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Abstract

As actual water flow in the Middle Yellow River basin has been decreasing since the 1970s, the
spatio-temporal evolution characteristics of the runoff also produce new changes. Such changes
will inevitably affect the development and utilization of water resources, therefore influence the
healthy, rapid development of the economy along the river. This study analyses the variability of
seasonal and annual runoff in the upper reaches of the Tuwei River at Gaojiabao hydrological sta-
tion from 1967 to 2012 as well as Gaojiachuan hydrological station during 1956 to 2012 in the
downstream. The methods of Gini coefficient, PW-MK trend test, MK-P abrupt test and Pettit t test
were employed to explain the characteristics of the seasonal and annual change of runoff. The re-
sults indicated that: the Gini coefficient of runoff in both upstream and downstream is more than
0.8, annual distribution is highly uniform, and the upstream homogeneous phenomenon is more
obvious. Annual and seasonal runoff shows significant decreasing trend and mutation features.
The change points of upstream runoff occurred in 1984 and 1997. The notable abrupt variation of
runoff in the lower reaches was observed in 1979 and 1996. At the same time, the downstream
runoff decreased more than the upstream on the 5%, 50%, and 95% frequencies, and the 95%
frequency runoff decreased the most. Compared to the contrast period the impact proportion of
the human activities on runoff in human activity intensity low period for the upper and lower
reaches was 70.01%, 82.56%. The impact proportion was 69.37%, 77.14%, respectively in human
activity intensity higher period. Human activities such as large-scale water and soil conservation
measure and high intensity of coal mining have become a major factor for the change in annual
runoff in both upper and lower reaches of the Tuwei River.
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2. REHER

Fe R FARAL T Bedb 3 L JFAR, B RVDIEES%. TR AETRGEMARR SmEET, A
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39229 mm, EE UM, HOEFIHIFRE, BWAIEONBRHT, ZdEN RS KZERTE
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3.1. BIEKIR
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BRI T AN A ] BRI IR BRI EBOR R 2 KA KRR R T
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B .

s= sgn(xj—xl.)+k(r)+ > sgn(xj—xl.):s(l,r)+k(r)+s(r+l,n) )
T=argglg>ﬁcj{|k(r)|} 3)
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T, = argmax { (6)
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FURZE, X — AR A, R B IR B TR IR, THEP BRI

SRR R TR I BB RN K, MK, » RiFBKERIEN K, MK, , BHHEEEER
BNK p K, o RITRRARZRARITTH AKX

Ry = IOOX(KRa - Ky, )/KRb (8)
FEFER R K S BB A KR R R E AW

Rep =100x (K, =K, )/ K, (€))
Ripo = IOOX(KEOa — Ko, )/KEOb (10)

MIBERTIL . HEAE 25 % A A AR B TR 2 37 €, Clp,
Cp :lOOxRKP/RKR (11)
Cro =100X Ry [ Ry (12)
C, =100-C, -C,, (13)
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H 2 TR TR b v K R K SO (1967~2012a) A1 T i i 5% ) 1 7K SC3(1956~2012a) 41 142 7 &
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Figure 1. The variation of runoff Gini coefficient
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Figure 2. The variation of runoff and Gini coefficient of the Tuwei River
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PW-MK 56 75951017204 1 A BRI B 720 00 A A, RGP iR @ iHHE50 Xt 197 6 B
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Table 1. Results of trend tests for annual runoff variables by PW-MK in 5 time series in the upper and lower reaches of the
Tuwei River basin

%= 1. REAE. TifF 5 MNTERERR PW-MK #I6%R

X Elr(FEx L) R GE D)

I i) B - X . X

GilEzZ  a=005 RAEL A GitRzZ  a=005 RN Al
AR —6.14 + 1984, 1996 —0.508 —5.24 + 1978. 1996 -0.49
HE ~4.60 + 1985 -0.122 ~5.23 + 1977 -0.105
HZ -5.38 + 1982, 1999 ~0.166 —4.63 + 1978. 1996 -0.201
#ZE —5.41 + 1983, 1996 —0.141 —4.95 + 1978 -0.115
KZE -2.79 + 1984 -0.079 —4.84 + 1979 -0.069

e 1 Al R b RS, HE BE KED AF S5 PR EIEERDES,
Hium b RS A BARIR RS T B RA AT, FUEERAR N AR B ILAE 1983, 1984, 1996,
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Figure 3. (a) Change of k value calculated by Pettit t method in Gaojiabao hydrologic station; (b) Change of & value calcu-
lated by Pettit t method in Gaojiachuan hydrologic station
3. (a) BRE Pettit t 13 £ ETALE; (b) FFII Pettit t 1636 £ EELILE
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Table 2. The relative changes represented by daily runoff curves in high, median and low flows in 5 time series in the upper
and lower reaches of the Tuwei River basin

#F2. REAL. T s MRERERROCEAE. T HHANENELER

T o % PE e pe
ES hy hy hy hy hy hy hy hy hy hy
5% 2906 —4349 2106 —4329 3221 —3923 —36.58 —50.06 —22.62 —29.18
ERE 50%  -3045  —408  -3346 —4297 2364 4782 3164 3416 3178 —33.61
95%  —3095 —4349 —20.16 —46.18 219  —52.11  —249 5199 —3335  —32.5
5% 30  -5435 954  —18.84  —48  —7077 1493 —4472 —1448  —30.46
EFN 50% 2194 —46.62  —2439  —5637 2841 4437 256  —4581 1926 —39.18
95%  —1892  -4566 27  —63.04 —1825 —55.12 -22.61 —5052 —11.62  —24.38

