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5.1 N19nM Overlaying U8 Algebraic Operations
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3Uuuun3 a9 MU DNNITUTEUHIRNAT DY MAP ladasuliuatlusi1savm

A
ol .
4.1 TAaPUHUIIUIN overlay operation #9¥ land use/ soil type
Ca i a4 .
planes Aar1¥  Map Ausl 158771 CNMAP 94D overlay Ny spatial

114

& é [
rainfall map 3¢1a EXCESS Map puU¥ANSUTU excess rainfall- ‘Iu

s g < v c; . 3
AUDNAUAIINTY N9z nlaiaunlTuIsAUEDdY antecedent moisture ANIU

@oulpy NEH-4 (1972) iaﬂﬁﬁﬁaﬁasuuu§QGWﬁﬁqﬁ 5.1

A19741 5.1  A1919EMSUUSY CN ®38 antecedent moisture

condition (AMC) [NEB-4 (1963)]

AMC I AMC II AMC III
100 100 100
817 95 98
78 90 96
70 85 | 94
63 80 91
57 75 88




ANTINA 5.1 (7D )

AMC I AMC 1II AMC I11I
51 70 85
45 65 82
40 60 78
35 55 74
31 50 70
22 40 60
15 30 50

g 20 37
4 10 22
0 0 0
lﬁﬂ
CNi1 = CNi11
2.334 - 0.01334CN11
CNi11 = CN11

Use

0.4036 + 0.0059CN11
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AMC
ngd?iu nA LRIz UAN
I < 12 < 36
II 12 - 28 36 - 53
111 > 28 > 53
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5.2.1 n98 grid cell AUNITINAUUHIAY

[ .~
LUUMAEN

v by .
o 2 o L e .
nwsﬁnuwuiauﬁ@mswugwunav SCS uwﬂﬁavﬁunwsﬁwqaﬂvu 2]

tL - 10.8(S+1)0.7
1900 Sp0:5
HRY N
t6 = te = 1.67tL
13D
t& = grid travel time (du.)

(overland

v
o L |

flow)

(5.1)



te = (IR118YN1SIUATINATIY grid cell (fu.)
tL = grid lag time (38.)
1 = SEEMINNTTINR (PUNAAIINENITBY  grid  cell
W)
o SL = AINNANATUIARBIDY grid cell (%)
o € , . @ 4
S = ANDAIINUANANNANAATENINY P NU Q (U1)
= (1000/CN-10); CN = curve number
a w ] [ ns‘} o iy
gun1g (5.1) tr nonun1itdy  SCS lag formular TVUSE LUULAN
AN ANEMTUNITANUIAUT LIAINITINARTDINTIT IURUUNIAY {overland
. flow McCuen et al., 1984) ®&IU128118YANSINASINAY  (time of
<& 3 [} [V )
concentration) w98 travel time, tc FLUAVININY 1.67 1HI10Y
4 -4 @ ' v & '
Lag %uaunﬂﬁﬁtwuﬂznunuwaquuﬁlanndw 2,000 acres (8 nu2) Hae
dl g ' v 2
TUnIuNANEIY  watershed ANUTYITNaUAIY grid cell TuNA 250 W. x
15 [ [ v o & & 1
250 #. (0.0625 AN .2)INIANNITNIDIINAOY 130 1u0
DN §RINTTIMAUNNIAY (overland flow) Bu 9 a§U1§ﬂuﬂwﬁwqﬁ
®
5.2
o . da v
5.2.2 nig  grid cell #AUNIIIURNURYIUN  (stream flow)
[1 o«
tUUMAN
a v . o v &
14N IMUAIY  grid cell area HZuU1A A NN B URLA2IURANTDY
®

