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Evaluation of the Clark Unit Hydrograph Parameters Considering Basin and

Meteorological Conditions:
1. Selection and Analysis of Representative Storm Events

Yoo, Chulsang / Kim, Kee Wook / Lee, Ji Ho

Abstract

This study evaluated the parameters of Clark unit hydrograph (UH) estimated using the
rainfall-runoff measurements and evaluated their variability. This also includes the quantification of
basin and meteorological factors using probability density functions, selection of storm events with
mean affecting factors, and derivation of average parameters of the Clark UH from storm events
selected. Summarizing the results from this procedure are as follows. (1) It is not easy to avoid much
uncertainty on the decision of runoff characteristics (that is, the concentration time and storage
coefficient) even with some rainfall-runoff events are available. (2) As the distribution function of
concentration time is very skewed, a simple arithmetic mean may lead a biased estimate. That is, the
arithmetic mean based on the normal distribution can not be representative anymore. The mode may
well be the representative in this case. On the other hand, the storage coefficient shows a symmetric
distribution function, so the arithmetic mean may be used use for its representative. For the basin in
this study, the concentration time in this study is estimated to be about 7 hours, and the storage
coefficient about 22 hours.
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Fig. 1. Estimation of concentration time and storage coefficient of Clark unit hydrograph
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Table 2. Decision of probability density functions of basin and meteorological factors considered
{O: accepted, X: rejected)

8
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Fig. 2. Derivation of probability density functions of meteorological factors (from top, wind direction, wind
velocity, average temperature, average cloudiness and hours of sunshine)
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Fig. 3. Derivation of probability density functions of rainfall factors (from top, total rainfall,
duration, maximum rainfall intensity and average rainfall intensity)(continued)
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Table 3. Affecting factors and their mode, mean and confidence interval (C.1)

Rainfall Duration (hr) 27.1 39.2 8.73~92.33 11.37~80.76 13.39~73.74
Total Rainfall (mm) 69 976 | 2263~22944 | 29.31~201.02 | 34.37~183.76

Max. Rainfall Intensity (mm/hr) 9.63 12.3 3.77~25.68 4.63~22.88 5.25~21.16
Avg. Rainfall Intensity (mm/hr) 2.2 2.86 0.83~6.19 1.03~5.49 1.17~5.06
Antecedent 5 Day Rainfall (mm) 0 39.49 0~131.68 0~96.39 0~76.11
Avg. Temperature () 21.07 21.07 14.92~21.22 15.91~26.23 16.56~25.59
Avg. Wind Velocity (m/s) 0.954 1.56 0.429~4.116 0.51~3.43 0.58~3.05
Wind Direction (°) 57.32 5732 | -51(314)~165 | -34(331)~148 | -22(343)~137

270.74 270.74 228~313 235~306 240~302

Avg. Cloudiness 10 9.34 7.84~10 8.29~10 858~10

Hours of Sunshine (hr) 0 1.69 0~5.93 0~4.64 0~3.83
Vegetation (Julian day) 2015 201.5 128.4~274.2 141.7~260.8 150.1~252.7

Table 4. Some statistics of selected rainfall events (4 and exp(y,,) locate the mean and mode,
respectively)

Mean
95% explf,, ) 6.84 20.70
(0] .
Min. 1.2 8.7
Max. 50 41
M B 11.53 22.87
ean
90% explin,, ) 7.99 21.74
o .
Min. 2.0 135
Max 33.5 39.2
M B 12.26 23.76
ean
85% explfy,g ) 12.86 23.23
(o] .
Min. 2.0 174
Max. 33.5 39.2
16 =y 16 = 16—
12 — ;" 12 —4 12 =
i 95%-confidence interval 90%-confidence interval 85%-confidence interval
LT q----- 1hr-UH(min) 1 -- thr-UHminy ( 3 |- 1hr-UH{min)
S o — 1hr-UH(max} & | —  — jhr-Ur{max) S —  — thr-UH(max)
S 1hr-UH{mean) -y 1hr-UH{mean) 3 e 1hr-UH({mean)
5 T S (i} 2
z I a W a :\\
AN
I\
AN
T T T L LA R | e T
o 50 100 . 150 0 250 0 100 150 200 260 ¢ 50 100 150 200 250
Time(hr) Time(hr) Time(hr)

Fig. 6. One-hour UH derived using mean, maximum and minimum concentration times and storage
coefficients for given significance levels of 95%, 90% and 85%
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£0)=[2nL(k)] 'explrcos (6—p)], (A-D)

0=0<2m, 0= kK< ®

7] A,
2n
L(k)= (2#)—1/ explrcos(¢p—p)]do (A-2)
0

von Mises FEUETF wi/dss o3 2ol
H7# (3P, AF A (concentration parameter), 5%
F2A4E ol&3te] =A%) von Mises FEHEZG
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VV(py k) 0] BABL T, BE 1-pol 98te] VV(uyk,)
7} AR AR WANRAT py, py, Ky, Ky, PR
o] 43t the 72 oAl e WAEAE & & Atk
pA, (,)cos (1) +(1—p) A (ry)cos (1) = €, (A-3)

pAy (i, )eos (2p,) + (1= p) Ay (k,)cos (2pa5) = Cy (A-4)

pA; (5, )cos (3,) +(1—p) A3 (ky)cos (3py) = C; (A-D)

pA, (r))sin{p,) +(1—p)A4; (ky)sin(p,) = 5 (A-6)

pAy(k))sin (2u,) +(1—p) Ay (ky)sin(2u,) = 8, (A-7)
pA3(/f1)sin(3,u1)+(1—p)A3(52)sin(3u2)=§3 (A-8)

o] 7)A,

A, (k) =L(k)/ L (k)
(=1, 2, 3 (A-9)

C= zn:cos (i6,)/n

j=1

(i=1, 2, 3) (A-10)
5= Ysin(i6,)/n
j=1
(i=1,2,3) (A-11)
o 1 25+
Lk)= 3] [(j+i)!j!]’1(55)
i=0
(1=1,2, 3 --) (A-12)

o] ABolA W ST IAE AC, AG,
AC, AS,, AS,, ASE} 3P, 3] AFe ¥& H
238 WAEE by, py, Ky, Ky, pE FAT T Y

(Fisher, 1995).
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