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Changing properties, causes and impacts of extreme streamflow in Lake Poyang
basin, China
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Abstract. We analyzed the statistical properties of maximum mean 7-day streamflow in Lake Poyang basin using eleven probability
distribution functions. Estimate of parameters was performed using the L-moment technique. Goodness-of-fit was done based on
Kolmogorov-Smirnov statistic D). Mann-Kendall trend test was used to detect the trends within the streamflow extreme series. The
research results indicate that: (1) Wakeby distribution is the good choice for description of the statistical behaviors of streamflow
extremes in the study region; (2) Changing properties are varying from one station to another, implying different fluvial geomor-
phological features, climate changes and human activities; (3) Rainfall and hydraulic engineering is an important factor in effect
the changes of extreme streamflow in the Lake Poyang basin. Higher frequency of hydrological and meteorological extremes may
cause higher probability of floods in the study region. While hydraulic engineering, especially the construction of large-scale water
conservancy facilities in the river, reduce the flood discharge. The impact of forest on flood flows is not obvious.

Keywords: Frequency analysis; probability distribution functions; streamflow extremes; Lake Poyang basin

SBRARE VA L2 i 05 D A A BROKAR IS 57t , CL 4 S BUX )Y 28 SRRV A H 4 400 55 1) 5 0 9 4 Aok
IR AR AR AR B0 S A, LIRS K 9 T 5 R K T e A L S LBy R} 2 () ) 4 R AR AR5 2 A 2

w URAR A ARRIEIE AT H (2009 — 37000 - 4203384 ) | [H 5 [ KRB IE4 T H (40701015, 41071020) b 1l o2 B
TRHSAEHNTE 2 B F 11015 H (2009 —37000 — 1132381 ) Fl v R} B HTRA0 5 TR H (KZCX1 - YW —08 —
01) BEA-9¢Bh. 2010 — 09 — 02 e Hi 52010 — 12 — 07 W B ik, 5Kk, 55,1974 4F A4 fi-1-, 4% ; E-mail : zhangq68 @

mail. sysu. edu. cn.



446 J. Lake Sci. (¥13a#-%),2011,23(3)

ABERBERTEZ "7 AR T I L B KT S RS SRR K [ A R
AR AR IS5 0 0 ORS00, V0T A 7K A M B PR 88 A A 8 SIS A o B a2 v
SR AR KI5 2 S A K 3R K 00, XV 5 7 0 25 2 4 1 o A A B 9 Sk o A
TV, 1949 — 2007 AR RRAR FTIE 9 T 1 AV 2 9 AN 5800km” , REIZ 1990s LA 52 92 1 B bR ™
A T ARRAEYIK 92 R RGE K TP B0 B2 55 B 1E 2UHE S B BRI 2 25 22 5 X R , 786 B
PRSI A [ SRR, DRI 80 FE ) ) e A= 2 A B K S R 4 32 K T S TR B X T ¢
LRI LA B A VT o A 285 P47 A58 R R S L 67, 3/ 22 2 28 X 288 L I U ) SR K SC A5 D IR 17 R e
FE IS T EUNBRT R Bk S PR I R ORI A B BRI B 2 B 2k
RIS HAG T BIE 2 B L5 1S B B S AR O, A Sz FIZ AR A T BB 2 S A IR I B RCR.

B BTS2 208 780 5 87 7 Sl s = R 35 R DB PR AT 1 PR, 108 3 — HLAA A P /K 4 003 (Y M /K R
AEPEATOIFSE. (HL 25 B 5E R IR T LA 7K SOl a2 B TLAN /NGRS, T A 0T 44 805 I 081 0l i 47 4 T
AGEITTE. 7 S0 10 3% DX 91 7K SO A R B3 3, 16 28 G 48 A 7K 2 BEORERI L e 7K SCRCE Y S Al
b 7 VA A A A N SIS Bl X A SO ALY 52 W WL, 5 308 7K SO A A A 6T DX S 28 5 Ak 2 T ) 2 )
MY A5 B IA . IR TS TRk PR A 2 Al U A 5 NS Sl U 20 T 385 B 00 8 Je By 98 L A 23R
S A SR AT 7Y B R S B

