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ABSTRACT
The rainfall data is available for India majorly as 24-hour records, taken
between 08:30 hours on consecutive days. Indian Meteorological Department (IMD)
is establishing continuous recording rain gauge network, but sufficient sub-daily data
would become available only after a few decades. Consequently, practicing engineers
resort to generic time distribution curves to obtain sub-daily rainfall. Time distribution
curves for rainfall available for India includes Central Water Commission-Indian
Meteorological Department-Ministry of Surface Transport (CWC-IMD-MoST) curves
for various zones and IMD-CWC curves for few river basins, respectively. Time
distribution curves of rainfall are also available in international literature, namely,
Standard Project Storm (SPS) and Technical Report No. 55 (TR55), both developed
for USA. In this article, all these curves are evaluated for accuracy at a coastal site
near Mumbai, India, which predominantly receives south-west monsoon rainfall. From
the study, it is concluded that whereas SPS (index rainfall: 8 inches) and TR55 curves
would, in general, provide safe (though uneconomic) design, adoption of SPS (index
rainfall: 20 inches) curve, CWC-IMD-MoST curve (subzone 5a & 5b) or IMD-CWC
curve for Catchment No. 102 for west flowing rivers would result in unsafe hydraulic
design for this site. The deviations could be attributed to different rainfall
characteristics at foreign locations or due to temporal, areal and ensemble averaging
for the river basins in India. Rather than adoption of generic curves from literature, site
specific time distribution curve for rainfall would be preferable for safe and economic
design of important hydraulic structures.
Keywords: Time distribution of rainfall, Tropical rainstorm, Site-specific rainfall,
Design storm

INTRODUCTION
For design of hydraulic structures such as weirs, check dams, culverts or storm water
drainage networks, it is required to arrive at the design discharge at the point of interest. The
importance of the particular structure defines the mean recurrence interval to be considered,
which is also known as the return period, and this becomes an important consideration for the
evaluation of the extreme rainfall. In India, most of the rainfall records are daily records, from
08:30 hours on a day to 08:30 hours the next day, and this is recorded as the rainfall for that
day.
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Extreme value analysis (EVA) of this data would yield the desired rainfall extreme for
24 hours, as reported earlier by Gupta et al. (2018) for the site for which this study is
conducted. However, as smaller hydraulic structures have time of concentration different
(mostly less) from 24 hours, information about the distribution of rainfall in time is required to
arrive at the design rainfall extreme for the structure, and subsequently run-off calculations.
Time distribution curves illustrate the generalised variation of the rainfall as a function of time
for any rainstorm. This distribution is valuable for hydraulic design of structures as it becomes
possible to obtain the maximum runoff value corresponding to the time of concentration
specified for the structure. Internationally, the time distribution curves are given in SPS
(USACE, 1965) and TR55 (NRCS, 1986), both developed for USA, and these curves are
popularly adopted in absence of time distribution curves for any particular area. For India,
detailed time distribution curves were generated and published in Flood Estimation Report by
CWC-IMD-MoST (1992).
Recently, IMD-CWC (2015) had published more time distribution information for few
river basins in India, though the rationale for generating them requires further clarity. In an
earlier study by Dauji et al. (2018) conducted for the same site, it was observed that the ratio
of maximum 1-hour to 24-hour rainfall was non-conservative when evaluated from the time
distribution curves from literature. This motivated the present detailed study for comparison of
n-hour maximum rainfall obtained from the site observations and the similar information from
various curves in literature. In this paper, the accuracy of time distribution curves available in
literature is examined in full detail for a western coastal site in India. This would help to
ascertain the range of errors that might be associated when adopting the curves from literature
for the site under consideration.
SITE DESCRIPTION
The site under consideration is located about 150 km from Mumbai in Maharashtra, on
the western coast of India facing Arabian Sea. The local topography is plain interspersed with
occasional hills with some vegetation cover. The average rainfall of about 2000 mm occurs
during the southwest monsoon between the months of June to September, in an average of
90 rainfall days. The rainfall data was obtained in a chronological manner, in the form of hourly
rainfall for a period of 17 years from 1997– 2013. The unit of measurement of rainfall depth
was millimeters. This data was used for further analysis.
TIME DISTRIBUTION CURVES FROM LITERATURE
In India, typically four sets of curves have been used by the hydraulic designers for the
time distribution of rainfall. They include two sets of curves developed for USA: the Standard
Project Storm (SPS: USACE, 1965) and TR 55 (NRCS, 1986) curves. The Flood Estimation
Report by IMD-CWC-MoST (1992) and recently published PMP Atlas by IMD-CWC (2015) are
developed for Indian river basins and these form the third and fourth sets of curves available
for application. They are briefly discussed below.
The U.S. Army Corps. of Engineers (1965) developed the SPS set of curves for arriving
at a conservative runoff estimates for the military applications. For this purpose, they defined
the time distribution fractions in each 6-hour segment (four segments for 24 hours) for different
'index rainfall' values (Fig. 1), which indicate the maximum rainfall intensity of the area. The
index rainfall for different zones of USA was defined in the document and this varied from 8
inches to 20 inches of rainfall. Further distribution of the rainfall within the 6-hour segments
was enumerated in tabular form (Table-1). The sequencing of the segments was also indicated
in the document, with the maximum 6-hour segment being placed third in sequence. From all
these information, it would be possible to generate the 24-hour time distribution of rainfall for
any index rainfall value.
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Fig. 1: SPS Curves: US Army Corps. of Engineers (regenerated from USACE, 1965).
Table-1: Hourly rainfall distribution for 6-hour segment (USACE, 1965)
Rainfall period ( Subdivision of 6-hour
period)
1st
2nd
3rd
4th
5th
6th

