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Establish the Applicable Formulas of
Concentration Time to Taiwan

Abstract

Due to the fact that most watershed areas involved in soil and water
conservation development projects are smaller than 100 hectares,
simplified hydrological calculations are often employed. These
calculations include Rational Formula and the Concentration Time
Equation. Therefore, before incorporating these methods into standards,
rigorously assess the appropriateness of these two formulas, particularly
the Concentration Time Equation, should be done. As a result, this project
has undertaken both theoretical analysis and experimental research to
determine the fundamental form of the Concentration Time Equation. We

have simplified the kinematic wave theory of the Saint Venant equation to

n0-610.6

derive the initial runoff time equation as follows: t, = T0503" (te: min)
Through sensitivity analysis, we have established that under high

rainfall intensity conditions (25 to 50-year return periods), the runoff time

122403

equation can be further simplified as follows: t, = B(T) . After

calibrating through 120 indoor experiments, we have determined that the
value of B is approximately 0.83. Additionally, this project has convened
expert discussion sessions and industry technician briefings to further
discuss the project's findings and clarify the practical usage of this equation.
Keywords: Concentration Time Equation, Soil and Water

Conservation Projects, Watershed Development
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Equation

Arizona DaT
Brarsby Williams
Baszo

Califarnia

Carter

Corps of Engineers
Desbordes
DNOS

Dooge

Eagleson

Epsey
Epsey-Winslow
FAL

Flavell

Giandotti
Haktanir-5Sezen
lohnstone—Craoss
Kerby-Hathaway
Kirpich-Pen
Kirpich-Ten
McCuen et al.
Pasini

Pickering

Picking
Pilgrim—McDermott
Ribeira

Schaake et al.
SCSHag

SCS-ave velocity
Sheridan
Simas—Hawkins
Temez

Van Sickle

Chow et al.
Wentura

Williams

RMSE: h
0:58

Rank

(51 % i Azizian 2019)

Goodness-of-fit indices

ME or bias: min
-31:3

1059
16:3

106

Rank
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HoR o FA BT
MRE or SBS: % Rank Sum of ranks
-634 11 33
2230 33 94
358 g 24
110 3 10
~260 6 21
95.6 18 50
1113 21 64
144 5 1
1094 20 55
-306 8 20
2056 36 108
-908 15 51
926 16 49
1132 23 82
1128 22 63
2741 35 103
2217 32 9]
792 14 38
~752 12 38
113 4 12
2156 31 86
1226 24 71
109 2 g
62 1 3
1748 25 72
2117 30 82
-363 10 29
1878 26 88
294 7 26
1889 27 88
1889 28 93
2072 29 84
-94.9 17 51
757 13 41
95.6 19 61
2232 34 97
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D:giiEke fi
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Borhz § ARL 0 AT 00E |G i 40 ] 1~112
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1077 et g7 ™R I &k [Kirpich (1940)

t, =21.67x107°
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.= 60( H ) 3T mhE a2 kKT R |© e fIAR 2 I [Practice (1942)
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~
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IR S =F 2 AT it
% #c
t, - (min)
R fE B oA LR E R
Denver Regional
Council of
Government (1969)
(11— )L C:igniaik i@ % 2 432 [Federal Aviation
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2R B

100 [(1%0) - 0]
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L:§kw-k+ ERB (&
£ ) (ft)
CN
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S BERETIEE R %)
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SCS lag equation
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44