1 HiEskiR

AR ST 43 HT A A 38 B 5 3 38 3 B R AT G 6 A K ST (T 1) B4R B R i i e R £ 3d i Td
ST BRI B VLK SO B3 e AR B 1oL A A8 K S K SOF AT 9109 56 R AT AR AN (R >

L 30°

r29°

L 2g°

270

-26°

—&@ KRAKE

o Ak
S EA AR
— I ELA_ BRI

m25°

P 1 300 B0 5 A Sl L SR K 2 L B g X b P O
Fig. 1 Location of the Lake Poyang, hydrological stations, reservoirs and irrigation areas

in Lake Poyang basin
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Tab. 1 Detailed information of water reservoirs in Lake Poyang basin

KPR FRTE IR (2846 %) HENE () FER(x10%m?) Yrtig

FHARAK 7K (29°12'N, 115°30'E) 1958 — 1985 50.170 Bt I K L AT 3R A

KIBOK A &7k (28°39'N, 114°34'E) 1987 1992 1.146 Bt EIEALIZ (SR IR T

T 0K BEV1.(27°44'N, 114°50'E) 1958 — 1960 3.460 Bt ISR KRR T

1 K ¥UT.(27°23'N, 114°16'E) 1969 - 1981 1.432 [t JHEBE & H

[V 9L BAIT.(26°46'N, 114°36'E) 1992 - 2001 1.532 TR & E Bt
AR A HRUL(25°49'N, 114°24'E) 1955 -1957 7.210 R BELE Ol

JT 42K ¥UT.(26°33'N, 114°41'E) 1958 — 1990 11. 160 [t JEBE & H

K XK R BEIT.(26°19'N, 115°26'E) 1969 — 1970 2.510 KL Bk HERE SR
ERIKE BEVL.(27°47'N, 115°49'F) 1958 — 1960 1.160 7ot T I & F,

UK LA (27°42'N, 116°22'E) 1958 1959 1.350 Bt R L SR AE R T

KPR P (27°17'N, 116°26'E) 1958 - 1978 5.418 Vo N g b

KK A =VT.(28°11'N, 117°57'E) 1995 — 1997 2.757 Bit & L JEME A FH KR

LRk E =VL(28°10'N, 118°19'E) 1985 — 1991 0.998 Bii it FR5H K HL

E—KE =V1.(28°49'N, 118°16'E) 1958 — 1960 2.489 HEE (B FRAE K
ey 32 SOK BT (29°13'N, 117°25'E) 1958 — 1962 0.825 Bt VEWE K HL R
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Fig.2 Autocorrelation analysis of annual maximum streamflow, annual mean maximum
3-day and 7-day streamflow at the Waizhou Station
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Tab. 2 Basic statistical properties of annual maximum streamflow at 6 stations of Lake Poyang basin

Wi FPHIRE (a) HfE R RPIOMRAE R ARRORTE (AR AR (AR

AR 51 11616 11500 5645 -18.28  20400(1982 4F) 3500(1963 4£)
Mys 53 6668 6300 3843 5.96  13600(1955 4F) 3000(2001 4F)
255 51 4488 4220 3475 8.25 9950( 1998 4F) 1190 (1963 4F)
Eil 53 3474 3070 2230 2.29  10100(1967 4F) 1270( 1985 4F)
P I IR 53 3039 2800 1830 -5.00 8600 (1998 4F) 945 (2005 4F)
e 51 1670 1420 1065 5.66 5600( 1997 4F) 528(1965 4 )
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Tab. 3 Statistical properties of maximum mean 3-day and 7-day streamflow at

the 6 hydrological stations of Lake Poyang basin

v £ ¥iH R EL TS IKIRIEE RSP (m®/s) (4R MK & #
AR 3d 11054 10800 5719 19367 (1968 4F) -0.67
7d 9620 9171 5061 16929 (1964 4F) -0.74

Mk 3d 5754 5560 4020 11710(1955 4F) 0.10
7d 4239 3831 2795 10666 ( 1998 4F-) 0.02

