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ABSTRACT

In conventional rainfali-runoff models, the direct runoff, which includes surface flow
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and interflow, was the main process for runoff simulation. Field investigations showed
that surface flow is contributed only the area near channel or those areas with high
groundwater level; nevertheless, subsurface flow is percolating water that encounters an
impeding horizon in shallow soil, where the water is diverted horizontally and reaches the
stream channel.

Since the topographic index is extensively adopted for estimating the partial
contributing area where the surface flow occurs, the topographic index is used to divide
the watershed into a partial contributing area (generating surface runoff) and a unsaturated
area (generating interflow) in this study. A geomorphic instantaneous unit hydrograph
(GIUH) model, which considers both surface flow and interflow, was adopted for
rainfall-runoff simulation based on kinematic-wave approximation using Manning’s
formula and Darcy’s equation for runoff travel time estimation in overland and in
subsurface region, respectively.

The Heng-Chi watershed in northern Taiwan was used to demonstrate the capability
of the proposed model and to investigate the influences of interflow on watershed
rainfall-runoff modeling. The topographic index and geomorphic factors of the study
watershed were obtained using a DEM. The results showed that the interflow has
significant influences on hydrograph recession limb. Furthermore, the calibrated value
of the overland roughness coefficient was found varying with the ratio of the interflow
volume to the total runoff volume using conventional runoff models. Nevertheless, by
using the revised model proposed in this study, the value of the overland roughness
coefficient was found limited to small range and having good simulation results both in
the rising and recession limbs of the hydrographs.

Keywords: Watershed rainfall-runoff model, Interflow, Topographic index, Geomorphic

TUH model, Overland roughness coefficient.
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Sk B R R AR £ BAT LUR 73 Bt %R
(surface flow) ~ Sl F (interflow BRFEHEE T ¥R
subsurface flow)EEHlF 7k i (groundwater flow)Z
=@ Htt R ERE PR B EEEE
Hi(direct runoff, BiFEHLHET quick flow) o EH#ERE
SR AR DIEESE RS 1K E 8
TE R 2 K B TR R BRI W RETE
BERERaES SRR —EMERS A
FKEREL » LIBITTEKEBNSHER - A
il ARFEREKEABEME T BRER
TIBERRE RN HOKRUE TR B R
W AFH[E (Bagleson, 1970; Beven, 1981) : W H7F
HIRRERE AR SKE PRSI E
SR RWEE A KA R S H 3K e

F 2 &8 7 £ 7k 15 & (partial contributing area;
Betson, 1964, fi#E PCA) - R ETREZ EHIRZE
B AR TR 2 A TS DB BT
TR AR - AR R FE SR /K IR A 7K
M BEWN  MEacE WSS 2387 W8k
HIR TREHREEET AR A B 2 -

