x + 238.47
[ el = 0. K
2 c loor 7 R= 39984
7 % o e
= Al
g o 800
7 w2 \
S 0t i“g 600
(=1
oo} k g
= o 400
® 1980 g
-200 | \ 2 200
g 3 =0.080x + 12.601
3 o R?=0.9984
0 4000 8000 12000 16000 20000
_400 1 1 1 1 J =N
1960 1970 1980 1990 2000 2010 . ifﬂfﬁ%ﬂ(; .
Y Cumulative annual precipitation/mm
ear
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Fig.4 Pettitt’s test for detecting a change point in annual base Fig.5 The double mass curve of cumulative annual precipitation

flow of total year period and annual base flow depth in catchment
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x3 RETAHRBEREEF.F FKFRBRENELER

Table 3 The relative changes represented by daily base flow curves in high, midean and low flows in 7 time series in study catchment

AERT AR A, 44F Total year HE Spring B Z= Summer ZE Autumn
Relative changes
s2 s3 s2 s3 s2 s3 s2 s3
AQbs/ % -29.5 -56.8 -20.7 -43.9 -19.1 -54.0 -29.8 -60.8
AQbsy/ % -37.9 -68.3 -40.7 -61.9 -38.7 -78.0 -40.9 -67.9
AQbys/ % -54.4 -100 -65.6 -95.6 -100 -100 -42.5 -79.3
N &7 bl | BN ]
X A2 Winter Wet season Dry season
Relative changes
s2 s3 s2 s3 s2 s3
AQbs/ % -32.7 -58.1 -25.4 -65.2 -24.1 -44.1
AQbsy/ % -32.2 -58.0 -39.7 -73.5 -34.2 -63.1
AQbys/ % -11.2 -48.0 -67.6 -100 -15.8 -55.8

$2: K EARFFREN ] Treat period; 3 I KW Coal mining period

Hax 6 A-WF B AR s> 25 AR K, Bk B BT A H B b i B I 2 5 (£ 3) .
SIEAENIA EL K RO ) H B3 B AE 5% SR D 20% —30% ,50% 45K /0 30% —40% ,95% AR
B 15% —100% 5 5T &) H BB AE 5% FRIE D 50% —65% ,50% A5 RI8 /0> 60% —T75% ,95% Hi % di /b
50% —100%

R T 24 MR H IR AR AR Gt T ] K A AR R B R AR T 0] 3 A4 Bt S 3 4k
7 A BRI 1 K IR B Qbs/ Qby, ) FIREAKFERL( Qbos/ Qb ) , UNFE 4 Fi7s . NF 4 W LIE I, Hill 7 40
B i AT 3] /K A CRAER0 3P 0 AR e T R 3 R A 2 0 T KR IO R, A K R B0 N ) AR FRRRAE , 3%
HH S 3 PN KA T B K A T Y e AR,

®4 w7 AEBREFEKERRKIE

Table 4 The high-flow indices and low-flow indices in 7 time stages in catchment

- 2 = e bes
EiRAe Total year Spring Summer Autumn
Indices
sl 2 s3 sl s2 s3 sl s2 s3 sl s2 s3
AQbsy/mm 0.06 0.04 0.02 0.09 0.05 0.03 0.04 0.03 0.01 0.09 0.05 0.03
AQbs/ Qbs, 4.0 4.5 5.4 2.3 3.1 3.4 8.8 11.6 18.5 2.6 3.2 3.2
AQbys/ by 0.19 0.14 0 0.21 0.12 0.02 0.08 0 0 0.4 0.4 0.3
B s ] T
A Winter Wet season Dry season
Indices
sl s2 s3 sl s2 s3 sl s2 s3
AQbsy/mm 0.03 0.02 0.01 0.07 0.04 0.02 0.06 0.04 0.02
AQbs/ Qbs, 2.3 2.3 2.3 5.1 6.3 6.7 3.2 3.8 5.0
AQbys/ Qbsy 0.5 0.6 0.6 0.1 0.1 0 0.3 0.4 0.4

sl FEMEHA Contrast period; s2: K L ARFFAUN W] Treat period; s3: #EAIF & W] Coal mining period