Time Distribution of 6-hour SPS Rainfall,
(Expressed in Percent of Total 6-Hour Rainfall)
Selected Unit rainfall duration
6-hour
3-hour
2-hour
1-hour
100
33
26
10
67
53
12
21
15
38
14
11

The index rainfall is not defined for India, and hence, the time distributions from SPS
have been developed for the maximum (20 inches) and minimum (8 inches) index rainfall
values and presented in Fig. 2. It is noteworthy that the time distribution of 8 inches index
rainfall is quite steep between 12 and 18 hours (Fig. 2b) whereas for the index rainfall of 20
inches (Fig. 2a), the slope is comparatively less steep. This signifies that the rainstorms with
higher rainfall depths would be more uniformly distributed and lower rainfall depths would
experience more intense storms in U.S.A., for which the document (USACE, 1965) was
developed. For Indian conditions, this could be quite different and is subject to verification.
In USA, research was carried out by National Resources Conservation Services (1986) and the
results were provided in the form of dimensionless curves for various regions of the country. The country
was divided into four zones based on the hydro-meteorological characteristics and rainfall patterns of
USA. The time distribution of rainfall was given for each zone, such that the sequence yields the
maximum runoff for any given duration of rainstorm (Fig.3). For the monsoon rainfall in India, the tropical
rainstorm curve given for the Type III (NRCS, 1986) would be applicable. Here, it should be noted that
the applicable curve (Type III) is having very steep slope around the middle of the rainstorm, when
compared to the other hydro-meteorological zones in U.S.A., which are relatively flatter. In comparison
to the SPS, this indicates that the time distribution curve for lower index rainfall (8 inches) might be
better suited, which will be verified subsequently.

3

Accuracy of rainfall time distribution curves in literature for a coastal site near Mumbai, India: Harshanth R. et al.

(a)

(b)
Fig. 2: Rainfall Time Distribution Curves Developed from SPS Curve and Table (a)
Maximum Index Rainfall (20 inches) (b) Minimum Index Rainfall (8 inches)
(Regenerated from USACE, 1965).

