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Abstract

The Minjiang river basin, the largest river in Fujian Province, was chosen to analyze the characteristics of
the runoff variation with Flashiness Index and Baseflow Index for Minjiang four tributaries: Jianxi, Daz-
hangxi, Futunxi and Shaxi rivers, based on the sixty-year daily streamflow data from 1951 to 2012 and
thirty-five-year daily sediment discharge data from 1978 to 2012. Geographical information system and
Mann-Kendall test were coupled to characterize the spatiotemporal variation of the runoff and identify
its influencing factor. The results show that the stream runoff characteristics in Minjiang river basin
were altered significantly in the past 60 years, represented by a decreasing trend for FI in Funtunxi and
Jianxi rivers and an increasing trend for baseflow in Minjiang four tributaries. The jumping points of se-
diment discharge in the four tributaries arise in the year of 1984, 1993 (2000), 1996 (1998), 1991 (2006)
and the year 1997. However, the jumping point of FI only arose in the Jianxi River at year 1968 and 1970.
The fluctuation of streamflow influenced by hydropower development construction is not sensitive. Dam
construction and hydropower cascade development have changed the characteristic of sediment dis-
charge in Minjiang watershed.
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AR TR N A BRI ATA K B ) 32 BRI . UM ARG S E /T, IR B
S RAIRKIVBM[L], WA AR RRAE A LIRS 5 oK 7 B A A S .

VIR U P A B AR AR AE S PR TR ) AR K SO FE R RT3, B K S FE R A B B 25 [2] [3]. i
20 43K, [ P9 A AR 22 B 75 30 A3 BTl N AR S R B AR AIE 3 a0 42 0 PR 4 Hh P R4 R L N3850 R
SEANT R ARIREEVT 4], SARTE, XTI )RR KSR 5T O 2\ —IFaa I RiE 11
W, BZJEHETZ o B R . I S AR I AR U R AR I (RIS, A AR A A R AR K S R
HIE A2 [5]. Robertson %A1 Werkhoven %538 1ot i & 28 ) R 3 X AR I & A2t 47 91280 70 # [6] [7], Merz F)
F e Rt i & 5 Hm & o Hri AR 02210 [8] . (EAH SCHIT 78 Tovk i bR S A% AR A0 25 1 SR IR R A SR K1 52,
5:T I, Baker 7E 2004 5] N T Flashiness $540E &= 70 #1142 R ALRFAE[9] 1248 B A8 A0 5 B KR 30 (58
B BEKE) AEARSE BRI R T BA G, SR B 2 E . KA BN A S 1A DG4 [3] [9],
Sof R L bR AR A 2 DN 25 e UM . T Flashiness 36 %022 S 1 B A KU ¥, 1 37
A IR K SC 2 A 2 (R VP4 [3] [9] [10] [11] [12]. A %2 R Flashiness 455060 @ £ 44 JL VLI
AR IR B sh M AN VD R AR 2 8] 155 R BEATIR I [13], (HM S R L b TR N REEFIE, st R RER
BT A DA A .

VLA S — K, HOKBHIRFEM s 28 — P HX K24, WAEHSET T REK
JRTYEER RS, B ERENT . HIrEREIT R SR AR 2, K% K IF R 1K
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2. BRFNTE
2.1. HERE

M YT IR, T R4 116°23'~119°43", b4 25°23'~28°19' 2 [A], J& T WL AGHFRFEE TS RVSAR X, Jhidsk Y F A e e
UF, SRR, R, RAREE R, KETRBEL, WK 36 M), 4K 541 km, FIRHEN
60,992 km?. JLrf, FEEA BN R 59,922 km?, (SRR 98.2%, £ GAEEE AN —F; BT EBEN
AR 1070 km?, LISk AR A 1.8%.

