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A R RF AR AR IR U T Ui Sl R AR AR ST, A0 TR 6 K ™ A T B B 38 S, 4 I ok
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ko SERFRM, 5 B OK A AR A UK U R AL T RO 5, B T KBRS A, IR ROTIR
JEL )7 SR AER) TN AR 5 T30 3 i R B T TR o 30 16 99041 77 i /s ) i) A5 4T kK i 15 52 0 A 5 At B
WG o Xk 3R PE R AR A 0 BT R W, SRS AR RO AR AU P R A5t 2 WK ) T AR A el AR Y R
AT PR LR G .
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B HE A AN B oF JE , TREOAE TR 2 A R 2R R A R K R AR o 3 2 TR 0 O A I B AR
PR T AR, KL T e K I K SO AR S A e AT " . R, ZKH T
RRGOLE . R RN BGEAT 7 2200, 5t A3 K R TR 7K SR i S — 300 R ol 1 AR

FIHIT =5 K R R 52 0 0 Uk K U A PRl 25— 28 iR R o A MK S R e, R X
S KR TR W B (07K SCHERMIEAT X HEAMAT ™", —FRCR DR S AR DG AR BT ik o B 0 DL
TR ARG B) LA A Rl HL B = HLELE A, HORE X K R AR A K SO0 AT R A
IR o 5 8 W A K SCRE R 1N 2B B OK R TR R p AR, AR 2 40 A UK SO AN CEQUEAU
PR A AT R e, AT o B 1 S HOR B R OK R TR R L SRRy 9 BT B KR TR S
frffe ez, DARXER F T /K R TR Ak 2 HJCHH o 47 B i 4. 38 B B OR) TR B9 B8R E
A, TN KR TR AL VER AN R BE YR, MR PR A, Guntner %R T — K PERE
(R A 7 1k o ZTT IR SRR TR 2 RN R K B 23 A [ B 28 Y, R T g A ) 286 28 g K %8 3R & )l — A
ME P B, i 2 A i 3 1) K B Y i A5 8D o 25 R UL K P A 38 AT AR AL, DT R Al 17 7K B P 17 455 0 X6 /K
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i 1 A S 3R SORE Y 25 K IR B2 Wi O vk, 4 SR R W% 7 i R A A4 e IO i A B UARCR o AR,
DR AT G B ARAT A (8 HOE AR AR, X LU T A RE 2R A5 1 38 K a9 3 38k

FET BIR B, ASSCHR S — OB B9 25 R KR TR R e A K TR O vk . B e T IR A KR R
B, R AR Z KR TR A B — AN K P, I AR 25 7K R 7 ) 5 A 8 3 AL i) o 2R 6 7K 1Y) B KA
PR s SR J5 £ 57 TOPMODEL FiU i B A, I F I 3 K SR /K SCWERE R @ BB S 800, PR 3R A K
14 % K B 5% TOPMODEL &L BRI 2545, A4 8 25 18 /K A1) T 52 ) A 6K BB R 5 5 ) 7 = 1
JK 2R T T8 A LA 3 s A S A8 6

2 WXL

F UK AL T S AR R A S AR YT b, PR SR AN 42 500 km®. STAESR, BE R AR H Y
TFR, Fdl i KR PR ALY Ol T G XK B R K R, RS TR 1 RN K
I, 2002 45 =8 & )R TR R R A T K AR R, & B A G S8 P K T TR K T 4 000 m®
B K K ARAS B FE 3R 3] 19 3354 b K T 41 B 4 A 3 0l K P2 3 3k &) 4 o 34X K EE KX (1
X)), FBEELECT )M A AKRER ECIX) . wfk B, T I XA /N T K 2 F3E 30046 KR T2
AU X B g, PR XK e 5 30 400 4 il T FRS 31) 8 445 km®, M N I 38 1T AR 1Y 35.94 %, W E
KA IR 102142 m?*, 2 F K M 110412 m* 9 9.28 %, Bt A 27/ m* B9 37.81 %, i, MK
7K ZE 5 0 IO 5 o TR AR B 7 421 km®, 7 A D 3 38R T FR Y 63.98 %, X 7GR A R A R o 3 AR 1 it
KT S et F B, I DX P /N K B R O A R R DR, AR SCRA R T Xy R T
WFSE, VIR K ZR . KPSk SR L LI 1, £ 28 BOK R TR A AR 36 1.