4 EFTRSERETRHIERSHT

FLRZEAE AN R N AR 22 5 R 3K SCR ARS8 AR, R 23 B I a8 T ) 1 R T A 8 PR I, A
S IR) ROBESR A Wt delot 5 e 350 | - S o B b i 2 e ) S5 55 R 2 AR LA 2 2 Ak (ELU BT ) 1 7 k40
LU R D AR AR XA SRS R AR A MR S A B E A SC R, AR
BT ER E K  FE E ZR HOR IASRR
4.1 fraefe

R KR M AR A AR T, o B K B EZEAMR IR, A ZRAROL T, s L K8 At Bk 1) 23 A5 5 W K A A
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B RIFXTROCR ™ JLHORAE T T 5 X FRK 1 5 A8 B 23 I B RN AR I 3 o W3 3 N
AR R K i 5 AR R AT, N3k 5 B,
®5 REIHAFERAESERENSITE

Table 5 The statistic of annual precipitation and base flow in the three periods in catchments

i K Precipitation FLI Base flow

Periods K Amount AQ, AV, K Amount AQ, AV,
/mm /mm /% /mm /mm /%

FEHEHA Contrast period 413.10 — — 33.61 — —

K EAREFFRLRIN Treat period 373.03 -40.07 -9.70 21.43 -12.18 -36.23

SRR FF &3 Coal mining period 358.31 -54.79 -13.26 11.43 -22.18 -66. 00

AQ, :F%/KAEfL & Change amount of precipitation; AV, ;[%7/KAE{L# change rate of precipitation; AQ, : 3 AF fL & Change amount of base flow;

AV, SRR AR LR change rate of base flow

MFE S ATLUE H i T s S i e 5 K S A B R 2D L 3 A3 (R K - R RERO H A
PHEIRTT 2 30 FL i B 4 22 A R4 R £ 20 591 413. 10 mm 373,03 mm A1 358. 31 mm , Z4EF- L5405 N
33.61 mm . 21.43 mm F1 11.43 mm, 53EMERIAH EE 7K = AR4F I FRE 5% T & 18 1 4 7K 431k 2D 40. 07 mm Al
54.79 mm XTI ZE 550289, 70% F113.26% , FEGi it 70 580 12. 18 mm 122, 18 mm , AR 284551 oy
36.23% F166.00% ,— & B b S i 1 It dal i et B A A /K o A s/ T a2

F6 MERKEMEEARRENEEREKTREKRE
Table 6 Analysis of precipitation and PE using the Mann-Kendall and Pettitt test

Mann-Kendall 4556 Pettitt K5
T Factors et 7 BEE B Slope () GO B
Significance /(mm/a) Year Significance
[# 7K & Precipitation -0.72 Ns -1.04 — —
WEAEZE R i Potential Evapotranspiration -4.26 ® ko -3.80 1981 ® ok
% % % P <0.001; * % P<0.0l; Ns:P>0.5; —: KK

[] s 1 Mann-Kendall 4856 1 Pettitt #6596 X5 it 8 AR P /K d2 S 7R 281U B AR A 34 2828 \T A TR 56
ZERNER 6, NI 6 WTLIFE L, Tk e 7 R 2 RS A ek D A (R ok 1k B B 3 [ K B T S A A 5
A5 A5

T AEZEHIUR AR ANRRARR I N (19 SEBRZE IR ABAE— e FREE I R B T N R BE R AR Ak, X i 3
IKTEAA B AR BRI P A VAR A I K S A i (R R B AR 1981 4R & AR AR (R
6) o AT UL, Jdsk A 2 R X T )1 J 37 0D (R R RS K
4.2 NHHZE

MR KR SR )1 J 37 A8 S AN R, FER 25 A0 IR0 X JE 37 (R 25 RN A R AT B IR ZN RS2 R, R ]
Tt b T R HUK X K BILOK R KRR RIS A AR I B E BRI 1 B R T AR Y
K BEE F PR M T K RO ER UK S AN JSTE 3 H 350 %, X A3 gl elAs Sy i i K 00 B 25 43
A FUKAEFR IR Xen] 1| 6 300 2 A J AR B T B R s
4.2.1 RS IRIT RN R 1 R