EYLRIBCR W T, A TG IR AR AR, FEF LA B EIR. B R AR = KSR IR TR Ak, P
R, WIRBCNE R, W2, Kitma, MAZKEL, A KA L XRKRE S BT TR
HYC, BREPRIETAG O, dRE &%, JUE. dHE. R, KRS CRIEAN . KRR IR T
H 21l FWEETH, 2 YL R RN ISR, MR RIREE A, KR 28R, B WL X MR s . YR
TR T X O I BRI PR, MR = KSR A AR, JKTEVA ZE BN . VLR LR ME 22 4y r AL FI
Jeser & A, RN T X 25 R 55 w6 5w 0 R HSAHTC, PR AR ) 2 B BRI 5 2 N e AL 32
M A K R B, b AT BIE BRI (E 1),

A, 20 thal 50 £ HHES, ML BT A S RisE TORBKE 7 8, RUKEE 60 £ 4b
— /N PE[15], b = B0 R A K FE KR TR G B L3 1. 24X KR BUK FEAHGR @ & K, &
BT R, Bt 5HER16], A TR ENER, WERKERALEI AT GEE/N15]. KEIKZEXT K
AWM BERREIIRE, MM T NIERIBIE IR E, IETR AT R R, DA N U Rt . KA
IKEFHRI AN D EC AR =28 T — @ MR, BAE— @R IR TR KR AR . (6 I TE A 7K
H- VY A H P s A 0, AR E N BB 5], i FAR T AR AR N s M, FI E AR
Bef%. BT RVTRBEERT, FARER, KMAME, KETFRIEREK, KK EBEEITF RS SR NEN
ATV AR, (AEFEN ARSI N R S T — e . 554, FRVL TSR A K 2 H0bh 2 f ik
FERCT 1993 4F, HEAIZE 2000 GELAE,  H RTISRS G R T K 2R 2 85%, /K K PA ik 3 B SR T
W O ZUK RS 24 JE, T SO BIRER/IN K B EUE BE[17]. K RS B R R R A TR YR
PRI, RS SRR TR B TR

Table 1. Statistics of the main water engineering projects in the Minjiang watershed
1 EIE B AR TS [15]

TARIH FITTE AL J 1 AR km? JEZ10° m? e 18]
K Ak EE i) T 52,438 26.00 1993~1996 4
K GR(EEEKR) 4766 8.53 1980 4
LB K PE W 5184 7.40 1978 4

i IR K RGO TR 1325 6.25 1959~1971 4

IR DK B PR, BERIL&L 25,562 1.64 1989 4
IKIRIK JBEENTR) 3784.5 1.10 1994 4F
R PE KPR (R R) 554 1.02 1986 4

W M EREAKES N AN B, BB BUEAUR 1959 4F, B TERURTE 1971 4F.
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Figure 1. Location of Minjiang watershed study area
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2.2. BHRERBEFMARTE

1) Flashiness #5%t. 7K 3CHRREHURITHRUR A THR(TTIG) IR EAH). & BREEH) KRG
7K)~ R (L AT K SCEGIE 60 ESR ) HART R M HdE . 35T Baker 4 A[7]32Hi ) Flashiness f5%5 70 Hr VLI
AR RN AR, HAt AT

Z|qi _qi—1|
A=
ZQi
i1

UH: FI 4 Flashiness 641 o NHIERE: i HKRE, n = 365 (366). Fl &—/NMOLENAMIEEHME, NT 0~2
Z[Al[12]. FI T 0 ZoRmsm@ims s/, Fl T 2 ZoRmisn H 2R s sk,

2) B B SR RAREBFN) I THE . AHIT 50 R B IR BOE AT R 0 0 B, R REUL G B ik B
TN, RS 5 18]. AW FIET Lyne-Hollick S35k BEAT 3L 1970 85 B L e B4

3) Mann-Kendall & #5450 . 114k Mann-Kendall K364 72 A T FI A BFI {H &b R5[19].
Kendall 7 #12¢ R EH HE S B0 536 10 7 vk B & e i AR B Rl MR A G R R o

Kendall 7 A6 RE T8 Gt 2t 5 A =0 F[18]:
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KA. 7y Mann-Kendall #5¢ &2%: U2 —F08H: Ve300 H : n kA,
MU MERR. VEB/NNY, WA EERGEAIIEMSE; 2 U AR, VAERCRE, WA E 2R A
R UM VAT, AR RERIGHIMEIRR,