W‘*'E
§ s
LN EY
\
A
\. < [Cifisin
g i
W e
. AR L e KUk
| ERERCIUNREE R ' [ PSP
o 15 30~ 60km I A RN K
< yEMm
B i IR
F1 o FWE N XS m UK A B G
i H Y AN K P R K KA s
I FEX100m? <0.1 0.1~10 10~100 =100 it
AH () 476 12 1
JE 28 %10%/m’ 54.62 407.70 179.82 316 958.14
T A L 1% 5.7 42.55 18.77 32.98 100
1 T AR /km 2252.06 3891.56 729.65 548 7421.27
o7 SR TR AR L /9% 30.35 52.44 9.83 7.38 100
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3 TOPMODEL # 7

31 REINE 19794 Beven 5L M T AR I N FE Al A9 TOPMODEL B %L (TOPgraphy based hy-
drological MODEL) . 2 A5 4 i 4o - 38 5 /K 5 R ) o 77 i T AR B K/NVFI AL '8, HE LBk/K 4 D A fR A
Tk LT KR 2 22 (D< OB B AR AT PR TE AR ), 3 S TR K S T B O R IR 2. L
HuIE 6 5 In(a/tanB) 11 25 [1] 43 A 2 S W It 307K 53 75 i 19 2 8] 73 A1, Hevh ook B 8 B3 T AT — s A B 67 55
AR KL o tanB iz s AL B . BRI S5 R AN 2 s o

Rl t B L b dof
Srma B Qul = max (0’ Suz -SD )

REK SJ[ |

I SD §()

SD=z —% 9y
q. = Sl/: ‘
HAIx S Z L — )
Z:+1_;'_Q»I_Q»,[ Al @, 72(]”‘ v qbe:QOEXP(_Z/Szm)
= 1 ]

K2 TOPMODEL % # 2& #y

K2, RMFEWE, ERNz&KE, S, HRRKEKREGKE, S HRARXEKE, ¢ HHbHEE

. g, W, QN WIIRETIR, o MM R . SD BT ML R KK BR B, A T I E KA
i, S, AR EFEEEIE M X G KE, YuT AR x o i R ST
S
X=ﬁ (1)

R A5 AN [) Hb T 6 50T A9 S 40 R A5 3 (4 25 B - R AR N B 0T DARAE - HE AT I PR RN O, RE S S
ISz e 3 5K S s A . BB A T LUE Ly WP A B W, AT DAL AR A X 1
K3 32 H
32 EREAMEE ASCHHBEAE . BT EEE(DEM) . koK SR RUKR TR G R . I
e (1)90 mx90 m %7 = #2 I (DEM ) M 42 BR M P45 E8CHE 2 2k A5, BLARIAES : Chutp ://telascience.
sdsc.edu/teladata/SRTM/version2/SRTM3/) ; (2)1953—2010 4F 71 1 74 7K 3C 3 #4937 Y it /K B9 3 15 8
FAAIE K F 22 B3 45 (SLRCC) 424k 5 (3)1953—2010 4 15 /> FR &= 3 (19 H B {5 18 5 PR K SR 4 i
(4)1953—20104F At dk H /K 11 28 & B2k b B SOR R 22 B 2 2 IR 55 4R A5 (5) R/ IvK R 15 B
Y P 3T K I 25 03 &5 (SLRCC) 443k, FZIALHE 1) K AU K | 12 )3 v ALK 22 i 23 Ja A 98 b /N ALK %2
1993—2006 4 5—10 J #9358 H A JE i it 50 RE GE 40 /NK PE GRS B 6—8 1) o £ AR AUIE U 4 S it
15 B 5 M K SR R4

4 25 B IR TR R R A L 7 T AR AR Y

41 RBEKEEBTE T /N KE LI ITE 0K i S22 17 BT HR e s i 6 34, H.
AT EEM G X LR F TR ZR A R, NIt , A SO T 3R G K P REAERE B Ay vh /N K P T i 3SR &
AR, IF HE— 2B W T % S K P R B OK R, DA A B D oK A I Ik UK B 25 5
Wi o B KPR A TR R