Betson (1964) %% 575 58 /K 15 Y 3 i AL 46
o SRHE SRR HITRELS, - HIFSCME A Horton
ANBAR DB A KR
EIFE A BIE - Betson FUMIFEAS RIBH » (FHIE
FERERUEIEH  BKEARRERNEE AR -8
MR A Hh R B (Horton overland flow, 1§
BREEMI 2B > EhEEKERREZ
5% MER IR L2 BN - B LIP R
EITEE N - Musgrave and Holton (1964)Z357F
BB AR S RIFHIR T 5 3 4 A 18
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MR B 2 R AR b RSB AR
IR FEKSREENINES B BRI HR
(saturation overland flow) - Hewlett and Hibbert
(1967)8+%} Musgrave and Holton (1964)F{Ei% 2
BRANS MR TER » B ARANE IR IS IR
G2 R KERZ—/ RS e H B RTB MR IS
I5 ] S BERE R AR T Ol - R S BT
F&(variable source area) - Dunne and Black (1970)
B RS B 58 K B A RO B RHR ST BT ) 5
JREERIE KR BEH KR
ZEOKIEHIY ~ IR - RS RTR IR
FiIERE - Eagleson (1972)38F550 /3 K ISR
BoHERAREREKEHEEW  HLER
Betson (1964)Ff{f FIRU/KSCE R » DIBKERK
B ZHEB SR > R R EE 2
SOKREEAILLE] W = ERREERE
ZHEAKE FERBETES BRI EAKE
BME2EKEEBZ =28 02— -
Beven and Kirkby (1979)#2 Hi H#li iZ #8 B 8%
(topography-based hydrological model, f§ §§
TOPMODEL)H 3 » #5H & /KR 2[R B + 18
Fitk - HEE MR SEERAIT S K @ T < BERE - 6 DI
R KEM 2 AT  E RS UERS
MR B 7 L - Beven and Wood (1983)J&
Jf Eagleson (1972)F{BE S HRERT R Ttk
W AR B faguRE - En e
7K T 78 Fft 45 F 15 32 7 5 i P2 8 B (topographic
index), 7 BH &L - Quinn et al. (1995) G REAER
2R R AR SR AR R W
LAMEBL AR S S K AR RS 2 HE ) -
BRI e NS R R 2
Rodriguez-Iturbe and Valdes (1979)8H Gupta et al.
(1980)k Horton-Strashler Ji J{[# FF &3 » 158K
R [ 4 S B N B R P B » Sl AR R B B
FTIKI & P B 2B TR » SR st el B
{1 FE 3 (geomorphic instantaneous unit hydrograph,
i #E GIUREE S » 371 0] S I Hs iR
[R452 B4 o Lee and Yen (1997 S /K B /1149
R R 2 X EKR L — V AL HR
RAERE < - WA R S R 8T

Bl 518 B AAE - B A E S G DL
frtR 5 EESRBE FUETIR 2R B B
BRI - 1R HOEEh I — Hh SRR (7 R AR
(kinematic-wave based geomorphic instanta- neous
unit hydrograph, 8 KW-GTUH)H & o (i IHE
Bl — 5 iy L7 R AL =X R A KRR AT
I 7 RS RS I B P R AR 53 » TR DA
GRS TRK R R L
BB AR S P RR R E T 2 o [
I Lee and Chang (2003)$1E B — Hh S B
MR ETBIE  E— PR r R A&
I8 7 5 3R R O AT 16 I B o R U T TR S R
oy o (8 H AR F BT D R R s P R 2
-

K72 EFE ] Beven and Kirkby (1979) 7 31
TP B A P S0 S SR K AR A S - AR K
i i o R AR SRR R 2 B Sy K AR B
HhRIARGETT Z FFRAIHE I : A68C & Lee and Chang
(2003) 7 48 2 2 ] & 5 R RSB A TR I e Bl U
— Mgty LA AR 2 AT BRSO
feE > LIRS PRI KR AR Z 8 -
Wt 7erh DL AL AT R TR I IR SR K R A R
KR - FHBES R AR EAE L
M BE RSO - WL E IR Rt B 1T
PRSI AR A > DA KR T RZ RS TAR B
it B2 -

— -~ sk EiEE

B BKETERIE KRR - RN RE A
A HE A BRI BRI R T - R AR » T
A AR @I H o S R B SR KR 2 R
M~ R - RIS K R DU R A R -
H Betson (19645 I B EERUEIRE~R T >
KR YA/ NI st o 7 A S i - KO
H3 PR 2 R AERRTIC » FRB A SRk 2
3 R 5% A SRR S 9T B K T PR R B £
HIE B A F(Amerman, 1965; Ragan, 1968; Dunne
and Black, 1970; Eagleson, 1972; Beven and
Kirkby, 1979) » H1 L[ Beven and Kirkby (1979)
FrrEg i < i P SR B R B 500 - T
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JE 11 f5 8 & 12 (Kirby, 1997; Beven, 1998;
Campling, et al., 2002) o AR ZZ BN DU Z 3 B
iR RER > HEIEAR RS A RR -
0t I SR KR P 27 1B B 2 MU R B > HESR £
TKIERE K2 iR -