8 P~ 7] Y] 2 &
AUy dnuaAn1TIuR By ‘I ZiUU channelization proportion 38y
f13 . . D.)c g o [ b4
AINNDINTBY  grid cell navquuwuazQanusﬂu1aﬂﬁaana IEUILRUTDY

v
18n (wetted perimeter) BBYNATITINRIURTINNIAGY L



L J e ®
MWﬁWﬂﬁ 5.2 §ﬂsaWn§un1uﬂﬂuum time of concentration
| N 1
WonNIwi v Input parameters {(McCuen R.H.1989)
. u Qverland Flow Channel Flow
16 N9
Resistance Slope Length Input Resistance Slope Length Input
Carter t,= 171 98 g ¥R X X
# M
Eagleson t.= 0.0001852Lf nR-2/3g -1/ X
%
Espey - t,= 0.52§L£°'2’ AR X X X
Hinslow
Federal - o= 0,03 (1,4-0)L7¥ 5 go¥.333 X X X X
Aviation
Agency
Kinematio - | t,= 0.4567L%6n%:® 1'*-*sf'*-3’ X X X X
Have
Kerby - Hat | t.= 0.1377Lf°"7 né 47 s£'°~=35 X X X
haway
Kirpich (PAY| .= 0.0000216?L£°'77 sf‘°-5 X X
Kiepich (TH) | ¢ .= 0.00013L[°'7’ gov. 288 X X
$CS lag t.= a.eoee??Lf°-°(1009/¢N—9)°-73'*-5 X X X
§CS velooityl t.= 9,0002779 I (L ks™9'%) X X X
alli f
Van Sickle t.= X X X

0.009467LY+ 13 | ¥.13 g -9, 968
t M {

LL
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jos}
i

A/(B+2y) A/B

By/ B = y/ & (5.2)

[ v [YR €
#2701 92°7UaUNY . Vo RUwuSnY  friction gradient, Sg&  UAY

v
hydraulic radius R 18BAun1588Y manning 3:18

\Y = n-1 R2/3ggl/2 (5.3)

= n-1(y/ @& )2/3 ggl/2
£ » - o
14D n = AWUYLAND manning’s roughness UALBATINTITIUAR : Q u1la

Q = VBy (5.4)

&
A MUAIY  "characteristic channel length" R1Y} L,
[ [
characteristic time U4 te, URE characteristic depth (yu

. 1] &
iete SZ1ARTIINLGD

(L/tc)(y/iete )™ = < y® (5.5)

VvV =
a
14D < = L/iemtcm+1
ie{(t) = characteristics of rainfall excess rate #

the grid cell

=Y b 108 1]
AT IUNIT RSN alaaYs  kinematic wave approximation

2%

De
&
Zee
=

S¢ = So = S (5.6)
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.
P ]

k") N . as 1 [
L4 So = AITHARIATUTDINAY LA uwaﬂtnq1ﬂﬁun11 (5.6) i1du

[ -1 e
duni1suseyInrey full dynamic equation UATNNIAINNAUU  linear

a

9o

No.

v

nonlinear channel storage routing Avuu

n-l(Y/,@)Z/‘?’Sl/z = (L/tc)(y/ietc)m (5.7)
v m = 2/3 CEAT
te = (n/@’ZIB)O.Sie—O.-i (L/Sl/Z)O.G (5'8)

AMMTUAUNTIINENRVEAY n, &, ie, IWINU 0.030 (AIT Report

130, 1982), 0.50, uat 20 mm/hr (Field, 1982) sixa%6uazla

te = 0.205(L/s1/2)0.6 {5.9)

&€ o

a & o &
188 te 1DUT2TNY, L tUUDNIRINAT, HAS S IUUINAT/LURT UAD

H w & a
awuﬁﬁnluﬁﬂunauuazkuuluuﬂzﬁunugatﬁuaﬁaq Field (1982) ,I.E.A.