ARG 3d 3838 3420 2963 8407 (1998 4F) 0.08
7d 2933 2687 2277 7064 (1998 4F) -0.02

il 3d 2743 2447 1908 6023 (1967 4F) -0.12
7d 1870 1515 1446 4716 (1955 4F) -0.14

P I g 3d 2115 1800 1214 5940 (1996 4F-) -0.07
7d 1380 1147 840 3621(1999 4F) 0.06

g s 3d 1193 1024 624 2933(1955 4F) 0.58
7d 779 655 487 1790 (1955 4%) 0.05

R4 FORGESE T R 11 R K-S D Geit it
Tab. 4 K-S’ s statistic D for the 11 probability distribution functions describing the
statistical properties of the maximum mean 7-day streamflow

K-S D it
i

AR M s R A1l PEELT i F IR
=7 43 A (Wakeby (5P) ) 0.041 0.046 0.068 0.093 0.063 0.081
TR IR 53 (Weibull(3P) ) 0.080 0.074 0.077 0.088 0.065 0.092
Jz JR #4345 ( Pearson 1M (3P) ) 0.077 0.072 0.071 0.079 0.058 0.083
FFHIE 2505 ( Log-normal (3P) ) 0.055 0.084 0.079 0.083 0.053 0.078
XT38 R 3 A ( Log-logistic (3P) ) 0.082 0.070 0.085 0.082 0.063 0.081
T~ LA 2464375 ( General Pareto(3P) ) 0.044 0. 049 0. 068 0.093 0.070 0.084
I X AR AE 434 ( General Extreme Value(3P)) 0.074 0. 065 0.093 0.101 0. 060 0.090
WA 43457 ( Maximum Extreme Value(3P)) 0.0359 0.081 0.088 0.100 0.074 0.088
B /345 (Beta(4P) ) 0.088 0.063 0.075 0.120 0.117 0.137
% %5434 ( Exponential (2P) ) 0.352 0.117 0.146 0.105 0.142 0. 140
EHF43 45 ( Rayleigh (2P) ) 0.045 0.076 0.077 0.148 0.112 0.143

AN ZEGE SR KRR K-S D AYIGFAE A 0.190(n =51, 1 — o =95% ) , MUl | B2 LI AV BT o Y K-S D
G P 0. 187 (n =51, 1 — o =95% ) 5 H A (1 B30 B0 BT of 7 110 8 3R 40 413 bR 4802 03 A 7K S AT 35 A Ik 119 43 A o
B K-S GE Ry D (E# /N R HESR A A BREGGE 5 AMS.
iz FHER AR A8 1T A 8 BH B I 3k 6 A7k ST
M AR T 5 1 75 5 A A S 80O AH L ) K-S D i fE
IS A8 6 ARSI 4 AR SO T 5T L of individual stations parameter estimate
SIATAG W R, FLR SR B2 2R3 T AY 3 A W H0E (L-Moment) of Wakeby
ST T B AT T s L
“Z%ﬁ Eﬁx%ﬁi}%ﬁ :j;mi?t }Eﬁ'#ﬂrfuiﬁﬂzjq SN 144200 19.55  7541.5  -0.54  1872.7
ﬁ‘(éﬂl‘JIE P']]Ij:]ﬁl fﬁ,Lvﬁﬁhﬁﬂj P-]]Ij:ﬁﬁ[é](] 1@% 4331 0.67 108.9 0.54 1412.9
ARSI T A0 2% — 28 WORF WL 20500 198910 195.06  2765.1  -0.44 0
P-TI B3 A5 A $ 3R K SCM (R IE T TR R el 1337 0.20 0 0 755.8
I T RIS BT P R T LM R A e g JEIESD 413550 199.72 822.3 -0.03 -1480.8
MR AN SR (] 3) AL g PR SM03 %457 265 oM O
R 5 B LU RSN K SRR P 45 3 B4 G /K SO

RS WAV I 105 52 o AT SHA T (L)

Tab.5 The annual maximum 7-day means streamflow
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Fig. 3 Probability and cumulative distribution functions of the maximum mean 7-day streamflow at the Waizhou Station
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Tab. 6 Designed maximum mean 7-day streamflow and related return periods before construction of reservoirs

pA T=10a T=20a T =30a T =50a T=70a T =90a T =100a
AR 14833 16134 16707 17279 17581 17778 17852
Mok 6758 7585 7992 8438 8694 8871 8940
IR 4740 5005 5099 5177 5212 5232 5239
Al 3068 3663 3994 4394 4648 4834 4910
W 2082 2520 2781 3116 3339 3510 3581
g e 1351 1634 1796 1997 2127 2225 2265

s SIS 2 T VAL SR R RS2 1990 4 S AT D 4 16 T B AL 1990 4 5 2R G0 il 5 A Ak b ) 38t 17K
JAE S AU TR 1978 4F K R IZATHI o () IF ] BESR S ac 2 1978 4F 5 s 4 Bl il ) A BB PM K P st ik I) 2 3 4 o
76 1990 AELURT K PEIZATHT IS IR 8] BE 43572 1990 4F.