2.1 SRS
Beven and Kirkby (1979WBR 8013 /K

IR B ) B S B A R 7 AR BE (successive steady
state) » H BT 7K @ 7K 11 E (hydraulic gradient)
250 5 & Hh 38 3% 18 (local surface topographic
slope) » T & /K& T 38 /K 5717 8 (transmissivity)
b - SRR 2 SR > R DL R B AR S
TR BUR R - S FE R KR
i+ SRR > HEB M SR BT B K@ R 2 BE A
W LA R AR &K R 2 IR E R
BB R AT, o R B R
1 2B A B o3 8 OK T A B [ R T %
o MR K R R A R - HUE R P
TRZEIT » IS RS2 ERIA R - HEASE
12 PR HEE AR AT T (Beven and Kirkby, 1979;
Beven, 1998) o

B EKE LB SRBEREE 2B
BB
T(z)=T, exp(~:—) .................................... 6))

Az BLERE  ToORRBIIEEE WS -
BOKRERE T, B KR RE B IRE
B im B TPRE TR ERAR - feHE
(homogeneous){fZ3% T - AR EEM - HIE 1
A BRKEZEEUEE - BlfkRE
EHELE LR - T/ (1B RS2 K IS H R
MRS EREHEE - Wit (ER B EEH
MBETHERARXTKTE

q; =T0(tanﬁj)exp(~—j—n’¥] ............................ 2)

Kfrg,; 5 (EMZBUEEHRE : tanf; 5
JAIERZ R ¢« 2, B j (TERE 2 R
KRN TBERE -

=g

>, Dartial contributing area

I IS BN RS

e, B (B EAEREEKE
o 1 PRI S KIS R A ERA A L
SKG LR - R (ER BARERE 9,
TR RS

g;=ra;

IRIB RIS K AR B TR R AT IR
AR - B AN B N\ B R AT FTHER)
HEQX S0 - REEEIRTWOT

z;=-mln T 4)
; Toanf, |

FEKIE T BB 2 RER IR T 5
FR I K TS T, SR EDE [ Bl U8
B > E—S TR

zj:;+m A-ln 4
tan B,

o 7 57 K B P R U T A 2
YA ¢ In(a,/tan B) B EEAIE AERIERS j 2
S 6B i (topographic index) + 1] A HIFS 4k
&R S A - )RR
A6 T B S K T LR I S R 4
B TR T - I E R RS
AR L I8« K > LR ok
R D S R RS - T KRR T
[ > HIHAT B R AR R R o
HBLATHL » A & i 6 HUFAS B B
B B T R B A -

22 WAEKEEHENER
HER 0 BEHEKERBIEEEKEEE
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B W RRE
4,
=

i 4, BRI R 2 R S B K
M ARIBSR KRR - B2 oY R
HHD  EAKRAE - BEREL R RER
A BN B By 2 AR B ET A NASE © R
e SR KBAR BRI SEE
IKEMIFEER L RS - B RS E R 2
il - SALE BBV ATRER A HOREH « i
FEBEER NS - BRSNS 84
FOEW - 0 2 FoT > B KRG EAKE
HEIEZt e - Al RS MR EE In(a/ tan B) 2
BB - DRIHCRA 7 o R A P8 B (threshold) /7 1 »
R 7E R A 2 HE B & {8 (topographic
threshold) T » B3R /K IR IG 2 KR EAE 2 L
B> DUSS S KIE R AR R8I < B0 K iR
SEE PRTUELT 2 RS HO IR AT 48
2 RAERAR S M ERTEE » LELMH
FEWZ > KR s A - R
B R BT RE (E RRS - A KRS M
IR Sy N

