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Fig. 1  Location of the study area with the distribution of discharge and meteorological stations
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Fig. 2 Results of M-K test for annual average runoff, precipitation and temperature in the study area
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Table 1  Results of M-K trend test for seasonal runoff and meteorological elements in the Minjiang River Basin
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Table 2 Results of M-K trend test for monthly runoff and meteorological elements in the Mlniang River Basin
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Fig. 3 Results of M-K test for seasonal runoff in the Zhuqi Station
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Table 3 Average periods of IMFs and Res components and contribution rates of variance explained them
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Fig. 4 Results of EMD for runoff in Zhuqi Station (left) and annual precipitation in the study area (right)
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Table 4  Statistics of the main hydraulic engineering in Minjiang River Basin

TATH JTAETAT P T A km? MEZ/108m? eI L]
KK [ETRAN 52 438 26.00 1993—1996 4
Hh TR K A o) VT 4V 4766 8.53 1980 4F
RYIK [ETPARUAS 5184 7.40 1978 4F
T R AR o T T 1325 6.25 1959—1971 4E
YR K [EI AR 25 562 1. 64 1989 4E
KA K [HTRA N/ RES 3784.5 1. 10 1994 4F:
IRIBIKIE ) 1.5 BHR 554 1.02 1986 4

e % il TR 4 BB B, 55— B BURE U 1959 45, i SEIURTE 1971 45,
5 sib

(1) 7T 1960—2006 AFAFRARYR 1 T H%, H LT Ay sTmk 32 2k A AR AR L
Th KA TR LR AL THES N 3, 5 b T AR A 225 B 1520 {48 90 4R4X
POk E AR DTS SR AR S BT e, i A i A A 2%

(2) WK IR ETHE S WAR SR G , Bk LT3 I8 B B 25 KR
1 TR B R E K s NZEORT, RO Ul i e 25 1 2 2R AR A 215
sy, B BTN B

(3) B VLR AR AR K AL A A7 1 22 RUBEARAE , — 35 TR I O 22 R4, B/ A8 4k
SR FART A . 20 HHE20 80 ARACLISR AR T AN FE /K 4 AR QPR S 4R 8 B2 AT P ol sisy, B
TEAFARPR U L 3% 53 70 30l 5 100 AR PRAS R TR, A2 3 M 7K 1R 30 I B A I, T 3
HEVs T AR IR A S A LRI

(4) TVLU SRR K S AR R AR AR — B AR TR BT LK 2. R
PRl 22— ph TR e B D/ L B g K i 8 105 G, B el TR R A A2, B R AR
W AR B T o AR ) 8o, 3 AR I e )

V] YL IR0 A T ) AP A P 0 S o D e | = M) P 8 i 55 22 Ao R R L[] 4
PSSR o AR ZEE— o Bk DX 4% DR 3R i AR Ui A2 A s i) 1) STk, XA 1 TR R A
AR 34T

5% 3k ( References) :

(1] R/, BRI, il 45 A TE VLG JRVE ST 100 AR AR s A ka3 [J]. B SR %824 41k ,2009,24 (10) ; 1803-
1809. [ SONG Xiao-yan , MU Xing-min, GAO Peng, et al. Trends of runoff variation from 1900 to 2005 at Harbin Station
of Songhua River. Journal of Natural Resources, 2009, 24 (10) ; 1803-1809. ]

(2] EHEM, E3CR, BT, 55 B0 S A SR S 4R [ T]. B SR %R 24,2008 ,23 (3) :479-
486. [ WANG Yan-lin, WANG Wen-ke, QIAN Yun-ping, et al. Change characteristics and driving forces of base flow of
Yellow River Basin. Journal of Natural Resources, 2008 , 23(3) :479-486. ]



1410 A & % K i 26 4
[3] Storch H V. Misuses of statistical analysis in climate research[ M] // Analysis of Climate Variability: Applications of Statis-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