Y1 % AEP ke T%E Gk

F5-1 R KR F R kY EE B RS ()

st S I (mm) t. (s) n
Tl 0.01 205.9 54 0.004
T2 0.01 208.7 47 0.024
T3 0.01 198.4 54 0.040
T4 0.01 1923 42 0.023
T5 0.02 199.2 40 0.015
T6 0.02 205.6 36 0.012
T7 0.02 199.3 35 0.012
T8 0.02 195.8 34 0.009
T9 0.03 192.9 30 0.008
T10 0.03 196.0 35 0.013
T11 0.03 195.6 32 0.015
T12 0.05 190.0 29 0.011
T13 0.01 228.2 38 0.009
T14 0.01 242.9 44 0.010
T15 0.02 236.3 32 0.010
T16 0.02 236.3 32 0.008
T17 0.02 236.5 39 0.010
T18 0.02 236.3 35 0.009
T19 0.03 232.1 29 0.009
T20 0.03 232.1 26 0.008
T21 0.03 229.1 28 0.009
T22 0.04 241.2 22 0.007
T23 0.04 2412 26 0.009
T24 0.04 240.5 26 0.007
T25 0.05 2373 22 0.008
T26 0.05 237.3 20 0.007
T27 0.05 2373 24 0.009
T28 0.05 238.1 23 0.008
T29 0.07 232.0 22 0.008
T30 0.07 232.0 19 0.009
T31 0.07 2289 25 0.011
T32 0.07 232.0 22 0.008

5-4



44

Y1 % AEP ke T%E Gk

FOS 2R MR A SRk AN B R (RT)

wha S I (mm) t. (s) n

T33 0.01 233.6 107 0.036
T34 0.01 234.4 83 0.038
T35 0.01 232.9 102 0.036
T36 0.01 233.2 110 0.043
T37 0.03 228.4 83 0.043
T38 0.03 228.3 73 0.049
T39 0.03 230.7 82 0.054
T40 0.03 219.0 76 0.045
T41 0.05 2393 71 0.048
T42 0.05 228.6 72 0.042
T43 0.05 231.4 76 0.051
T44 0.05 230.8 76 0.048
T45 0.07 223.1 58 0.042
T46 0.07 230.5 60 0.050
T47 0.07 228.9 62 0.053
T48 0.07 225.5 64 0.054
T49 0.02 239.2 66 0.030
T50 0.02 237.0 83 0.040
T51 0.02 237.8 79 0.036
T52 0.02 236.3 82 0.040
T53 0.10 231.9 52 0.034
T54 0.10 229.5 54 0.047
T55 0.10 2333 56 0.048
T56 0.10 231.9 59 0.053
T57 0.14 229.0 61 0.052
T58 0.14 229.1 65 0.045
T59 0.14 229.9 58 0.051
T60 0.14 228.8 68 0.059
T61 0.20 225.3 64 0.046
T62 0.20 226.0 58 0.061
T63 0.20 2243 64 0.069
T64 0.20 226.8 51 0.070
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253 AF R FRL KA FEERRER(XE)

B, S I (mm) t. (s) n

T65 0.01 221.4 149 0.050
T66 0.01 222.7 157 0.062
T67 0.01 222.4 152 0.068
T68 0.01 207.6 164 0.068
T69 0.01 225.1 171 0.089
T70 0.01 222.0 178 0.083
T71 0.01 223.5 159 0.077
T72 0.01 222.0 181 0.088
T73 0.02 228.2 165 0.115
T74 0.02 218.2 149 0.122
T75 0.02 226.8 146 0.115
T76 0.02 227.8 152 0.109
T77 0.03 225.8 139 0.128
T78 0.03 223.6 126 0.115
T79 0.03 225.3 128 0.128
T80 0.03 222.7 125 0.117
T81 0.04 226.0 115 0.120
T82 0.04 225.0 127 0.129
T83 0.04 224 .1 123 0.125
T84 0.04 220.8 116 0.119
T85 0.05 222.3 124 0.113
T86 0.05 220.5 120 0.108
T87 0.05 220.5 112 0.117
T88 0.05 221.7 111 0.113
T89 0.06 221.5 92 0.108
T90 0.06 224 .1 106 0.117
T 0.06 223.1 104 0.115
T92 0.06 223.3 101 0.114
T93 0.08 201.7 92 0.106
T94 0.08 200.3 95 0.097
T95 0.08 200.0 90 0.103
T96 0.08 2001 87 0.094
T97 0.10 186.0 83 0.092
T98 0.10 198.4 81 0.098
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