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ABSTRACT. The primary object of this study is to analyse rainfall data for workir g out design storm es-
timates for the design of urban drainage system. The probable rainfall has been statistically sstimated by analy-
sing the rainfall data racorded by 24 ordinary raingauge (ORG) stations and 3 self recording raingauge (SRRG)
stations falling in and around the area enclosed by 0.5° latitude and 0.5° longitude around Lucknow. The
various aspects studied are :

(a) Temporal distiibution of rainstorms over the said area and

(b) Depth duration frequency analysis of rain storms for durations uptc 6 hoursand for 2 and 5 years

return periods.

1. Introduction

In a developing country, the priorities for economic
development and investment are for food, housing,
clothing, health and education. Urban drainage is
generally not taken into consideration except when it
affects significantly above areas particularly, as a part
of flooding of urban arca. Failure to provide an ade-
quate urban drainage system seriously affects the
life of the people and exposes them to potential health
hazards. Thus, urban drainage systems are linked with
the overall problem of slum abolition, re-settlement
and urban redevelopment. Perhaps, that is why pro-
posals for urban drainage improvements such as in
the Delhi metropolitan area (1976) were taken up.

Design engineers concerned with the design of small
hydraulic structures like rail and road bridges, cul-
verts, urban drainage system require the estimates
of design rainfall of short durations. The temporal
and spatial distribution of rainfall within a storm are
some of the very important factors which govern the
design floods estimation. These rainfall estimates
are determined by the analysis of hourly rainfall data
recorded by SRRGs. However, the network of SRRG
is inadequate in most of the catchments all over the
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country. But, a huge amount of daily rainfall data
recorded by ordinary raingauge stations is available
which could be used by converting daily rainfall data
into short duration rainfall data.

Rao er al. (1983) interpolated the short duration
rainfall for a given return period from daily values of
rainfall recorded by ordinary raingauges in Lower
Godavari basin. The coefficients of regression bet-
ween short duration rainfall and 24-hour rainfall for
a given return period based on 14 SRRGs in the basin
were worked out using least square method. They
used these coefficients to interpolate short duration
rainfall from daily values of rainfall. These inter-
polated short duration rainfall estimates were compared
with actual observations of short duration rainfall
of the nearby recording raingauge station.

In this paper, an attempt has been made to study
the design of the drainage system in Lucknow and
neighbouring area. Following Ramaseshan and Sarma
(1978), the study is restricted to short durations upto
6 hours and return periods upto 5 years. The hourly
rainfall data recorded by SRRG over Lucknow for
25 years and 8 years, SR data each recorded over Kan-
pur and Bahraich and daily rainfall data recorded
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Fig. 1. Location of raingauge stations & Thiessen polygon

over 24 stations falling in and around the area covered
by 1/2° latitude and 1/2° longitude around Lucknow
for 63 to 70 years have been utilised in the study. The
data were processed by frequency analysis and isoplu-
vial maps for 1, 3 and 6 hours and for 2 and 5 years
return periods were prepared and are presented in the
paper. The temporal distribution of rainstorms over
the area were also studied in two categories of rain
storm duration, namely, 3 and 6 hours.

2. Data used

The daily rainfall data of 24 stations (Table 1) for
the period 50 to 70 years surrounding Lucknow have
been used in the study (Fig. 1). The hourly rainfall
data of Lucknow for 25 years and 8 years, SR data of
Kanpur and Bahraich have also been utilised.

3. Methodology

The rainfall data were analysed using Gumbel's
extreme value distribution.
3.1. Application of Gumbel’s extreme value distri-
bution
According to Gumbel's (1958) distribution, the pro-
bability density function F(x) is given by
F(x) = exp[— exp { —a (x — u)}] (1)
where x is the extreme rainfall likely to be equalled or
exceeded once in a given return period, on an average.
The parameters « and u can be estimated by the maxi-
mum likelihood procedure as given in the following
steps :
(i) Arrange the data into ascending order.
(if) Calculate the sextile means.

(iii) Calculate the mean (X) and standard devia-
tion (o) of the sextile means.