Fig.3: NRCS TR55 Dimensionless Curves (regenerated from NRCS, 1986).
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For India, studies were conducted jointly by Central Water Commission (CWC), Indian
Meteorological Department (IMD), and Ministry of Surface Transport (MoST) for flood estimation of the
different river basins by adopting a regional approach. Possibly the first set of temporal distribution
curves were developed for the zone under which the present site is situated (west coast) and were
published in 1992 under the head 'West Coast Region Konkan and Malabar Coasts Sub Zones – 5a
and 5b'(CWC-IMD-MoST, 1992). This was the eighteenth in the series of reports which were developed
and published for India. These are available on the website for hydraulic designers to download and
apply for their studies. The temporal distributions were given for various durations of storms individually
from 2 hours to 24 hours, and in groups for 2-3 hours, 4-6 hours, 7-12 hours, 13-18 hours, and 19-24
hours. This exhaustive information would be very useful for the studies on the regional scales. However,
their application for a particular site in any zone might still be inaccurate due to the spatial averaging
involved in arriving at these curves. The accuracy of these curves for the site under consideration is
evaluated in the present study. The time distribution for 24-hour rainstorm has been regenerated from
the report and reproduced in Fig. 4.

Fig. 4: Flood Estimation Report curve for 24-hour rainfall for the subzones 5a and 5b
(regenerated from Flood Estimation Report 5a & 5b: CWC-IMD-MoST, 1992).
Studies were later conducted by the Indian Meteorological Department and the Central Water
Commission (IMD-CWC, 2015) for different catchments in India subjected to monsoon rainfall through
the Probable Maximum Precipitation or the PMP method using the physical or the meteorological
approach. This involved the analysis of the maximum rainfall events in the given catchment area along
with the neighbouring catchments. Consequently, the Depth-Area-Duration (DAD) curves were
developed to understand the temporal and areal distribution of extreme storms in the catchment. This
was followed by application of statistical techniques like frequency analysis to determine the maximum
storm. There were separate sets of documents for Brahmaputra basin, Cauvery basin, Ganga basin,
Godavari basin, Mahanadi basin, Narmada basin and for the West-flowing river basin. For west flowing
rivers, PMP Atlas had been developed by IMD-CWC (2015) for two different catchments, the northern
and the southern, and the present site under consideration falls in northern catchment (No. 102).
Different time distributions of rainfall were suggested for different durations of storm events such as, 12
hours, 24 hours, 48 hours, etc. with the temporal axis in hours. For intermediate duration of storms,
choice of the time distribution was left to the judicious decision of the designer. For 24-hour storm, the
suggested time distribution is depicted in Fig. 5 and in Fig. 6, the time distribution for 12-hour storm has
been presented. In both these curves, it is observed that the steepness of the curves is higher in the
initial stages, and gradually becomes gentler towards the end of the 24- or 12-hour period, as the case
may be. This is in agreement with the earlier set of curves (CWC-IMD-MoST, 1992) whereas it is in
contrast with the curves for U.S.A. (USACE, 1965; NRCS, 1986) where the more intense rainfall had
been located in the central (NRCS, 1986) or the third quadrant (USACE, 1965) by choice.
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Fig.5: PMP Atlas curve for 24-hour rainfall for the Catchment 102: Northern basin for west flowing
rivers (regenerated from IMD-CWC, 2015).