TSR R SR FHE RGBT P < iR
RFEREAPEE SR PR KR
ZTEH - RS KIER ] RS R 2 A - B2
FEMCE R 28R > DIRERTE M EE K
/N o ETTHREEY Y B B BE AR & 2 00
(O’Callaghan and Mark, 1984; 2% 1998) - {HF
R ERFTEE - EEKERABER
B2 B BRI > Al e
BHERTTHBE o KA AR E
R8BS BHA I HE RS E &R E
A2 EESEWR > B A RS S P R
5y LETEMREREBREERSRERE L
B Ry, (A1 3) » TS L B AT 53 SR K T AR
HEEKEEBLFRERRE - EhaHE 2
ZEAEKEIER LB o B IE B
ERIBEGR - BIET B EKmAELE -0 E
KEIME T B 2 M e B PR 1 - AT ER K
& B AL & Bh 2 P fE B & KR P

—
=

Partial contributing area ratio
©
ry

=]

Topographic threshold In(a/tan B)
2 BREKEBFTGHE ¢ BRI ERPNE
{8 In(a/tan §) Z2BBR

Ry =Y

s vs‘+vi

V,: surface flow volume
V,: interflow volume

B3 ERERIEIEE

> MRTENERGEEMRLR K2 &
R B MR BUE B Bl e
BTN - TIEHPRLT B 2 BT R LA R
R -

= EEhK - tREREURERER

B1#2 Beven and Kirkby (1979)2 M8 B
NEZEEAR HIRE 2B BR g
FEUKRBEERGRE n HEWNE 2z
B KGR IE 7 - REEARS KRG -
TR BB R - REL B LU NS 3
BRSO EG  AeRIDUES R — 1
IR E AT R (KW-GIUH; Lee and Yen,
1997, Lee and Chang, 2003)¥17/347 - H1f° Lee
and Yen (1997)ff 38 F o EB I — g e B (]
JREARIEL o RIS SR KR /KR 2 S TR S B it
FER AP ERES 3 - Kt Lee and Chang
(2003 $H:EH B i — H SRR B (] PR AR IR 0 T
IE LT RXEKRE B RS HE
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, surface-ﬂovzpaths
Xo12X1 72X X,

Xo1™2X17X;3

Xo2 ?X277X3

X037 X3

subsurface-flow paths
Xoubl X1 7X277X3
Kbl 2 X177 X3
KXsub2 > X277X3

Xsub3 X3

@i surface-flow region

B4 BERIDEXNEBZEKBEIRBETES
(Lee and Chang, 2003)

1782 Sl Bt e AR TR 0 4 » 0 53 71 P R
FK I R T R A SR R BT AR T
1 I R 53 2 o g B L R AR LUAR 1 77 0
> BURRES R ERAUE TR 2 E B — 3R
Wiy LR AR IR R, IO B R R S s B8
{5 R A P i BE B SR AT IR R HE SR F R A
7 PARGRATT

3.1 HUSREREF RO FRARIBER

12 Horton-Strabler Jf JI[f P ER: - —{HQ
B oz S8 K& O] LIS 4 65 B S i e B (an
4) o KUt RN R TR B K2 1 0 B Bl AR
B R 2 R BN W IE R AT
R @R AR > TR B8 KR
1o Q0@ 4 F.2 REREIRIBATT - BPREIEEN
LR DSt FER A MEBEEKEHOE
i P H RS 2 - B ERR 2
T AT -

L o R T x,, R BRI
SoKEmEE G ZER > Hb i =1, 2, 3,
Q 5 WA x,, D X=X, xg BEFE
BIRIERE w, - BIFEEREIUTE — 5 & RIS R AR
AT

P(Ws):¢i'P0A,- 'anl.x,- "'Pxixj i gxg

o, B3 1 TSR KR 2 B A SR K TR G ELAR P
SKREFEZ LB+ By, 55 1 BT SEKIREELG
S KEERZ LS P, R 8T

BHIT R E | | R iy bR
ZAER  AUEAER | P, FFNEH RS
WRE J GiyRER |1 2 SR > RS
FOEEE R 12 R )| BB LT
SR |1 2 (-

A Ty FRROHE x, BER 2 S A LE AT
WL » T /., () BORRIIS x, BEBURUE T 2
FTSM » HURT e 3 KR R 543 2
R BV AR u, (1) B (Rodriguez-Tturbe and Valdes,
1979)

u0= 5 [fi, O£ 0% f, O £, 0]

wyeh -
-P(w,)
.................................... (8)
A+ REETES -

TRETR B E S SRR EIRE LASY - P - i 5E EL
R ER N B8 B SR P A
ARSI TR R E KR - kA
177 Bt 2258 R AR 5 2 e vy B IR AR HENT 77
R Blxas, TR 1 BRFEAKIE 2 FERETIR
o WARER X, > X0 x; > X BE—FFE
ETEREE wy,, » BINTREEREUE — R E B IR AR A
[REZNz