(1) REUK o BTG SR A — R BK P, AR T s S 5a A7 BERE oK 2R K SCRRAE ALK P2 BT
SR BT, R PEAEAR K AL I 2 % KA B B E AT, 7R VK2 T RE 2 i TIRBR KL, (H
HE oK G5 AR K AL FEA A R AR TR KA, ISR 5 PR 4R R o

(2) R /NBIK P v /N R KR AR AT WA 1) 3 B2 RN, (ELAR B K e BRAT I8 A5 SR e A vl i, A
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YRRk v B K P E W PEAS MRS S LB R 63 %, AT HERE/INEY K P TE R R 2 o5 R 2SO 1 L
72 %, R LL A /N RUK B S ZS I 70 %VE R RA A .

(3)WEIL, FEIA N THsHIRe 522, HPEZR KON A K R b i 22 3 i, DR ol I %
BAE RGP
42 BAKEBHEBE KR TR KR EZA U = (D)7 I A ET £
DK, W RGN, WBAT I L ERE , R NE  (2) VR R A B RN B 2 R A ik
K (3)BEFFKBEWES, A KR TR, 07882 3K A7 K — R i ok, 398 Rk it i
WA o B K ) TR St T K B ) 3 T TR A K RIS A /0N B 114 94 5 1 T R K RIS A R B £ I
Mo WHIRARE, HHEFR, KESFEL TSR, e & AR K, AR TR K™ 5
WML S, EERIMNEEEM . MEFEWN Rk, LR TIMm, KEQZEEHEW, K
TR BOK B g/ e MR R FFEIRE, R TR E Bk, 7EK —R M, A2
MWk, HEEE AT REE S MG . BIRR, 228 & MBUH/K M mT, RLCh T HE R 4 K
T B, KR T AR NP AR K . AR DA b A 57 B A K B B ORI, DL IEL 3,

i35
8,>A A
5 P 7J<$'JT5F‘“ﬁﬁl?TI

I B

PEBER S

6:2<A {ﬁ i /‘Q/’ /’-\
KT R O

I3 BA K R
P 3 eb, 26 R o o 37 O R K B 1 25 AN I 220, BRI A Sk I BE RN EORCE, GBS K E I
B, H PRI /N KR LR TEI 10, PR e 2 RN T AR R A KRR EIEM,
BEWERKT AN REAKERI HORIEM . & 1Ak ok &R A8 bl fe s iR TR
I B ¥ TR 5 B K P 8 il R i AR A A, B M 2 TR O ke =[ (A=-8)/A 1" i 2 I A I B /T 42
BORBHK B R AR R, BRI R I R k= (8-4)/(1-A) "o b, A m. nHRE
AR 2] o BB A 7K PR 36 K B34 0, 7 P X kK meg A T el 422 8 W A IO, K P PR A ) T
AT ) DX, B RO A T o P BB KR RS WA RIS o S KB R i P 3 e A TR, o,
RSB itk s AR B BOUKF LR Wi, Mo <A, BIBRIZERAR =k (R, Mo>ARf, BB
R AEAR, =k, R;s Q N EREEIBL A UK A 5 Q S 25 K ORI TR 52 M) 4400 1 kK )
4.3 %E*ﬂlﬁ%M%é*ﬁﬁﬁﬁ#ﬁm& H T G35 3R AR Ik K & A B oK R B 35 0 R (K1
D), PR H AR SR S0 1y 1t 7 A I i 39 e T FRL T o e T3 K T B8 00 0 5 S 08,0 0
BRI xo FT LA i3 300 2 K 0 B S ACIRBE , DRE T R GK R BIR R AR, 0BG K E R
A AR R 5 AT R R R p D T KR AR ETIIK R AR, X RAKIEFE WA HEENA
PESZR o 3 [ 5 i kK R AR I KR AR B R OO o R AR E K PR B0 46 75 T 8, 5 T RS AR A
JE xR IR RS T R R TR p R, AR A K AnF
8,=Bx,/+(1-B)p, (2)

IR B
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1, P=P

n max

P 0= 0’ Pmax >Pn >Pmin <3)
-1 4 Pn < Pmin
KPP ORHK A 0 R R sy KR SRR o B n. P P K

RIZH, FIADKA) AR KA 5], 0<5,<10

5 KA TARE R i kA S AR AR

(AR LK S A 1R B R A U2, 3153 Hh K R B0 46 38 W6 328, ; IR AR I b /K BT Ak g 48 AT HEE 1 2R
BRIEEZS Vo WR G IKIEBIVIIG 2R vy=8,V .