(iv) Calculat=
@ = 0.8333 x @)
i, = x—0.4833 ¢ 3)
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TABLE 1

List of ORG stations used

District Station Period of data
(Years)
(1) Lucknow Lucknow 70 (1901-70)
Mohilabad 63 (1901-63)
Mohanlal Ganj 63 (1901-63)
(2) Kanpur Kanpur 66 (1901-64, 67, 68)
Derapur 66 (1901-64, 67, 68)
Ghatampur 66 (1901-64, 67, 63)
(3) Unnao Unnao 65 (1901-64, 67)
Safipur 65 (1901-64, 67)
Purwa 65 (1901-64, 67)
(4) Sitapur Sitapur 65 (1901-63. 65, 67)
Biswan 65 (1901-63, 65, 67)
Sidhuli 50 (1901-50)
Misrikh 65 (1901-63, 65, 67)
(5) Hardoi Hardoi 66 (1901-64, 67, 68)
Sandila 66 (1901-64, 67, 68)
Bilgram 65 (1901-63, 64, 68)
(6) Raibareli Raibareli 66 (1901-64, 67, 63)
Maharaj Ganj 66 (1901-64, 67, 68)
Salon 66 (1901-64, 67, 68)
(7) Gonda Tarab Ganj 66 (1901-64, 65, 67)
(8) Barabanki Nawabganj 61 (1901-59, 61, 62)
Sanehighar 65 (1901-64, 67)
(9) Sultanpur Musafirkhanna 65 (1901-64, 67)
(10) Bahraich Kaisarganj 66 (1901-64, 67, 68)
TABLE 2
Reduction factors used for computing short duration
24-hour rainfall
Ratios with respzct 'to 24 hours
Station 1-hre 3-hr 6-hr
Lucknow 0.36 0.38 0.71
Kanpur 0.38 0.61 0,74
Bahraich 0.35 0.57 0.69

These values are used to initiate the maximum likelihood
solution.
(v) Tabulate

X o= (o — )] 4)
(vi) Compute

P=N— i g oo (5)
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(vii) Compute corrections e, Bdu, to the values

@, u, given by
$a¢ — (0.26P — 0.608R) a/N, (7)
Su, = (1.11P — 0.26R) a/N 8)
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Figs. 2 (upper) & 3 (lower). 1sopluvial maps of Lucknow and its neighbourhood for 2 & 5-yr return periods respectively

TABLE 3
Rainfall estimates (X7 ) with siandard error (SE) for various short durations for Lucknow station
Return period
Duration Mean SD 2-year 5-year 50-year 100-year

(hour)  (mm) (Mm) Ay A Ve Ay A = —

Xr SE AT SE Xr SE Xr SE
N PR C om) om) (om) @m) @m)  @m) @m)  (mm)

1 53.8 18.7 50.8 3.6 68.5 5.6 106.0 11.0 116.9 12.6

3 86.0 31.7 80.7 6.2 110.8 9.5 174.6 18.7 193.1 21.4

6 106.7 48.2 98.4 8.9 141.7 13.7 233.5 26.9 260.1 30.6
TABLE 4 The rainfall estimates (Xp) for a particular return

Te 1 di don of raiafall period (T) may be computed by

Duration (hr) Xy = u+ Yrfa (11)
1 2 3 4 5 6 Yr = —Inln [TT — 1)] (12)

Category I (%) 71 92 100 . . k. where, Y7 is the reduced variate, corresponding to T-yr

return period. The standard error for the rainfall esti-
Category 11 (%7) 56 73 81 92 97 100 mates, Xp using the maximum likelihood method for
the estimation of parameters is given by

SE (X7) = —(ﬂ%-,—q— (1.11 + 0.52Yp + 0.61Yz%)} (13)

(viii) The corrected estimates become
A

a = o -|- da, ' 9 3.2. Interpolation of short duration rainfall from

M= o + Slig. (10) daily values
Repeat the above procedure from step (v) to step The daily rainfall of 24 stations were processed for
(viii) till corrections da, 8u, become small. the selection of the annual daily maximum series. The
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Figs. 4(a & b). Average temporal distribution of rainfall

annual daily maximum series were converted into
annual 24 hours maximum series by multiplying by
a factor of 1.16. The factor of 1.16 has been worked
out from the average of ratios of 24 hours annual
maximum rainfall recorded by three SRRGs, namely,
Lucknow, Kanpur and Bahraich to the synominous
daily annual maximum rainfall values recorded by the
same ORG station.  Rainfall estimates for 2 and 5
years return periods were obtained by using the fre-
quency analysis. These rainfall estimates are based
on annual maximum series. These have to be converted
into partial duration series in order to obtain realistic
estimates. The multiplying factors of 1.13 and 1.04
are used for 2 and 5 year return periods respectively
(Dhar and Kulkarni 1970).