P(Wap )= (=0 Poy By P+ Py - 9)

RAP, . IS P HRRESRE (%
2R > R |- BRES T
FORNIRAS x; BB ZEMALBEITRED £, )
TR x,; BEBOETUET 2 Wi RIFT 4
L LR SR K TR T TR B 2 T 7 o e B (1R
5% 1, (1) £5(Lee and Chang, 2003)

Up®= S [ Loy OF L O% f 0%

Wsub€Wsub

*fx.Q (t)] b 'P(wsub)

Wi

.(10)

AR P B OB TR ] Z MR 1 15
MU T (Gupta et al., 1980)

iy ()= 7-exp—

J Xj
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RBEAS QDR A®) R > BIET RS 2 17 Hiid
BRSBTS o 2 W B AT R R R
S (Gupta et al., 1980)

t t
ug (t)= ¥ |a, exp| ~ +b,exp| — T
( ) WSEWS{ ! p( Txai ) p( Txi ]

+bjexp(‘%)+-~-+bgexp[‘; HP(WS)

Xj XQ
.................................. (12)

Kfra,, b, by, o, by BRRE - FAREATHIA

A 77EKEE - FH - AR A0
TR ARG AL L4y BT R EOR 1S SR K & P IR AR 7 2
WA B\ PR AR AR AT % £3 (Lee and Chang, 2003)
usub (t) = Z

{
asub,- expl ~ T
Wsub€Wsub Xsub;

t t
+d,-exp(—T—}+djexp[‘T ]+ .(13)
X Xj

t
+dg exp[— T H P(Wy )
0

R auy, . dis d;s o do RREC ZREBURH
R ER 353 007 K -

BRI AR 2R3 AT K R B A
PR A0 155 1 SR TR T B o e B PR e, () B
BRI 12 W IR B R AR, () HURREAH
& R KIE < B AR AT R R (Lee
and Chang, 2003)

O R RO L () R (14)

3.2 EREIETREIHER

Lee and Yen (1997)G 7|l ES)HERACE
g )| sk V g R R - Bk
& B B BT AT (5 H o ] Lee and
Chang (2003)HIE — 1§ &7 2 V ALGHIIR
B @ B PR RS T IR R S P R E TR
FRER S » 43 BT R M F S B T i 2 2P 5
{7 - [ 5 AF B FERE SRR VA%
ALHREL - SRR A A TR O B
HRZPE  FRB— B REKE S ELE

effective rainfall £,

R RN

1/ [ sawrated zone
(7] unsaturated zone
= surface flow
<= interflow

surface-flow regionpe———-3 e~ surface-flow region
w— interflow region —s e~ inetrflow region —»

5 EREDEKEESMBREKE VA
2B RY(Lee and Chang, 2003)

T3 T e R .2 2 1 S 4 5 e A o 3%
By TSR MRS DR R G %
i BRI I - R T A R R 2R 7 LS
ZET BB FERE P RRARE « &
KRR 2 TR S Lo, > B
RERETER T » It P EAKEE L RER
2RI Lo THEIS 0 » (RS