(2) 4 Bra=1, MAG6, R G K E MM BIRHOK Rk B E Rk, |, IS 2] Bk A
TR EFE AR, SR REAR, 3 BEKIEBNBEARIER N v =0+AR, | B v,=0,-AR, |, &=v,/V.

(3) M Bru>1, MRS, | F1EE A /K P 5 0O 0L 1115 B I Be AR i oK 6 b, B & Rk, . AR
B BOK A TR 2 5 BEAR, BUBURRAR, 3 B KIER N BORER N v=v,_+AR, Bv=v_-AR, ,
o=v/V.

(4)BIE R AR A B A 45 2R R, 45 2K A TREZ 0 R AR B IR R 7

(5)i=t+1, #<T, WEA(3), BHWEAC6).

(6) ARl KA TARSZ 0 T A I Be it R, A% 2K A AR 0 T Y3 KB 45 520 7

5 HER Ko

50 BERBEKEER [F—FRB0BCR MR R KRS, B4R TR R K EEA T
SRR AN A AR AU A R BDK M TR A ST SR RIS AR AUR AR E R, SAENRGKIEERITH

ZER K2,
£ T LA B AR KR TR R A K R R 2 ST

AR B 4% 10%m’ BE 4 %x10%m’
AR BEKEEZRX10m®  PrA N 2 HH /mm
EN Hh JE EN Hr/h 0
50s 61.0 54.6 0.0 42.7 54.6 97.3 7.9
60s 198.0 54.6 0.0 138.6 54.6 193.2 15.7
70s 316 405.1 54.6 124.0 283.6 54.6 462.2 37.6
80s 316 463.5 54.6 124.0 324.4 54.6 503.0 40.9
90s 316 525.7 54.6 124.0 368.0 54.6 546.6 44.4
00s 316 587.5 54.6 124.0 411.3 54.6 589.9 48.0

52 RANRSTHEUSHEERITELER @500 K 445 A vl A0 3R 1956 48 LR /K F) T
A, ik, afRUACKH 1956 451 LKA & KRR AS T M= iDmvLs], A 52 RRRET
MIRERL 280, T 1956 4F LURT AT 56 8 52 00 55 kL9 37 LK B b, B UAY R B 1953— 1955 4E [6] (14 4 37
HOKHTFSECRE, 2K TRE . TS8R E M2 PSOFIL™ . S 0% E I A5G E
W) R B A SR a2 3, PR AR RS SR W’ 4 BT R o

F3 RORZS T HEEL R E IS, 5

iless % [ it /mm S RN /mm AL FR /mm X R 22 1% EEAGHK AR
19540814 81.5 55.2 55.2 0.00 Gk
o 19540622 96.0 40.3 41.1 1.96 s
g 100%
19530821 226.7 173.3 173.4 0.00 i
19530801 112.7 80.6 72.2 -10.45 G
19550719 158.5 93.6 88.2 -5.77 G
965 4F ) 100%
19540918 109.1 86.8 86.8 0.00 G

— 312 —



1800--I l I—I 0 1800 1 - 0
1500+ [ 10 1500 10
2 1200 . [20 - = 12001 20 ¢
£ - 30 £ = E
= 900 = =< 9001 =
I [ 40 5 o 3
= 600 | #5600 =
Sy 50 Sy
3001 2 L 0 300
0 T T T T T 70 0
8/9 8/11  8/13 8/15 8/17  8/19 6/19  6/21 6/23 6/25 6/27 6/29
W === S0 B3 it W T = =ee = S0 (RS
(a)19540814 k7K (b) 19540622 ¥k 7k
80007 0 3000 1 W 0
- 20
2400
5 6000- Fso 5 SV
s Sz 1800 - 60 E
= 4000 - 100 = = =
] & 1200 [ 80 E
pe 2 - 120 ©
2000+ " 150 600 -
- 120
0 . T . - T 200 0 r T T - T 140
8/18 8/20 8/22 8/24 8/26 8/28 728  7/30  8/1 8/3 8/5 8/7
W [ === S [ ERIRiTY I [T = e S G — L
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i 1 80 E i 1200 S 80 \E
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7/12 7/14 7/16 7/18 7/20 7/22 7/24 7126 9/14  9/17  9/20  9/23  9/26 9/29
— - S LD Bt — T - e S0 3 DL 3 B
(e)19550719 k7K (119540918 it /k