(1977) Uae Kirpich (1940) BAZ LURIEANEIMTUUILIRT LAUNTY

(travel time) 1D¥ grid cell NANITINRTUAL {channel flow)

LHunan (McCuen et al., {(1984)

é v .s' N [}
auvﬁaﬁnavnﬁﬁinaﬂuaﬁuﬁau | 15&2U1%nunﬂ310 5.2
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5.3 N1i1nM  Integrative Operation IDVHURIULINUUY Travel-Time

Maps

] - -4 .
AMuAIM E (T ) dt tUu  infinitesimal instantaneous
inputs Volume Tapa intensity E(T) us:938217187 duration d

: &
AV UU xﬁanﬁuua instantaneous system response function UV

u(0,t) qzléwaﬁwg Y(t) (Foroud and Broughton, 1981) ﬂugu

t N
Y(t) = Sg(r) ulo,t-T )d1 (5.10)
[o]
E(T) HYETOGRAPH 83 tluazw iy
t
(B
| 14 | Lﬂ
l E(z) U(O,t-T7 )dr
| U
| U(o,t -1 )
| v ;
I —_
t-7
4 [
|
. fammmsivaaan
Y (1) !
' T=<t
Y (t) = o U(O,t-T)E( T )dY
Y{(t)
1 —
— 1 )
A i

'S‘U'Tl 5.1 CONVOLUTION®BIE( ¥ ) WaZ INSTANTANEOUS SYSTEM
REPONSE FUNCTION (L UH) '
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o c &
Aun15919au (5.10) (U4 convolution integral F¥AITINN

operation uﬂa%i%ﬂugﬂ {(5.1)

&

G

SlunTnAnEIY hydrologic and cartographic data

n

v
Y]

planes (UU5Y spatially discrete form uUafi’annuu an temporal

v o & o < a [ . ng
gavHulaz U LdusIeIY QVlﬂﬂUlUUEU discrete l1aavy

tdB
Yx
Ei
Uj-i+1
n
T

_ 3
Y, = E, Uj_l+1 (5.11)
1=1
output 178 k; k =1,2,...,n,n+l,...,ntr-1

o
input #iI81 i; i=1,2,...,n

distribution instantaneous unit hydrograph (IUH)
WETR1 (-i+1); § = 1,2,...,T
£ . .
number~of ordinates of input
39uIUEIv 1181 (duration) #avHU
number of ordinates of the unit hydrograph

' bl
3 UIU sub-area navquuﬁ

5.3.1 Mathematical Operations Over Algebraic Maps

A19%M  operation ¥BNANNIT  (5.11) eﬁuzuﬁ (5.2) udav

[ v v 1
tdUAIDEINIdY n = 3 U r = 7
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U
£, Uy Eius
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| A)CONVOLUTION %83 g, MUuu; 731 t = |

l 4

| EoU,

t

9.) CONVOLUTIONZ0Y E5 MU Uy 91 3N ¢ =3

Yit)

Y3

Ya ve

Y7

Y3

2
At Y8

Ag! l Ye
t
1 3 4 6 ki v 6 9

2 5
Q.) 2a mwmﬂmmnmns}uﬁ
‘Uﬁ 5.2 uﬁﬂﬁﬂﬂsﬂqﬁﬂﬂ’]ﬂm‘ilﬂﬂﬂﬂﬂ
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1 171

Y2 = E1U2 + E2U1

Y3 = E“U3 + EZUZ + }33U1

Y4 = E1 U4 + EZUS + E3U2

Y5 = E U, -+ E2U4 + EBUB

Y. = E/U  + EU, +EU, (5.12)
Y7 = E1U7 + EZ’U6 + E3U5

Yo o= E,U. + EjU,

Y9 = E3U7

dun19 5,12 uaﬂvﬁuzu
y2...59] 1xg = [E1
{(1%k)
—
Ui
I8k = 1,2,3,...