3. BRE S
3.1. BT EIBIE% Flashiness 35822 T 1L 4E

YT PUZ&SCIL ) Flashiness £ A T B8 4E.. /T 60 4F Flashiness #6412 Mann-Kendall 7347 7] IL(72
2), H o (HB/NT 0, KESRFIAMERRIN P E/NT 0.01, & Hi&K p E/T 0.05, XUiHIT 60a e #iT it
PAE AT B U R RS, Horh st B3 TR, R AEER SRR 1) P RS, YRR
T FREEAAHE(E 2). BANE, KEEMERFARRBEEIEE K, RIAE FIAE L HARREEE K(WE 3).

@

Table 2. FI trend test results of the main stream and four tributaries of Minjiang River in recent 60 years

2. BIIFR. MUFSORIL 60 F FI EEHEINER

ST/ T p BEM K33 A
IR -0.2734 0.0021 e 5 2% + Ay
[GEINES -0.2164 0.0140 i pEam|
VR -0.0943 0.3175 NS WEAT
KA —0.4476 0.0000001 & TRERTHIK
=]y -0.0988 0.2548 NTES Ty iss
Table 3. The statistics of Flashiness indexes of the Minjiang watershed during 1951-2012
%= 3. BT RMRMEE IR 60 £ FI ESHHE
48 B Fl oK fE Fl 5/MA FI F31E
R 0.43 0.26 0.34
[EEiRtS 0.36 0.19 0.29
I 0.34 0.16 0.26
KAHIE 0.68 0.27 0.47
[ETRA 0.38 0.16 0.25
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Figure 2. Streamflow flashiness indexes of Minjiang watershed during 1950-2011
& 2. 1950~2012 F @ TR & 3Z 7k Flashiness 5%

3.2. @IS BFI I a0 e I 4T

I 60a K, VLTI Y03 KARIE L& iR @R S 48 BUBF) R & 4B T B 2 1A 4k (141 3) - 248 Mann-Kendall
IIMT(EE 4), o205 0.2135. 0.3319. 0.5234. 0.2367. 0.3141 HZEWHMEHSAE 0.2 LA L, VLT p /T
0.05, HAhSZIRM p (/N T 0.01, ULHHLT 60a KL TmIEmEHRE BE R LA, R -ompiRfk iz
W I LT B 3 Ak 4 0L, VLRSI RIS R I B AR AR R ARE, BRIV, VR &
TR ERIB R E S T EEM AR, HEENHEEN EAEE U052 m VL5 P 4% SO AR IR
K SCH RS E R AR T B B AR BR AR AL .
3.3. IKEEFE X ELFE Flashiness 1§ R =&

BT [HYLHI 1950~2012 453 60 4F1 HAm &5 E 2.2 11543 Hir 60a [#VLSK Flashiness fa %, FEXT
FI 4850 TR R 8T, a5 R ILIA 4,
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Figure 3. The baseflow indexes of Minjiang watershed during 1950-2012
3.1950~2012 @I FRS5AZ R BFI 65
Table 4. The results of M-K analysis in Minjiang River in 1950-2012
= 4.1950~2012 @I Fi/ FUKRZA BRI {ER M-K RILER
T AAFR T p RENE
IR 0.3141 4.0051e-4 e 5.2
iats 0.3319 4.0588e—4 e
88 IR GHIEHH 5T
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Figure 4. Jumping point analysis of Flashiness in Minjiang River
4. @I FREER FHIERTER S
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Figure 5. Jumping point analysis of sediment discharge over the past 35 years
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B S5 AT, FEVEFR YR & IR KRR ISR M 2 50 HI/E 1984, 1993 (2000). 1996 (1998).
1991 (2006)F1 1997 4 Y IR 5 pii o B [ VL9077 U6 7K STty s b 264 AU (8] 0y 80 4RAR, LR DU 26 S AT it o
(7K SC P YD 268 s ¥ 0 A AE 90 4EAR A 2000 LAJG, B AL (o) 71308 30 % v sl R R 1) v 0 U o DAL ke
1978~1992 4 FH 1993~2012 4F B /™I [A] B PRI AF~F- 34 22 A7 X LU (L4 5) . HH 5 AT, 1993 4F I J5 & 7K Sk
SUBTINAS BAEPYR RI R AE T — BB, X RN T K LS B RR T R AE A VLRI v 2 R A T I A
o, WL T AR5 . VT S04 R 2 A0 i @ i T 1993 4F, HEJl2 2000 4ELLJE, H ATisssh g s
ST R HIEH) 85%, RHUBERIAH @ i firh, KEFRIDHEN BRI, AR ARy EE . X
e LU EE ) =T (i R N N S T W1~ G w13 NG 4 T VA S SN R P N R = SR