SRR IR S A T SR S Sl )| S R i b By R R O MG TR I A Y, A N SR
-5 e 7 b 42 S M AT, R0 T R O B i B TR, R 909% ST I FE A SR B DX 1 AR T R 3
B2 N 1978 AEFFEAFF RAMERILILIE 20 120 90 4RSS LUK, SRR W IR R IR BE RS A, P T IR
Hi DX P ATRT I 40% —T70% i R VR T T /KA, L& K 230 0 T2 2 1, KR E i PR, B3R
R EK)Z IR T K, SEGNA TR A3 T AR s>
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FANIE IR 2 3 P — JRE R R I BARAR AT, I TR SRR, i 7K R A6 T 3 R LABEIAT 7 SR R Hh o 9 3
F5 b, BEZE TR AR SR B A IR, R /K A7 T T R B3R 10—12 m, Fe R 7R 36 4 A T BT, R i
DX 1l KA A5 e 2 1) SR 25 X — ARk, I T T AR 25 XA AR (R B T <12 X0 S 2 Jed B ) 1 9 2
AR — 2 LW, 2R 7 344 m'/d BERIFR)G %W BT, SRR ARG PR Bk
FlJarge A, 2000 475 BRI 75 d,2001 A1 D7 S W i il sk, 1K 106 d SRRk, Bl A L i R TR
TR R, R R R R Y,

4.2.2  HUF K EIFR A G I &R H

TSR] )| F 38 U 1) 5 — A D DR TS P T K TR AR TRIE R 5 1 K B 3, M R OK IR S
T )1 FE AR A A 3 P T KR 2R 6 B0, 76 i — 2 1 25, MR K TR SR K, b 7K g HIE T 2 A 1 D
A R R e AR BV R R X 7 I T BN, R KRR R i, R
HuIX 3 R AR R 1—2 m, 3 R 12 DX T 1 37 4 i R K Sk S — i, Bl IR P 2R B e &
J'E AR Tl A9 RE = 3 22 | K B KR B 386, 3t R A I SR A ] BBOUK 25 36 Bl 40 2 % 2k, RSt oept
B2 52 X Tl A K SRR A B KSR AR, 3 JCP= (AR /K A 964 m? | T3 [ S /K -, 7K 1) 55 82 A 2R L
- R 2 s ARV SR AK IR A ROR T A 20% i, o] L, ek P i T 7K B8 VR A R SR R A BRI 53K
AN AR 1 R KR WD | S5 20080 1 i) )1 63
4.2.3  JKF T AN I A 5 )

T SR S P K R TR S A K B SR VAR A S K R TR s A, R T R
ARDL 52 M0 LSRR P, 128 T 30T )1 9 i AR I s A e AR Ak, i Rl OR B Rl 3k, B 20 4D 80 4REAR
A IZE B A R B K 20 168 km , 7K 3N 500 2240, B BETE AN 146 km® ;K% 57 JE,JbIE 148 4, BA
T 5500 7 m’ s NBROK AR 66 4b, e R N (B OK IR, G BRI S E 50 AEARTF I s e sl e, =
1988 4EPLAFINZE 844 J3& , Hirp A 662 JEAEHET 70 4FAR1™ | KB A /KA T AR RS A A28 T 3T B 7K 76 2R
ARBL,20 48 70 AFACA AN 80 ARAAIII™ i T HAK SR P e P A KR TR A YA 1| 3 A A T D
A BT,