2T K PR 7K SO A% T BT AR (B (/) B HE

Tab. 7 Designed maximum mean 7-day streamflow and related return periods after construction of reservoirs

£ T=10a T =20a T =30a T =50a T=70a T =90a T'=100a
S 14590 16052 16723 17418 17797 18049 18145
Jisazis 8104 9425 10103 10867 11318 11635 11760
R 4995 5768 6204 6776 7188 7530 7681
Bl 3546 4015 4236 4468 4592 4684 4717
T 3125 3703 3999 4336 4536 4677 4732

Ti R4 1316 1633 1833 2101 2289 2435 2498
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Tab. 8 Return periods of maximum mean 7-day streamflow before and after construction of reservoirs

w4 HELE Td KR (m®/s) RAGEG KPEAERET B IW (a) KR X B (a)

AN 16929 1964 42 36 35
Hiuk 10666 1998 4 43 25
2o 7064 1998 4f >100 42
il 4007 1998 4F 31 20
PEIEHT 3621 1999 4F >100 18
g e} 1699 1998 4 21 23

4 it

AN K IS /N T 302 TEBLE MR i /N T oK RS (6 7,38 8) . 1964 ARSI K 7R K i 12 %
RilJ T BRI A — B M 1990s T4 , 70 F 9 0 d 2 2 3 W A0 25 A S K AR b i b 4 (9 B S, BT £
TLAEERTL R U7 1961 —2000 AF (7] 765 B 80 7 48 A28 A 5 A 028 ) i IX 5 B 25 Y T B 7K B T H %50
1980s FFUGHE AL S LA 520 1990s 2 1949 4F LIt 4 35 % LR B AR, 4F B i K 37 i 21. 00m
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AR JFN . 1978 AFAEBEIT 1 — S FRALME B 2 T R 2 12. 14 x 10° m” At 11K P8 (B JRAB B K R J5 19 5
BRI R A 9 R TS EK R B Wi, I 350 Va0 55 S0 0T 107 A A 9, b T A o b T Wit Xtk
B BT 3t % 25 ¥ T 2 K JETIR 4 I 4.

5 it

iz P 1L o5 207 B S30GH B BET 058 T 4% 2 2R Y 6 /K SO (B IR AT R0, IR S RF
RACLEG S SRR v LE BB S LB S L, T 5 2805 v LU A1 5 HC Al ME 256 R B8R G B Sy 535, 3 4
FEUF 980 FH 1AL SR I F REAR A ) S WK AR A AR 73, 2% 7K Sk 19908 AL IAL i 7 2 A A A B g KL
ML A7 Tk — A R 1990s R G tek 359 00 A 25 1990's 43¢ S g W 434 i e B304 A4 Bt 1) A 38 2 7 Sl i
KR 2 I RE B, (BT A il B T RO AE R — B, St E B0 30a LA L % LU B 70a LIS FI
7 7T B 20a LLRTIE /K S AR iR PR I AT P R AR, 0 HG A 2% 3t 2% BT K A LR,
HR B A B T K R A LA i e 9 .

(RS PR AR PR 3R v, R K AR 20 AR X ik /K o S0 AR i die K, T 22 7K 2 B S A 74/ T 30a
U A B /N TR A, B U BIT SRR, i T KR B RS LS TR AT i ke, R R BT Bl P R O I
AR BIBTARIAE 10. 2 x 10°m® . 25 R U4 22 20 B BEB HEARIE R 50a — B 1) H bR A S5 3L 8 B AE S
KPR AR REAE — E AR L/t K R A A AL (BRI B0 T U b B9 7K AT 28, T 65 I 981 0 A ¥ 2 K
HREETE/ N S b TR R AR BB 17 /K2 14 9 PSR AR A0 52 5 o 6 L ) T /I F) 4 BR BE T AR
XK K HE AL FE AN 25 TEARAKAGER IR , 808 BH 7 i 3K SC G M o4 K AR A B RS 00 T, 38
L T S 1 e B A 7 0 T A 34

6 &% ik

1 ] Milly PCD, Wetherald PT. Increasing risk of great floods in a changing climate. Nature, 2002, 415(6871) : 514-517.