Zoz' =¢, ZS“bi

Ko, B 1 R SRk R 4 SR /K T RE AL )
Fre KRR 2 L] » o] #E AR < # 8KE
TR EE e B 7 KA -

EH—WBERS I, 28 %% (effect rain-
fall) » EJZ]E A0 5 2 VRS LEEE | - B
FEHEE R o TS BB SR
ST 7., F(Wooding, 1965)
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*1 BEEKBRIEXEF

i gl KB ﬁm< &w%‘ ﬂm‘ B ﬁm‘
#8 | Fmen | PHEA | FHEA | PHMA | FHRA | FHRA
i | o~ | Z e | L o | 7, Gm | F, 5, 8 (m)
1 29 1.07 0.80 0.67 0.1304 0.3028 4.5
2 6 6.91 3.13 0.38 0.0580 0.2957 22.0
3 2 19.81 1.79 0.47 0.0105 0.2468 321
4 1 53.15 4.98 0.45 0.0078 0.1977 60.0
i TN BBEE P, ~0867; Py uy=0.033; Py 0.100; Pus=0.667; P2 ~0.333
R n, BIBHFRIERE ¢ So B | BTBHR v
ST 1] m, FHBOE B MR BEAR {z;nc(NiZ,- - ARy, )}
b, ={ 2SN PRI, (19)
HAHES 53 - - NBSY

0 S Ao 0 SRS R HOK RIS E DAY 2
B - R AR R b R I8 - R
MR B 5 AT L e s L - BRI
WL K FIRRIE F MR g% - RIAT RSB iz
ERTEABEN AN > #E1F § RFPRIRZE

TR 7., B
T, s (17)
sub; KO So,-

K n BfLERporosity) + K, FRE - HZK
FHEE B (hydraulic conductivity) » TEREFRE R
R (BT S AR K S SRS -

B KR LLg s A SR R i E o
REER  HHEREDRENZREZBT
it BInTREHTES)EG - HE RFAEKER
ZRIRPEER T B FUE TR T, W0 F (Lee and
Yen, 1997)

. 2in ZuiZc- ;;‘;
7},-=2ilzg’ - (hc”o'j&—ei—,/—;—b—’—] ~ g, | (18)
¢t/ SHD;

XA B, 7 i P RIAERE  n SRR RE
Lo 5 i MFERCFIETEE « S, 5 i §F
BIRFERE : m. BIEBEE - HEPEEN
X BAERE S35 by, 55 RIRREKIERE N i 7
W Z PEPKEE B NRIF i =1 by, =0 >
E1<i<Q > h, AFTFi(Lee and Yen, 1997)

AoV B FWINEE 78 1 BT SEKE
LRI - RIS RS PR S
LB - f B AR A | )1 2 Bl
EKIREE 4 REKEARTEAE - &5 Bidt - B
AR SIREH B P A TR I < SE B — SR
Wty B AR

U ~ SN EREHER D

AHFFE AR IR I ik 2 80 B K B R X
RISk e - iR KR AT AL R =R - 5
KEABEAEE 53.15 km’ - Bioerhi BRI &
Uh 2N BACERE R, - DRI B &
/NEFR B ACERE R -

4.1 RS KEM R FERMAZIERIE R

A B E SRR HEREE K&
e uE S 7 - HAFRABEES
40mx40m ZBIEBEER > 2ERBEKE
1725000 tLflz Azl > DAEFEMIEE A 300 F
RELE(FEE, 1998) > [ FH B 1l s R B R ARk
Vit o[RBT )R+ O SR AR B K TR o S IR
Fo HERFERAIE 1 FR - R L FRRPRIRE
&+ {RFE I BB )1 R BLARVERR IR 2 (RS oK
5 » FrrB(Lee and Yan, 1997)
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A B, BHOKE MR ERE - BISEA R
R RS TR 2 T BT ES 60m o

B FERE B AR A 2 LR B A3 49
HERIERE SRR A& (BB 2 I He BUE (&
6) » KRB < S oRMHR 26.99 5 /Ml
7.52 > MIAFEERIES 9.72 - [ 6 hEHERIEZIG
AEH MR B AR R - R E R R
MBI - Rz > BAEEIR Z A& B4
BUERE BTN EREAE SR RE
i o FHE R BER R A KR RS Z R
BB - RISR SRR < B 7 SR K THIFE A5 HL
HOFAR BT (EABAGR - wIEoRaE 7 - i 7
A SRR R B » RS
BR oy AR (G LL IR « U2 - & EREE
ZIBFEAE BTG E - AUICEE /> S K B RERRAG L 15
EHAERE)