P4 2 B0 TR0 IE 0 9K 3o 4 401 45

M R SCE i TR FE T )SL250-2000 Hr ik TR AH X2 25 /N T 20 % G A% ibnifE, %31y 635t
IK AT A, WO X E S B NG (/D) KR T AR R0 R A J 377 18 00 09 36 a2 80, i A% 2R 2
B BIFFE I 1956—2010 432 /K | T AR 0 Y 26 37 17 s S T K BEATAE4RL, 4 SR ange s R . [RIARAE
FH 1R bR v AR A2 SN B A 70, HL26 UK P IR B 78, BRI 73 %o XA
B UK AT BT R B, KR TR X K (0 52 SR TR . R E UK, e b T A ) 3 2
R 3 SR Y 20 %, TR AT EE 7K A 20100704 F1 19960720 fé 7k 7K 77 i 2 B ULE 43 51 My 45.9 F11 56.6 mm,
SEIAY A 29.2 F129.5 mm. TR HEK 19600824, 19640811 BEHUE H S2MI{E K T 38.46 %H129.24 %., i %}
FEWRIIAEK, AT AT, KR TR AT B B Sl R R AR O I T, ] N K g I
S BEEE A N E IR G O, BRI /N T SRR . 4019640816 5 BEK AT A — 7R N kK 72
B LK FERR 137.5 mm (K A T A2 HEL RS B0 s 19910722 F1 19910731 51k 7K 75 Aij 1014 14 FR 1 e 1l i
fithh SRR, KR TRRREE W, BB AR, DA H 11 U T AR g
53 ZERAFNIBZMMERGTEER ARLORETEASH IR b, A4S0 kK 308 H ik
IKEAERTRAKIEE KRS B=07, P =90, P, =20, 1=0.5; REKIEZEMEESEA=0.7, m=
1.1, n=0.5. 25 E/KF] TR 5005 i B K P= ATl aE S 0Lk 4, 1815 o0 25 JEOK R T RS 52 i iy J5 94 780 71t
K FEXT L

R4 LIE N, FEKOR TR 5w J5 BLUOR B A KRR S, TP A B A& IR 73500 R 0
Y, WM 73 %15 4100 %. 19960720, 19640811, 19600824 F1 19600806 = it 7K % /= Hif /K J2E 1)
R RS, 28 %\ 52 % . 8 %M 21 %, RIHEKKAEFIKA TREKER D, ATEEESK
K, JE IR A KR E RO AT AR B 7 O K W R R E R, 45 A BT 8 IR AR 325 R KR T
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RSB A, SR S R A . TS 19910722 Y UK K A FTK ) 16 E S, 99 %, B
HEOK S A B KA TR B K AR, AT RO P A R, A R K R R O AL P R A B 37 U K A R
B, 7 R I B bR S B AT A S PR R