4.2.4 RIS LAY SE R 045 -

A FE 22 490 H R 20 42 70—80 4EAR, B i R
FERE T K FUAE 4 A= 25 IR B8 a5 RUK 9 2R 25 A iR L,
XK A AR RERE it A S, PG A R K A B AN R
K, BT RE A, H I R A /N B O T I
BB 0 KN, 7K AR il b S5 378 10 52 ) 32 B2 R B A
PRIRIL A AR A E ] (RO SE SRR B A AR
Hi & 7 WT 0 B T IEOK A ORRr T AR 5 s A (R Y
BN, AR IR KO, T UL A R X A 025 x 1 1 J
(A0, 1 8 24 s T U BRAP AL 0 R L AR " e
P AT DL e A A e S S e g Area treated/%
AESE LG BOEA LR UE , H EAE 1996 4F 5 3 I 48 54 B7 Sk R AR S R R
BT, 1980 Ff5FEREMAE S ER W ETEE  Fig.7  The Ratio of Soil Conservation Measures Area and Base
IEATRI R X B 3 A O R RIARAR i f /N, AR 5L flow Index
TRAEHOMK 1S T 7K A A 35 1 it o A [] i 2 i 7k
SRR, K B A /NI K M B B, M 3R 7= 0 /0 R R 38 MBI SRR 48 U R Iz, R AR
AR,

ZEA LA AT i R 3 ) 1 5 e D R A AR A AN A S AR R 25 5 o oK R AR Ak

0.40 -

y=0.336x+0.338
R*=0.4881

FE e % Base flow index
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SRR A T LR S VP A 180 - N Yy
AN RIS N KT BGEH TR w0 | . Lo
BB I A Ry BB R e BN M L. I
RERIF LA Tk A TR R AT 5] \']&\:\,'\‘\..' \-"u\'\,,'\,%a.f-\./"‘-.-'" 1™ &
B BONTUBPIT R K EORFE A, U T 55 4 | T Tee]L W /.-' I 103 2
TFARTARSL, S TS BK AR IR o | /\/ L L.} ,\.;'./\ {02 B
R T ERUN, (AR K R AT R AT F e b \/ ho ] E
5 Bk TR NS0 B 2 A RO, S 1| 3 20 ¢ ="

iR R P T A Yo 1965 1975 1985 1995 2005

5 &£ 4y Year

(1) 3 50 4R, Jrdii 7 A if B (24 /3 & ES EEAAERE L EER RS FERIETES
Z FkZE AT U AERETI ) A9 L Y 8 90 M #k [} Fig.8  The Standardized Annual Base flow and Base flow Index
%@//I\ﬁ%o é@%{;ﬁ%ﬂ‘]ﬁ&l\%j’ﬂ 0. 628 mm/a; IEI Process Line in Study Catchments
Zh E ZE b R KN 0. 212 mm/a, 2= /R 0. 050
mm/ a5 TR FE I B/ DR B ARG 1. 6 %, 1551 -0. 367 mm/a, Vi N4 FEFEAE 1980 Fl1 1996 4%
AR IA B 5 A

(2) Dyt th & o Ar R W, 5 541 (1959—1979 4F) AH LE , K 3R FFR000 1 (1980—1995 4F) i 4 4F H i
HAE 5% , 50% F1 95% HIAT R _EAAXT I8R5 514 30% , 38% il 54% ,JEATH %1 (1996—2005 4F) ) H 3
WRTE 5% , 50% F1 95% HAFR AN/ DHS5 R 57% , 68% F1 100% . HiA 6 B (FZE HZE Bk
2 A7 YPIAARE I ) A AR IR 2> e 22 AR K, 5 JEME] (1959—1979 4F) 4 L, 7K = AR FF00 3 (1980—
1995 4F) % i Bt H JL i B 7F 5% , 50% H1 95% B4 R b AH Xk 2D %4351 A 20% —30% , 30% —40% F
15% —100% , R I K W] (1996—2005 45 ) 45 B BE H 3L TE 5% , 50% 1 95% BN AASTIS > 2R 5551k
50% —65% ,60% —75% 1 50% —100% ,

(3)3E 50 AFk , fo BRI T ) | e s a2 S AR AL AT Bl AL W/ P A 45 21 H E RS R R 2
T ek PN A T AR SR 0 WRURT G R R M R 7K A I A K e A Sk 2 ek 2 R A 2 I A ek
AT ECT AT d DX 4325 DR R I 3T ) 1 S i AR A e ) A RRIR AT
Bt . BT KA 22 012 B K IR WIS BE 5 I 1 X ORISR B AR By, e e 3t
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