4.2 IREKEZBIEXKEHEBE K

B FERE PR S KR 2 0 A B
TI53407 - HEHE SRR i R LR R (R E
BESTBN 2 H ] AR (B AR A 73 82 K FAE
G2 SKIB R 2 H » MR E TR BT s
2R » 78 LAHE R SR K I P 7 A MR T2
sy SR ERER /> RG] - QUM 3 o3 - HRTERS
YRS - M T K B (base flow)fidlfH] Bz
BB )N AL E TG E - R AR
1R B A AT - SRR (E T o B - 1]
UL R R - TR SRR
PRERER - RGNS CEEERR
R o FRS iR I Bl PRI A2 S U AT BRI
[ DRIIE AT B R AR K B i B
BUE - DL BUSR (5 28 I B o i 2 3R K 1%
By WS RS R KBS b BB
FFRIFUR KRB (A0 P c B - a0l 3 B &
BRI H RS AR « - BRIERIEE
FEMRAK 2R, b HIATG E SRR

In (a/tan B)
<8
[38~9
B9~10
B10-11
mil-12
m1i2-13
m>13

6 REEKBEIBIEHIE n(a/tan f) 2 2BH
ffi

B i

= <

S 08

g B Heng-Chi

:gsu 3.6

==

Sw

8 0.4

c& ]

S 02+

©

2

§0|’1‘r1r’r‘rlrr(ll
6 8 6 12 14 16 18 20 22 24

Topgraphic index In (a/tanB)
B7 SMEEKEHBDEKEBAELE ¢ Ri
FEAEBPIEAE In(a/ tan B) ZBBIR

PRI T /3B (Bras, 1990; Beighley
etal., 2002) -

ARFFE LI SR KIR 1991 B2 2000 447 6
SR BT T > KSR A0 2 YEIE 8 R o
% 2 BIE 8 nT4D MRS RIS E SRR
HERE 2 LU 0.11  0.64» H it R EE 44
2 HERR TR KB BUE LR - B SR R E
TEI 2 Ut 58 140 P 2 AR M S TR BBAR T (5 HL
Bk T/ NSRBI B 2 PRI ARG L
PR - HBIEHE 7 2 IR KRR Rk R
Pl L BBt AR BB (EERA SR > AT RIS
BRQULE T > B DIHE SR ER 43 SR TR s i
PR 2 MR B E - ik 2 2 &B—WF
Ao R EHBKIEAE (LB R E
N2 T e e uhivE e i LA R I
R AR P LE R G AR TN )2
AL E BE 2 MITAR BU M B e BB (4R 3
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&2 BRERKBIUHCSROM

B E FRRE | £%AE | HE#SK A& R ¥ A AR | MBIEE
) (mm) (m¥s) | BAGWS) | AW | BAQCM) | Hifs ) FIAE 4
1991/9/18 66.4 134.0 882.3 185.3 697.0 0.21 11.3
1994/7/10 78.4 58.2 1250.1 137.5 1112.6 0.11 13.2
1996/7/30 320.0 243.0 6803.2 3741.8 3061.4 0.55 9.9
1997/6/22 52.0 79.8 552.8 88.4 464.3 0.16 12.3
1999/6/18 116.0 170.0 21579 755.3 1402.6 0.35 104
2000/10/31 381.2 316.9 9117.4 5835.1 3282.2 0.64 9.4
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ROER | o e | ik é?g;;g
Ro B ¥ n, K, (m/s)
1991/9/18 5.0 0.62 0.025
1994/7/10 7.5 0.59 0.027
1996/7/30 2.3 0.60 0.024
1997/6/22 50 0.58 0.023
1999/6/18 3.0 0.61 0.026
2000/10/31 1.2 0.60 0.025
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