The hourly rainfall data of Lucknow, Kanpur and
Bahraich were processed by frequency analasis. The
rainfall estimates for duration 1, 3, 6 and 24 hours
for 2-year return period were used to compute the short
duration (1, 3 and 6 hours) rainfall ratios with res-
pect tc 2d-hour rainfall estimate. These respective
station ratios (Table 1) were used to interpolate
short duration rainfall estimates from 24 hours
rainfall estimates for all the stations falling in the
polygons drawn in the basis of Thiessen polygons in
the study area (Fig. 1)

3.3. Temporal distribution of rainfall

All the rain storms above 3 cm amount in 3 hours
or 6 hours recorded over three SR stations were col-
lected for this study. The temporal distribution is
studied under two categories of storm durations,
namely, 3 and 6 hours. The percentage ratios of hourly
rainfall were computed with respect to 6 hourly (or
3 hourly) accumulated rainfall. The percentage ratios
were plotted against durations for all storms and an
average curve was drawn.

4. Results and discussions

Gumbel's extreme value distribution with estimation
of parameters by maximum likelihood procedure
was adopted for the computation of rainfall estimates
of specified return periods and durations. Using the
hourly rainfall data recorded over Lucknow, Kanpur
and Bahraich and daily rainfall data recorded over 24
stations in neighbouring area of Lucknow, return periods
estimates for short durations and daily annual maximum
series were computed. The rainfall estimates for Luck-
now for various short durations 1, 3 and 6 hours and
for 2, 5, 50 and 100 years return periods which may be

used for the design of road and railway bridges in small
and medium catchments in the study area are provided
in Table 3. The rainfall estimates of daily values for
2 and 5-year return periods for all 24 stations were
converted into 24 hours rainfall estimates using the
conversion factor of 1.16 and adjustment factors
of 1.13 and 1.04 respectively.

The ratios of rainfall estimates for 2-year return
period of 1, 3 and 6 hours durations were worked
out with respect to 24-hour rainfall estimates as ex-
plained in section 3.2 above. These ratios were uti-
lised to interpolate 1, 3 and 6 hours rainfall estimates
from 24-hour rainfall estimates in respect of 24 stations.
These interpolated rainfall estimates for 2 and 5 years
return periods and 1, 3 and 6 hours durations were
plotted on base maps and isohyetal analysis was carried
out. These isohyetal maps (restricted upto 1/2° lati-
tude and 1/2° longitude around Lucknow) are depicted
in Figs. 2& 3. The standard errors in the estimation
of rainfall estimates for specified return periods and
duration can be estimated from Eqn. (13). These standard
error estimates for 2 and 5 years return periods
forl, 3 and 6 hours durations are tabulated (Table 3).

The temporal distribution studies were done by
collecting rainstorms above a threshold value of 3 cm
rainfall recorded in 3 and 6-hour durations. The study,
was done under two categories of duration, namely
(a) storms of 3 hour duration, (b) storms of 6 hours
duration. The percentage of hourly rainfall with respect
to 3-hour (6-hour) rainfall were worked out and plotted
versus duration of rainfall for all the rainstorms.
The average curves averaging over all the storms were
drawn. The average temporal distribution of storms of
3 and 6 hours duration are depicted in Fig. 4 (1} & (b)
and the results are tabulated (Table 4).

It may be added that the design estimate tabulated
in Table 3 and Figs. 2 & 3 are point estimates and
may be adopted for drainage in small basins of areas
upto 25 km!. An appropriate areal reduction factor
may be applied for adopting these values to design
drainage system for basins of catchment area more
than 25 km2.
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