Table 5. Comparison of the sediment discharge around the year 1993
= 5. BILTREIRAKIC = 1993 FRIEFHIPRTH/kg/s

A B 7 L EY WEAW | FKZRTH K
1978~1992 4F 201.44 42.88 31.28 27.52 25.79
1993~2012 4 84.40 30.34 33.42 59.62 31.78

AR Y% 58.1 19.24 6.8 116.64 23.23
s, \
4. i

T 60 £E3K, RV ER KRR FI (2R E 0 T A RIERE), & 1EN FILERE T,
11 YL RASVR FI 2B — 2 0 T R&ES, (H2 NRaAIEARRE. FIE FRERFER, SREN BRI {H21H
2 -7+, Deelstra 25 N FIBEFE R FIAERZARGS BRI ARG 2R3 ARG O R[10], X5 AM FAHRF & -

B RS AR LRI ALE I PERAR R FI RO T 28 5 U ST I, TR LIt i A6 IR 5 PE IR
FIFREG A S /Ui 1992 4R [13], JURIIKRISHIRZET R T F 5, B 1995 LB I /7% /K fsti . 1996 4F
PG (175 B RS (AR AR B A, JURT LRI K FEF A 0 BE ST IR o 78 S et B B 1] 45 7K RSl s g 1 PR BT ]
FEAR—3, UL LRI IR A S 52 /K BT R R A R A R . TTAS ST A (0 [V L3, P $8 4R
FR AR S 0, BEIE]Z0 1968 AEAN 1970 4, HARRISHEA MR T i, X S5 /K S ERROT K 1 EROR T
90 FEARTERS [A]_EFFAS—5, Vi BH VT I SRAR It 9% s 52 7K F I R s BER i AN BBURR . 32 B 2 1 22 S5 1 DR LR ]
RESL 2R /NS, VTR AR KN 60,992 km? (AR E A Bl AR i —2F,  HSRAE, R
N2 KR TARRISEMAEL /S, T /U TSR AR 9083 km?, PHIRHIAN 3946 km?, s ARAH L VT BN, 12
TR B2 KR TRER BN A SRR, 7K T RE AT 18 7K 7028 A 1 52 M 52 3 38R (1 2
TR PE N, E KIS A2 /KR TAR s el B BUR, FO 5 PR AUk AT [20] o [V IRtak )4 263 35a I 1
IR, KR AR R 2 — AN EE MR R XIHTE IR 7RI, KT AR I K DRV 1 S
N, SR SRR FE R TR R AR B [21] o AN ST T 25 5 A SO EAR T, R A JT 45 R 5 T 5.

5. &hig

1) it 60 R E VLT A VY 2SI AR IRRIE S /K SO R A2 T — e ARk, RIAE FIER) T A BFIE
bt B E R RE TR, KREMEREIHAREEN TREES, BT R T EEARNHE,
AR S, RFERMERMERENMEE R, RIE FIE AR RIEE K.

2) T VTR OR R, K T R 1A, VT AT A2 I P 38t 30y 1 A2 7K F T 2 2 W PR S 5 AN UG
A EIRN FIEAE 1968 41 1970 E7= 445 7 45 .

3) KN FIR R T R AR 1 B Y LSk b 2 = AR AR S S — AN B R &R
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