M 2 aTLE H: SEEML, h R L. FFERRE 5% DAY 25%~30% 30%:;
50%IZE > 30%~35% 20%~25%, 95%BNEE S I 30%~35%. 15%~20%; h, 1 b\ R FEARE
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40%~45%, 45%~50%. 5 h WAL, BF by SR E RS R AT 1.67 £, TSR ATIIN 2.11 f5. 3L
R ANFENROEE DR, Bk G, R PAFEME T, NiFERREERAST B, B 95%
AR AR IRIE e K o 1A RN TS R B RID B, TN HigaR X, —FZRIBR, RIFR
WMERL X DLW 2083, HOR-FIEIT R, R LARE 0 N R, 255 DU R B K2 75 5 HEt T E .
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USRI R R IR 51 K R AO R, AR B K
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Figure 4. Relationships between year and cumulative runoff of Gao-
jiabao and Gaojiachuan hydrologic station
E 4. BRE. SR RIHTEREREZELZ%

Table 3. The proportion and change of cumulative runoff, precipitation and potential evaporation in different periods

3. AREIEIE. THRITER, MKFBER LR E LB T

[SE &S ZESL
ENEILE: AL R
1967~1984  1985~1997  1998~2012  1956~1979  1980~1996  1997~2012
Rtz 3.133 2.2375 1.7548 4.1969 2.9698 2.1298
HEMEMERAL R (10° mY/a) -0.896 -1.38 -1.23 -2.07
A (%) -28.58 —43.99 —-29.24 4925
5AKES R ZHHE30% mYa) ~0.4827 —0.84
RAR A b AL (%) 2157 2828
Rl 408.3 364.96 364.96 429.16 384.28 345.9
SRR KA A5 4k (mm/a) —-43.34 —43.34 —44.88 -83.26
A (%) -10.61 -10.61 -10.46 -19.4
5AKES e ZHEmm/a) 0 -38.38
{R%ﬁﬁﬂ(*ﬁ tt E“ﬁ%}(%) 0 9.99
RiFRER 1287.3 1261 1249.4 1005.3 996.52 990.48
SR HERSTE N _ _ - -
AL A3 4k, B (mm/a) 26.3 37.9 8.78 14.82
BALE (%) -2.04 -2.94 -0.87 -147
S kE s AHEmm/a) -11.6 —6.04
T&ﬁﬁlgﬁiji*ﬁ tt &4{&(%) -0.92 —0.61

Table 4. Contributions proportion of climate change and human activities to the runoff changes at different periods in the
upper and lower reaches of the Tuwei River basin

F 4. AEHI L, FESIREAMASSENNERARRELZWELS]

‘ . SIEUEARA L 5 N E) SRR L
w4 ENGILEE:G]
Cp CE + CH CE CH Cp CE + CH CE CH

1985~1997 37.14 62.86 -7.15 70.01

PN
1998~2012 24.13 75.87 —6.69 82.56 0 100 -4.26 95.74

— 1980~1996 33.62 66.38 -2.99 69.37

(e
1997~2012 25.94 74.06 -3.08 77.14  11.56 88.44 -2.29 90.73
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e 3, & 4 w751 PAm )l AS BN RGE S SRR AR T S R AN . N
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ARILAE 5 HEUERIAEL, by WM ERN-1.23 x 10° mY/a, LFKN—29.24%; FEKALILE N—44.88
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WA 77.14%, 25.94%, —3.08%. 5 hy JAAHEL, hy SAASEIES) . FEK. W ZE AORHAR A 1) 52 B A 4 )
90.73%, 11.62%, —2.29%. SMATE, [E—KH, FTREF b TSRS S) A5 2 R & ) B
EEEAM Y, (H EREEZARIRRRER SR RS 5 58.18%, 53.96%F1 46.24%, HIHINHA
TR S Rk T R R M 28 R R ZA 0. NSRBI 5T RI b, R RN EEH T .
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XFFE I by RIS [N TN RGBS R A R B A SRR SRR B s iR A B AR IAE K
SORFE BERITR MR IKIF R A A SRR AR %5 J7 1

1) KRR R . SRR B RHFRRE hy MR E D TR 5K E AR, JCHRME
b TR B DR I 9 0 70 AEARR BT 46 KK AR R T AR, /K E AR R AR B 1979 41 229.15 km?
HEHNE] 1996 1) 1140.93 km?, AR ELF 1 7% B TH 31 35.1%. AREE AT & BBl B 1979 £E11 5.82%
BN 1996 1) 32.58% [14]. BT KR 22 51 2 2 K L R FFR 0 uh WMl B2 LR B, PRHLES BN 30%.
50%- 70%, ;AL R AR 53% 86% 94%. FAb, IR SRARKT A 5 TR, PTRES K
FARREHE T AR ST [ K PR ERR AR IE B T RO A 9%

2) BRI AL R . A AE 90 4EAR, JUHLA 1996 RS, TR TR B AR
BXTEAARWIG I, VEWLE 5, RIEIBRETE R 2 4E — 7 T FE I AMA 10 R8T, THMERRR. 5
—JiTH, SRR K E BRI RSKEIRE, ERIEKA KRS TR, REmd, E2FE, 5k
TALIAE AV T R 25 SRR B 980 (201, BI% 4 T, AR by BRI B R hy BA(EENBORITR), A
VG BRI B EAG) 23 A 95.74%F1 90.73% .

3) R AKFF R R SRR IR o R T KT R S8R B R w1 — R . KR
AR 68% [211K A EGIIANG . BEERIMA TR KR, T /KEARBIE . KR4k H
2006 4E (11 8.31 J m’, IINF] 2010 4EM) 8.84 J3 m’, FEFRRAEIN. Hb R /KF RIS FE P B BRI R, 1ML
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Figure 5. The output of raw coal and the actual area of underground
goaf during 1991-2011
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