4 KR LR RIS AR S 2R

) S 4 TR 50 m%ﬁﬂ(ﬂiﬁﬂﬁﬂ %;Eﬂ(ﬂl&%ﬂﬁffﬁ I%;ﬁmﬂlﬁ%ﬂﬁ %mmu;&%m
/mm HBE AL B /mm L134¢ FT /mm B AR X 22 /9% PR X 15 22 1%
1 19560723 81.6 71% 89.0 87.9 9.07 7.72
2 19570823  117.5 63% 110.6 109.5 -5.87 -6.81
3 19600806 87.1 21% 108.4 99.1 24.45 13.78
4 19600824 59.8 8% 82.8 69.6 38.46 16.39
5 19630718  106.5 24% 120.4 113.1 13.05 6.20
6 19640811 50.6 52% 65.7 60.7 29.84 19.96
7 19640816  137.5 99% 106.2 110.5 -22.76 -19.64
8 19710805 76.8 14% 91.8 68.2 19.53 -11.20
9 19750802  102.4 53% 114.9 107.7 12.21 5.18
10 19850808 90.7 62% 77.7 73.9 -14.33 -18.52
11 19850817 99.1 47% 119.4 109.4 20.48 10.39
12 19860804  112.7 60% 104.2 94.7 -7.54 -15.97
1319910722 73.6 99% 55.9 64.0 -24.05 -13.04
14 19910731 83.5 66% 73.3 71.6 -12.22 -14.25
15 19940710 59.2 66% 67.8 60.5 14.53 2.20
16 19940818 91.0 55% 89.1 82.7 -2.09 -9.12
17 19950731  267.6 23% 253.0 232.1 -5.46 -13.27
18 19960720 29.5 28% 56.6 33.1 91.86 12.20
19 19960726 39.6 74% 43.5 46.0 9.85 16.16
20 19960808 33.0 65% 35.2 34.9 6.67 5.76
21 19960813 61.8 62% 60.2 54.5 -2.59 -11.81
22 19980807 28.5 79% 27.2 30.1 -4.56 5.61
23 20010704 29.2 37% 45.9 26.5 57.19 -9.25
24 20100729  109.6 16% 123.7 92.7 12.86 -15.42
25 20100810 81.1 63% 86.2 77.0 6.29 -5.06
26 20100824 78.1 49% 80.0 67.6 2.43 -13.44

HEK & A i AT LAAR 00 B 05 W R E R A K ER IR B KCIRES 15 235 IR K i K i i
SR BE & FEK L B AR T, KR TREACRES KA, MR A KR OB LR AT L SE i 3l 25 46
BOKF TR E AR, T84 2 LXK & E M o 45 R Wos, 5 KR AR 35 v i kK
AR DL 3 R S S K e R ke EL A AR e T Y T K A AR R A A A R A R R A K R R K g
FERYFE M 43 hy 3FPAA  WE S fim : KM (a), KA AERMBEWNEZ, B2 HERERE, KF T/
FERE /KR TR E KK Z, RAIKERIZ L BEK 52 0 25 G R R BORAE T, 1119910722 5 it
Ky KA(b), BOKEAEREWRE D, WELEETE, KR TR D/ NKR TREE KK, B
BKEXTZ K 2 25 5 RN EEA, 4119600824 119960720 5 kK 5 KAl (c), K E
TR D, W2 R TR, KR TRRERR R /NKR TRE KD, HKERBER, BE
K PE X i S K I R w R B LB, B KA DR K RN, ek ROk AT S R EA
W AR, 40 19600806 1 19950731 5tk .

6 g KJER

AR S5 B U N K ) AR AR A A HESROK R TR R G A, AT 2 Al sOK SO R —TOoP-
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1= 1280 L75 H
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640 1 . :}gg 2000 F , "ee. [1802
0 1 1 T 1 i i 1 1 135 0 I ) Fitil 1 ) . el = 220 &
7/20 7/23 7126 7/29 8/1 8/4 8/7 8/10 8/13 717 7/207/23 7/26 7/29 8/1 8/4 8/7 8/10
I [ A 1)

KM (c): Je & MO AR
FS % kR T MR i 3 55 UK R I S

MODEL % 7 A4 2 /K R TR 5 ) 3k F 5 G 7K P 5 ORS00 i 0 K T34 7 %, 94 L0 A F = 0
XA N 26 kK (B 25 R B, R ARIRES T AR 70 2 B07e K R TR 52 i 3 1) B 40URS T
PRI, N R 9 380 8 K SO T AR (9 i o i 25 JE K R TR 5% i) S A RO G 4 R il 73 % iR
#1100 %, FLfH 3R G /K 3 SR BE 95 S5 BRI R A K R BK TR B OE A, B IE TS kK
T S S R W) o A X 3 2 Y ) R G R VA T4 A 3 I SR K A AL PR 8 A i T
WK A T REXF K B 22 A 1R .