Yy &
Matrix l1styu

E2 E3]
1%3

(1*n)

Uz Us Us Us Us U7
(5.13)
Ui Uz Us Us Us Us U7
Ui Uz U3z Us Us Us Uz
—J
3x9
(nxk)

,r+n-1
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nﬁﬂuﬂujuaunwﬁiﬁiﬂ

m
I. = f/8t 2 E. .A. (5.14)
i 3 =1 23 2
P
4D
u' o o
Ii = JANINNISINALEINLIRY i (Ru.tums /7un)
¥ [ '
o [l a v A v o -
Ei,; = Usuududluiny dMTunundnpn J viaan i (74, ) uae
i =1,2,...4n
ga‘n al' [ . .
Aj = WUNHDHEWN naqquuﬁ (f9.08.) WA J = 1,2...,m
¥ 4, % .
m=r = qﬁuduwunnaﬂnvnuﬂnaqquuﬁ
v
n = AMUAIUE IV L IRININNATDINHY (TN, )
At = 1IVI7RMHUAN (F8.) UAYHAYNINIAUIINIIRITEHINY LHY
isochrones
4 ’
£ = duUsrdnsansivdAsuntag = 0.278
(1 A9.0N., Bu,/88. = 0.278 AU.L¥AT/3u )
UYL UNA
-
5 4. v X 4
Wungny (Sub-area) 18 2 USTnNDUAIBWUNEIDN grid cells

. d . v
g1y 9 nagﬁzn1ﬁvlﬁu isochrones

y- ] o . . v &
uﬁatnnuﬂuzu The Matrix notation latydu

{1}

f/ at [E] * {A} ' (5.15)



85

[+ [-4
{HD {1} td¥  the vector of output, [(E] tUu input matrix
» o (-4
#DVHURIULIAU  (excess rainfall), and {A} lUUY a column matrix
5 4. & o
1DV HUNBDY  (sub-area) ﬁqxnnuﬂuEUnav input matrix 48% output

v
P o
matrix 1afvu

111 Eiq Byg ooe- By —
' A4
1o Eor Ep Eom
o . B oy
= f * *
At
(5.16)
- - Am1
. L. i m*1
Im_J %1 oo Em E:r12 Enm

n*m

v .
5.4 ANIFINABVANTIARITRAINUIND

v
Tuguasuan iy uMUdIUINUY (excess rainfall) 31A grid cell
4 v
areas 11 lagged LWBWIZRATWANTINGLIYN
Tun1ann operation process FmTvuus i UAsuNudsui Ay
Yy & . ;‘5 v
(excess rainfall) Initydu direct runoff uUuU N MUAIU ordinates,

I #8¥ inflow hydrographs #178790 operated 16 188N lagged R

v
3¢l
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[I11 T12 I13...J1k)1*x(n+m-1)

= f [A11 A12...A1m])1%m

At
1 2 3 n n+l........,.n+ml
— —_
Fii1 Ei12 E13....E1n
E21 E22 Ez23...E2n
Eszi1 E32 E33....Ean
(5.17)
Eni1 Em2 Ersz.....Emn
L _J m*(n+m-1)
m m m
=f [ % Ai1j Eji T Ai1; Ejz ... Z A1j Ejn] 1#(n+m-1)
At 4= = J=

'Y & I
ianuannwﬁauqaunavuﬁ (water balance) 14 grid cells #IHU
. IS v by 'Y
#7UlNnU (excess rainfall) nH181agn1913UANNTS mass balance U
o

¥
HARZ  grid cells AMUIGUINUFIUINUNINATUUAAS grid cells AVUU

b3
o ] ¥ ,or
A MTUEIvi7a7 t 18 9 Az 1AANNITAVY

Pit + Qi(t-1) - ETit - Fit - Iait = Qit (5.18)
188 Pit = YIuAuHuUNANUY grid cell i

Fié = YSurwenisTnty grid cell i (u11§Qﬁnaunwﬁ SCS)

Qi = Wudiuinuly grid cell i

Tait = u%uwmnwﬁ§m1§u1%uuﬁnﬂu grid cell i

ETit = US¥8A19A 858 In80Y grid cell i