[ 2] Palmer TN, Riisinen J. Quantifying the risk of extreme seasonal precipitation events in a changing climate. Nature,
2002, 415 512-514.

[ 3] Easterling DE, Meehl AG, Parmesan C et al. Climate extremes: observations, modeling, and impacts. Science, 2000,
689 2068-2074.

[4] Zhang Q, Marco G, Chen J. Climate changes and flood/drought variation and flood risk in the Yangtze Delta, China.
Quaternary International , 2008 , 176-177 ; 62-69.

[ 5] Beniston M, Stephenson DB. Extreme climatic events and their evolution under changing climatic conditions. Global and
Planetary Change, 2004, 44 1-9.

[ 6] Zhang Q, Chen YD, Chen J. Flood/drought variability in the Yangtze Delta and association with the climatic changes from
the Guliya ice core; A wavelet approach. Quaternary International, 2008, 189 163-172.

[ 7] Zhang Q, Liu CL, Xu CY. Observed trends of annual maximum water level and streamflow during past 130 years in the
Yangtze River basin, China. Journal of Hydrology, 2006, 324 . 255-265.

[ 8] Nakayama T, Watanabe M. Role of flood storage ability of lakes in the Changjiang River catchment. Global and Planetary
Change, 2008, 63 9-22.

[ 9] HuQ, SongF, Guo H. Interactions of the Yangtze river flow and hydrologic processes of the Lake Poyang, China. Journal
of Hydrology, 2007, 347 . 90-100.

[10] i 45, 8L S P9 AR RS, Jbat. J7 5 Hh it , 2003 :213-219.

(11] 3 4,232 B, FEZARSE. 1961 —2003 4[] &6 FH 1 5 0 A5 A2 b 35 K 5878 43 Br. 1A FL 27,2006, 18 (5)
443-451.

(12]  Z=tidh, B 4 iRE RA5. AREHIE 2006 AFASKRHIE B HR PRI SE. 7K 3C,2008 ,6:73-76.



KOBE . AR BOK IAAEIE T R B S e 453

FORGRER, AR B W T 9 E LR . IR AR, 2008 ,20(4) :500-506.

WK B8l , 9 T 00 e R R 15 8 AR Y D Sl R 3330 3 A B B 5 TR 2224412, 2005, 13 (4) :409-416.

Ji % ERAE 2, RENLARAE. AR AT R ALY LRI SY. 7K 3C,2006,26 (1) :28-33.

Zhang Q, Xu CY, Chen YD et al. Extreme value analysis of annual maximum water levels in the Pearl River Delta, Chi-
na. Front Earth Sci China, 2009, 3(2) . 154-163.

RAEZR. BT HOK BT RS PP LRt A KK L S Rk , 2005

Hosking JRM. L-moments: analysis and estimation of distributions using linear combinations of order statistics. Journal of
the Royal Statistical Society( Series B) , 1990, 52, 105-124.

sk ARG, R IE. TTPYA KNS, 1B LR HOR R, 1995 2 389-340.

FME, RS, WA 3T 50 4 0 FH I T R R AR R AR R AR AE ST I T O B R S R 05, 2009, (7)) -
615-619.

Zhao G, Georg H, Nicola F et al. Streamflow trends and climate variability impacts in Lake Poyang Basin, China. Water
Resour Manage, 2010, 24 689-706.

2K 3R (http ://www. jasw. com. cn/sw/list. asp? unid =1267).

VEMC AT 3T SR R YR A B S BRI I 5C & . 7K 32741, 2000, (1) + 72-80.

AN AR R RFERILANA B AR A, E DK 25,1998, 11:13-16.

VLG SCHH(E B (http ; //ziliaoku. jxwmw. en/huanpoyanghu/pohuliuyu/) , 2008.

;A% Y. BRI R I i A AR K AR R T, B AR IR 21,2008, (6) : 75-80.