BNZ AR SCEE A P R K R TR S ) 1 3k K TR 5 v BE A% S K R TR AE — S5 K ) O
B, PR T UK S R . (A TR R iR 2, R — IS R A P R
BB MESRAT , XA R e T 2 — £ 058, B4, TOPMODEL A& F 2 2 A U4 A,
e WY 45 BRI 1030 43 Ry AN [R) 8 8 08 77 DX I, TR 4 T ] 25 G 7K R TR Y e B A R 43 A K ORI I
FRIZ AT X G Sk k7K 1 52 et A 1 i — A BT

& % X #:

[ 1] WANG W, SHAO Q, YANG T, et al . Quantitative assessment of the impact of climate variability and human ac-
tivities on runoff changes: a case study in four catchments of the Haihe River basin, ChinalJ] . Hydrological Pro-

cesses, 2013, 27(8): 1158-1174 .

— 315 —



[ 2] HUOZ, FENGS, KANG S, et al . Effect of climate changes and water—related human activities on annual stream
flows of the Shiyang river basin in arid north-west ChinalJ] . Hydrological Processes, 2008, 22(16): 3155-3167 .

[ 3 ] BRATH A, MONTANARI A, MORETTI G . Assessing the effect on flood frequency of land use change via hydro-
logical simulation (with uncertainty)[J] . Journal of Hydrology, 2006, 324(1-4): 141-153 .

[ 4 ] KEZERK, MATSUYAMA H . Decrease of river runoff in the Lake Balkhash basin in Central AsialJ] . Hydrologi-
cal Processes, 2006, 20(6): 1407-1423 .

[ 5] MAH, YANGD, TANSK, etal. Impact of climate variability and human activity on streamflow decrease in the
Miyun Reservoir catchment[ J] . Journal of Hydrology, 2010, 389(3-4): 317-324 .

[ 6 ] WANG G, XIA J, CHEN J . Quantification of effects of climate variations and human activities on runoff by a
monthly water balance model: A case study of the Chaobai River basin in northern China[J] . Water Resources
Research, 2009, 45, WOOAII, doi: 10.1029/2007WR006768 .

[ 7 ] SCHREIDER SY, JAKEMAN A J, LETCHER R A, et al . Detecting changes in streamflow response to changes
in non—climatic catchment conditions: farm dam development in the Murray—Darling basion, Australial J] . Jour-
nal of Hydrology, 2002, 2002(262): 84-98 .

[ 81 FoEak, fss, PR, 5F . muk 8 ARG SE M T 25 B 12 iy il o Jok B[] . K240, 2015,
46(4): 414-424 .

[ 9 ] PAYAN J, PERRIN C, ANDREASSIAN V, et al . How can man-made water reservoirs be accounted for in a
lumped rainfall-runoff model? [J] . Water Resources Research, 2008, 44, WO003420, doi: 10.1029/
2007WR005971 .

[10 ] CALLOW J N, SMETTEM K R J . The effect of farm dams and constructed banks on hydrologic connectivity and
runoff estimation in agricultural landscapes[ J] . Environmental Modelling & Software, 2009, 24(8): 959-968 .

[ 11 ] ASSANI A A, LANDRY R, DAIGLE J, et al . Reservoirs effects on the interannual variability of winter and
spring streamflow in the St—-Maurice River Watershed (Quebec, Canada)[J] . Water Resources Management,
2011, 25(14): 3661-3675 .

[ 12 ] DEITCH M J, MERENLENDER A M, FEIRER S . Cumulative effects of small reservoirs on streamflow in north-
ern coastal california catchments[J] . Water Resources Management, 2013, 27: 5101-5118 .

[ 13 ] DESCONNETS J, DIALLO A, TRAORE O, et al . Exemple dapplication du modele CEQUEAU-ONU: évalua-
tion de 1’ impact des aménagements sur les écoulements de la riviere Nakambé, Burkina Faso[ C] . TAHS Publica-
tion, 1998, 252: 375-385.

[ 14] GUNTNER A, KROLM S, de Araujo J C, et al . Simple water balance modelling of surface reservoir systems in a
large data—scarce semiarid region[J] . Hydrological Sciences Journal-Journal des Sciences Hydrologiques, 2004,
49(5): 901-918 .

(15 ] 5, Wik, KR¥FE K, % . TOPMODEL 5 RITE 2 i i H DX A% Ui 4548 20 A v 9 0 R Bleadt (0] K R 274
2015(12): 1453-1459 .

[ 16 ] MENGD, MOX. Assessing the effect of climate change on mean annual runoff in the Songhua River basin, China
[T] . Hydrological Processes, 2012, 26(7): 1050-1061 .

