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Estimation of the runoff coefficient of the Rational
Formula by the proposed TC runoff coefficient

By
Takeo Kinosita

National Research Center for Disaster Prevention, Japan

The Rational Formula Eq.(1) is widely used for the design of structures to prevent
heavy rainfall disasters. The runoff coefficient f used in the formula in Japan at present
was determined about 50 years ago. It is highly necessary to revise the coefficient based
on the data recently acquired. As the Rational Formula is for peak discharge, an example
of the coefficient can be derived from rainfall and peak discharge during one storm. A
big discharge occurs less frequently, namely once in many years. Therefore useful
examples for revision of the coefficient are sparse. The author proposes a runoff
coefficient within the time of concentration at the drainage area (hereinafter called
a TC runoff coefficient or %) as expressed in Eq.(2). A TC runoff coefficient can be
calculated from the observed rainfall and discharge data at any given moment. The TC
runoff coefficient at the time of the peak discharge is by definition equal to the runoff
coefficient. The trend of TC runoff coefficients implies their extreme value of the runoff
coefficient when unexperienced heavy rain (for instance, the rain of the 200-year return
period) falls on a drainage basin. The rainfall of the 200-year return period can easily be
obtained by using the probability chart, but the runoff coefficient corresponding to the
heavy rainfall of the 200-year return period has not been estimated yet.

The author discusses the simplest cases of uniform rainfall with the duration T, on
the idealized rectangular impervious drainage basin, where the length of the basin is L as
shown in Fig. 1. Suppoising the velocity of the overland flow is constant V, the hydro-
graph (a solid line) can be composed as Fig. 2 (T.>T) and Fig. 3 (TT<TC) where T =
L/V. On the hydrograph, a TC runoff coefficient is always 1 as Eq.(6). If the drainage
basin is previous, the hydrograph may be a dotted line KLMN in Figs. 2 and 3. Fig. 4
shows the relation between the rainfall intensity on the abscissa and the TC runoff
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coefficient on the ordinate, in which every point indicated by alphabet corresponds
to that in Figs. 2 and 3. Fig. 5 shows the relation between the accumulated rainfall on
the bascissa and the TC runoff coefficient on the ordinate, in which every point in-
dicated by a letter corresponds to that in Figs. 2 and 3. The idealized study makes
clear that the trend at LM is important to estimate the trend of TC runoff coefficients,
and the MN stage is rather unstable for a definite conclusion.

The author analyzes the hydrological data at Yorii in Arakawa (A Basin) and at
Kusaki Reservoir in Watarase-gawa (B Basin) where the drainage basins are 254 and
927 km? respectively. The basin shapes are shown in Fig. 6. The date of the three floods
which are here analyzed were all caused by typhoons. The flood number “8115™ and
others are the typhoon numbers named by Japan Meteorological Agency. Table 2
indicates the observed time lag between the rainfall peak and the discharge peak. Based
on these figures, the times of concentration are decided as 5 and 8 hours for A and B
Basins.

Fig. 7 for A Basin and Fig. 8 for B Basin illustrate the relations between the TC
runoff coefficients and the rainfall intensities, with reference to the idealized cases in
Fig. 4. An arrow shows the lapse of time. When the intensities are about 10, 20, and 30
mm/h, the TC runoff coefficients are 0.2~0.5, 0.5~0.8, and 0.8~0.9 respectively. Some
characteristics can be discerned, for instance, therc are two types of change in the TC
runoff coefficients namely reversibly drawing down and sudden rise as MN in Fig. 4
when the rainfall intensity decreases. The other characteristic is that the TC runoff
coefficient gradually increases when the rainfall persists with constant intensity as in
Fig. 8.

Fig. 9 for A Basin and Fig, 10 for B Basin illustrate the relations between the TC
runoff coefficients and the accumulated rainfalls, with reference to the idealized cases
in Fig. 5. An arrow shows the lapse of time. When the accumulated rainfalls are 150~
200 mm and 250-~300 mm, the TC runoff coefficients are 0.5~0.7 and 0.8~0.9 res-
pectively. Step increases can be found in some cases for continuous rainfall, The similar
characteristic was found in the runoff pattern in the experimental plot by the author.

To conclude, a considerable value of the runoff coefficients should be expected

for a big storm as listed in Table 3.
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Fig. 1 Idealized drainage basin with reference
to Eq. (4) and Figs. 2~5.
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Fig.2 Hyetograph (a chain line) and hydro- T < T DEE.
graphs (a solid line) from the idealized Fig. 3 Hyetograph (a chain line) and
basin in the case of Tr>Tc. hydrographs (a solid line) from

the idealized basin in the case of
Tr<Tec.
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Fig. 4 TC runoff coefficient against the Fig. 5 TC runoff coefficient against the accumu-
rainfall intensity in the idealized lated rainfall in the idealized basin. A
basin. A solid line: impervious solid line: impervious and a dotted line :
and a dotted line : pervious. pervious.
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Fig. 6 The drainage basins where data were obtained.
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Table 1 Areal averages of storm rainfalls (Ieft column) and flood runoff ratios
(right column).

A RO B i g
S \/i-/:‘ X Iy N R
f%ﬁié HE K I R f*ﬁﬁg HE K R
4 8115 379 m| 0.73 300 m|  0.70
% 8210 332 0.96 340 1.00
B 8218 229 0.92 379 0.88
X2 TR — 75 bR — 2 & TOHR,

Table 2 Areas of the drainage basins and the time from the rainfall peak to the
discharge peak.
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Fig. 7 TC runoff coefficient against the rainfall intensity in A Basin.
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Fig. 8 TC runoff cocfficient against the rainfall intensity in B Basin.
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Fig. 9 TC runoff coefficient against the accumulated rainfall in A Basin.
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Fig. 10 TC runoff coefficient against the accumulated rainfall in B Basin.
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Table 3 TC runoff coefficient against the rainfall intensity
and the accumulated rainfall.

B &
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