tical Techniques. Springer-Verlag, Berlin, Germany,1995.
Yue S, Wang C. Applicability of prewhitening to eliminate the influence of serial correlation on the Mann-Kendall test [ J].
Water Resources Research ,2002,38(6) :1068, doi:10.1029,/2001 WR000861.
Bayazit M, Onoz B. To prewhiten or not to prewhiten in trend analysis? [ J] Hydrological Sciences Journal ,2007,52(4) :
611-624.
Huang N E, Shen Z, Long S R, et al. The empirical mode decomposition and the Hilbert spectrum for nonlinear and non-
stationary time series analysis [ J]. Proceedings of the Royal Society of London, Series A,1998 ,454.899-955.
KBLT B X W B i ek B PR AR = BT [ ] M B 2 4, 2004, 59 (2) :267-273. [ ZHENG Hong-xing, LIU
Chang-ming. On evolution modes of water resources in the Yellow River Basin. Acta Geographica Sinica,2004,59(2) :267-
273. ]
IR, TR, W0 —. JoK BRI A R 5 204 [ )], 7K 240, 2007 (1 7] 1) :388-392. [ WANG Zong-
zhi, WANG Yin-tang, HU Si-yi. Identify and analyze water resources evolution modes of the drainage basin. Journal of Hy-
draulic Engineering ,2007 (Supp 1) :388-392. |
AR L, TEBEG. F 0 A AR AL BRARAE AL 43 - EMD 5 ik i HI [T ], el R 4440, 2004,20 (1) :90-96. [ LIN
Zhen-shan, WANG Shu-guang. EMD analysis of Northern Hemisphere temperature variability during last 4 centuries. Jour-
nal of Tropical Meteorology,2004,20(1) :90-96. ]
SRR AR WIER , w R A, A5 BE T AR L M I B) 91 43 BT 28 0 RS S i /N A it e R PE R AF ST LT ] W BLAA 4R
2005, 54(8) :3947-3957. [ GONG Zhi-qiang, ZOU Ming-wei, GAO Xin-quan, et al. On the difference between empiri-
cal mode decomposition and wavelet decomposition in the nonlinear time series. Acta Physica Sinica,2005,54(8) :3947-
3957. ]
JeAe T R A NE, 45 IR SS /N AT I T AR R U A [ ] R4 ,2004,28 (1) : 151-157.
[ YAN Hua-sheng, WAN Yun-xia, DENG Zi-wang, et al. Orthogonal wavelet analysis of the variations of the recent 100-
years precipitation in China. Chinese Journal of Atmospheric Sciences 2004 ,28(1) ;151-157. ]
Ping F, Luo Z H, Ju J H. Differences between dynamics factors for interannual and decadal variations of rainfall over the
Yangtze River valley during flood seasons [ J]. Chinese Science Bulletin ,2006,51(8) :994-999.
SN AR R S 23 0 A AR BRAEAE AT [T ] AR AIBHE 2004 (2) :3-5. [ WU Chuan-ming. Spatial and tem-
poral distribution of evaportranspiration and its annual changes. Hydraulic Science and Technology,2004(2) :3-5. ]
R, R R R B SV AT R R E MR RS [T]. PR 444, 2009,25 (1) :103-109. [ WU-
Bin, LI-Ling. Study on the effect of precipitation tendency change on drought/flood in Fujian Province. Journal of Tropi-
cal Meteorology, 2009,25(1) :103-109. ]
AR e PR SRR L R P X B e B X AR T R A B AR B [ 1] A2 445, 2009,28 (10) :2014-
2019. [ LI-Guang, HUANG Gao-bao. Effects of rainfall intensity and land use on rainfall runoff and storage in loess hilly
region. Chinese Journal of Ecology,2009,28(10) :2014-2019. ]
AT v, 2% [ B [V sk H R 5 AR S A L] WG K 1A 45,2007,19 (1) £ 10-12. [ ZHU Xiu-duan, CAl
Guo-long. Soil and water conservation and ecological safety in the Minjiang River Basin. Subtropical Soil and Water Con-
servation ,2007 , 19(1) ;:10-12. ]
TREHY, SR VAR SRR MBS [ T]. | 5 B AR BT ST, 2004 (3 ) :47-49. [ SU Shi-
peng, ZHANG Chun-xia. Dynamic analyzing of relationships between forest and environment in Minjiang Drainage Basin.
Territory & Natural Resources Stuty,2004(3) :47-49. ]
BTG, ZE 0L AR R AR RS A TR L PR T K R IR A AR5 S 4 [T ], 1l Hb2£4H% 2000, 18
(1): 69-75. [ HUANG Qing-lin, LI Yuan-hong. Comparison between natural broad-leaved forest and man-made forest in
Fujian Province | . Conservation and maintenance of soil and water resources. Journal of Mountain Research,2000,18
(1) :69-75. ]
BAER. SR K EIR[T]. K AR ,2000(2) :1- 6. [ XU Zai-min. Introduction to water resources in Fujian Prov-
ince. Hydraulic Science and Technology,2000(2) :1-6. ]



8 1] Wk 5245 1960—2006 4[R]30 U 18 A2 AR 1411

Characteristics of Runoff Changes in the
Minjiang River Basin from 1960 to 2006

CHEN Ying', CHEN Xing-wei', YIN Yi-xing’
(1. College of Geographic Sciences, Fujian Normal University, Fuzhou 350007, China; 2. Applied Hydrometeorological

Research Institute, Nanjing University of Information Science and Technology, Nanjing 210044 , China)

Abstract; In this paper, the runoff change in the Minjiang River Basin is investigated and its re-
sponse to main meteorological elements is explored based on the monthly runoff, precipitation and
temperature data from 1960 to 2006. The adopted methods include Mann-Kendall trend analysis
and empirical mode decomposition. The results are as follows; First, the annual runoff in the
Minjiang River Basin is on the increase, and the runoff in the non-flood season contributes a lot to
this increase. The trend of autumn and winter runoff is upward for most of the time. The runoff in
summer has been on the increase while the runoff in spring on the decrease since the 1990s. Sec-
ond, both precipitation and temperature of the basin increased for the study period, especially for
temperature series. And the upward trend of runoff is more evident than that of precipitation.
Third , multi-scale characteristics of runoff and precipitation have been detected and the periods of
precipitation are longer than those of the runoff. The amplitude of decadal variability in the pre-
cipitation and runoff series has been weakened while the amplitude of inter-annual variability has
been intensified since the 1980s. The paper revealed that the reason for runoff increase to be more
evident than precipitation increase is that the evaportranspiration is on the decrease and precipita-
tion intensity is on the increase in the basin. What’ s more, the influences of underlying surface
also contribute to runoff increase.

Key words: runoff; Mann-Kendall; empirical mode decomposition; Minjiang River Basin