[17] LIF,ZHANGG,XUY]J. Spatiotemporal variability of climate and streamflow in the Songhua River Basin, north-
east China[ J] . Journal of Hydrology, 2014, 514: 53-64 .

[ 18] MU X, LIY, GAO P, et al . The runoff declining process and water quality in Songhuajiang River Catchment,
China under Global Climatic Change[J] . Clean—soil Air Water, 2012, 40(4) : 394-401 .

[ 19 ] ZHANG A, ZHANG C, FU G, et al . Assessments of impacts of climate change and human activities on runoff
with SWAT for the Huifa River Basin, Northeast China[]J] . Water Resources Management, 2012, 26 (8) :
2199-2217.

[20 ] BEVENKJ, KIRKBY M J . A physically based, variable contributing area model of basin hydrology [J] . Hydro-
logical Sciences Bulletin, 1979, 1(24): 43-69 .

[21] CAO M, ZHOU H, ZHANG C, et al . Research and application of flood detention modeling for ponds and small
reservoirs based on remote sensing datal J] . Science China Technological Sciences, 2011, 54(8): 2138-2144 .

[ 22 ] EBERHARTR, SHIJ, KENNDY Y . Swarm intelligence[M} . San Francisco: Morgan Kaufmann, 2001 .

(F#%3247)

— 316 —



Study on the calculation model of river water environment capacity

considering water intake and tributary

ZHANG Xiao, LUO Jungang, XIE Jiancang
(State Key Laboratory of Eco—Hydraulic Engineering in Shaanxi,
Xi’an University of Technology, Xi’an, Shaanxi 710048, China)

Abstract: In order to provide technical support for total amount control of pollutants and for defining red
lines of received—pollutant limits in water function areas, a stepwise summation model is built to calculate
water environment capacity, which considers water intake and tributary based on one—dimensional water
quality model. The water function area was divided into several reaches to calculate water environment ca-
pacity by the control section with sewage outlet, water intake or entrance of tributary. Comparing to the tra-
ditional model, this model could control the function area of water quality target neatly, and avoid water
environment capacity too strict or too loose. The model was adopted to Shaanxi section of the Weihe River.
The calculated results of water environment capacity by the new model, segment first control model and
the section—end control model were 73814.43, 36159.96 and 85365.49t/a, respectively. The results show
that the new model is more modest and it could calculate water environment capacity between any two con-
trol sections. Because of considered intake, tributary and sectional velocity, water environment capacity is
also more accurate and reasonable. The new model could provide technical support for the total amount con-
trol of pollutants and for defining the red lines of water functional areas.

Keywords: river; water environment capacity; water intake; tributary
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A method for flood forecasting based the operation chart of aggregated reservoir

SUN Xinguo"*, PENG Yong', ZHANG Xiaoli"*, ZHOU Huicheng'

(1. Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China;
2. School of Engineering Management, Huaiyin Institute of Technology, Huaian 223030, China;
3. School of Water Conservancg, Noth China University of Water Resources and Electric, zhengzhou 450045, China)

Abstract: Hydraulic constructions can dramatically alter the hydrological characteristics of the basin, espe-
cially the process and volume of the flood, which make it more difficult to accurately forecast flood. In the
present study, we propose a new method for flood forecasting, which can effectively account for the hydrau-
lic constructions. In this method, the hydraulic constructions is firstly aggregated as the equivalent reser-
voir, whose operation chart of holding and discharging is obtained according to the rule of the single hy-
draulic construction. Then, the new flood forecasting method is formed by combing the operation chart with
the original TOPMODEL calibrated with the natural flood. The proposed method has been applied for fore-
casting flood in Subarea II of the Fengman basin in Northeast China and results show that the precision is
significantly improved with an advance of the qualified ratio of forecasting runoff yield. The situation that
the value at beginning of flood season and after a long drought is usually underestimated has also been
modified. Three types ot typical flood process simulated by the new method are more suitable to observed
process. All the results indicate that the method developed can effectively account for the impacts of hydrau-
lic constructions on flood process.
Keywords: flood forecasting; hydraulic constructions; aggregated reservoir; operation chart of holding and
discharging; TOPMODEL
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