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Abstract

Based on meteorological and hydrological data in Shiyang River, climatic change characteristics and its
impact on runoff in different time scales were discussed based on Mann-Kendall test, correlation analy-
sis, wavelet analysis and cross-wavelet test methods. The results show that precipitation in the upper
reaches decreases significantly during the period from 1956 to 2001, precipitation in the lower reaches
decreases after mid-1990s, and temperature and maximum temperature increases significantly (p < 0.01)
in the entire Shiyang River. There is a good correspondence between frequency domains of annual and
summer precipitation and annual runoff in the upper reaches at the scales of 2 - 5 years (1960s, 1980-
2005), and there is a significant negative correlation between annual and summer temperature series
and runoff at longer-time scales (6 - 8 years, 1970s). The precipitation change plays a major role in ru-
noff change. There are no significant correlations between annual precipitation and temperature series
and annual runoff at multi-time scales in the lower reaches, and annual runoff change in the lower
reaches is influenced by human activity. However, summer temperature and summer runoff in the lower
reaches are significant negative correlated with at the scales of 2 - 4 years during the period from 1978
to 1995, summer runoff change in the lower reaches is affected by the combined impact of human activi-
ty and climate change.
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Figure 1. Map of selected meteorological and hydrological
stations in Shiyang River
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Figure 2. Changing trends of annual precipitation and runoff
in Shiyang River
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Figure 3. Changing trends of annual average maximum tem-
perature and runoff in Shiyang River

3 AETREENRSREN L RRBENES
8 a (1970~2000 4E), Fiif 2~3 a (1960s~1970s). 8 a (1970~2000 £F); A5 iR L (1) A 101 2~3 a (1960s). 4 a
(1970s~2010 4F), Hjf 2~3 a (1960s). 8 a (1960s~2010 4F), Fijif 4 a (1970s~1980s). 8 a (1970~2000 4F). L&KM 5
RV AR O 32 (2~6 ), T R IR AR LA A D (8 @) .

33 SIEERSERENEXSHN

MIE 2 TR, RIFEA R R A E AR B K AR R A I — B, R, AR RECN
0.611, 7 0.001 & E MK LEZMIE, A< RECN 0.422 (p <0.001). _FJFAE) & i & 5 FEA R R A%
ZH09-0.289 (p < 0.05), fhtHKZ%HN-0.25, T HKESHEMEMMEIC. NE 3 TTLLER, NiFFERREM
TR B B AL — B R A R, EEA R BRI, EARA . TIERRES T
e 35 Bt e iR B TR A G R #0R-0.682, 7 0.001 & PE/KF E R C, AKX RECH-0.63 (p<0.001), HET
AR K SRV 03 A G

567



He T NP 2 R SUARAR A S HE R AR K 5

4. SEZREZLERTA

AT SN ) 2R L 5% A 2R B R S R AR AE I AT R B R X A S R, 1T A SNk SR
N F T P I [ S AR B B DX PRI R S 1 [11], BV G O 28 5% T I (R RIATAE RIS G R [7] 1] 4 JiZziiidsk i
SRR K B RN A1) ot L S AR U R R 2 SN T R RE RN RS . B SIS 2R RN 10 SR N R
F B R N IEI B E MKy 0.05 LSRR . §ikRRMiE Z ML R, ~RRABERSHREZ
AL, BEEH N IEAR R R, ~ RN URER SRS AN, S 2 N AR (TR,

B 4(a) & 4(b)rT s, A8 UNEDIRE R mRE R X 5 UM BRI KRR R XAV &1, H#EERRE
BXFREMCRERT SEX . FFERKE S ERREEARFEAAC AR, P RIEGR M RO G,
FERIAE 0~4 a (1960s). 4~6 a (1980s~20008) LA K2 9~11 a (1970s) R FF b b 4E 1y i il B S5 4R AR 0 B LA A
PARH E, A8 N DS I m e R X 528 UM ER IS R Re B X LAY, HE fERAEE X A
SREER T RERe R X (B 4(c). ¥ 4(d)). BRI AR SR = 23R IAE 0~4 a (1960 s)H1 6~8 a (1970 s~1985 4F) i
) JRUBE o 4 B /K B AN 35 B e UL FE L [R] R 4 23] IR AR IR A8 4K, 7E 1960 s K 1980 s Jig ARE/K 14 RFE IE
FIVER N, TTE 19708 LA il B2 3K B (6~8 a) I S i EF v 2. BRI &, ERR/KE M - IiFERE
MEFIAEMHFERE, 5 LFRERSRRENAR TSR —8. Rtz sh, DR KEMTRRE
B i e m B B, BT SR E R SRR RN 2 RS R . B LK E S EFERRENAE X
NP DN ZETERIAE SN B RGP AR B RO () o e 8 R B AR — B, [FIFE 23 0~3 a (1960~1967 )1 3~6 a

8 1
! 0.8
iﬂ; ’ ];1: 0.6
N4 1 i
- s 0.4
N e E
0.2
16 - 1%
1960 1970 1980 1990 2000 1/8 ‘ | 0
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
(@) Lk i (6) Rk
1
0.8
4 0.6
= 0.4
oy
Y 0.2
eqrs ' 35 5% I
990 2000

1960 1970 1980 1990 2000 2010

() hifrmin i SR (d) e il S AR

Figure 4. Cross wavelet transform (a, c) and wavelet coherence (b, d) between annual precipitation, annual average maximum tem-
perature and runoff in the upper Shiyang River
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Figure 5. Cross wavelet transform (a, c) and wavelet coherence (b, d) between annual precipitation, annual average maximum tem-
perature and runoff in the lower Shiyang River
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Figure 6. Cross wavelet transform (a, c) and wavelet coherence (b, d) between summer precipitation, summer average maximum
temperature and summer runoff in the lower Shiyang River
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Table 1. Statistical results of Mann-Kendall trend test of precipitation, temperature and runoff
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