Fig.6: PMP Atlas curve for 12-hour rainfall for the Catchment 102: Northern basin for west
flowing rivers (regenerated from IMD-CWC, 2015).
DATA AND METHODOLOGY
The data for the study was continuous hourly rainfall records for 17 years (from 1997
to 2013), which were obtained from the continuous recording type rain gauge installed in the
Environmental Survey Laboratory (ESL) at the site. For evaluation of the accuracy of the time
distribution curves from literature for the site under consideration, the following strategy was
adopted. The maximum n–hour fraction of 24-hour rainfall obtained from these curves were
computed for 'n' ranging from 1 hour to 24hours. From the continuous rainfall data of the 17
years recorded at the site, the maximum n–hour fraction of the 24-hour rainfall was also
evaluated for 'n' ranging from 1 hour to 24 hours. That is, the maximum fraction of daily rainfall
occurring in one hour, continuous 2 hours, continuous 3 hours, and so on till continuous 24
hours were calculated from this data. The two sets of fractions thus obtained, namely, from
6
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the generic curves and the site data, were compared for each duration (n) of continuous rainfall
(1 hour to 24 hours). It should be noted that the maximum n–hour rainfall might happen
anytime during the 24-hours rain-day. That is to say that maximum 1-hour rainfall might not
occur in the first hour, maximum 2-hour rainfall might not occur in first two hours, and so on.
Hence, when the maximum n–hour fractions are plotted against the hours of continuous
rainfall (Fig. 7), they would not form the time distribution curve. This comparison would
demonstrate the capability of the curves from literature in capturing the maximum n–hour
precipitation for the site and indicate the range of errors associated with the use of such
curves. These maximum n–hour rainfall values were normalized with respect to the total
rainfall value recorded in 24 hours from 0800 that day to 0800 the next day. The selection of
the 24-hour period was targeted towards adopting the closest record period possible to that of
the predominantly available rainfall data in India (08:30 of a day to 08:30 the next day).
RESULTS AND DISCUSSION
Maximum n–hour rainfall fraction for the site:
The maximum n–hour rainfall recorded at the site extracted from the 17 years’ data for 1 hour
to 24 hours are depicted in Fig. 7 as a fraction of the 24-hour rainfall for that day. It is noticed that the
maximum 1-hour rainfall is around 30%, maximum 2- rainfall is more than 40%, around 60% rainfall
occurs in maximum 4-hour period, and around 80% rainfall happens in maximum 9-hour period. These
indicate that the rainstorms are intense rainfall of shorter durations, a typical characteristic of the
monsoon rainfall in tropical countries. The abscissa denotes the number of hours of continuous rainfall,
and not the progressive rainfall hours. The ordinate represents the maximum fraction of rainfall
occurring in the particular number of continuous rainfall hours. A very important point to note is that
though it appears similar to the suggested time distributions for the basin/zone Fig. 4 (CWC-IMD-MoST,
1992) and Fig. 5 & Fig. 6 (IMD-CWC, 2015), Fig. 7 does not represent the time distribution curve per
se, but display the discrete n–hour maximum rainfall fractions as explained in the preceding lines.

Here it is emphasized that development of generalized time distribution curve for rainfall would
call for a very different data analysis altogether.

Fig.7: Maximum n–hour fraction of 24-hour rainfall for the site.
Having established the maximum n-hour fraction of rainfall for the site from one hour
up to 24 hours, the next exercise is comparison of the same with the maximum continuous nhour fractions obtained from the various time distribution curves from literature, namely, SPS
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(index rainfall: 8 inches and 20 inches: USACE, 1965), TR 55 (Curve Type III: NRCS, 1986),
Flood Estimation Report (Sub Zones 5a and 5b: CWC-IMD-MoST, 1992), and PMP Atlas
(west flowing rivers, catchment 102, 24-hour rainfall & 12-hour rainfall: IMD-CWC). These are
depicted in Fig. 8 to Fig.13 in the same order.
Comparison with international time distribution curves for rainfall:
The SPS (8 inches) overestimates the maximum n-hour fraction for the site for the
entire range (1 hour to 24 hours): see Fig. 8. The overestimation is around 12% (with respect
to site values) for 1-hour to 12-hours continuous rainfall, with higher values for few cases such
as 4-hour to 9-hour continuous rainfall. The maximum overestimation is for 6-hour rainfall and
the value is 25% more than the observation at site during the 17 years (1997 – 2013). In case
of the SPS (20 inches) curve, the rainfall is underestimated over the entire range: see Fig. 9,
with the maximum value at 32% lower than observation for 2-hour continuous rainfall.

Fig.8: Percentage deviation of site from SPS (index rainfall: 8 inches: USACE, 1965).
The underestimation generally reduces as the duration of continuous rainfall increases
from 2-hours, the value being 20% at 6-hour, 15% at 9-hour, 10% at 12-hour and less
thereafter. It can be concluded that while the former curve would yield uneconomic but safe
hydraulic design for the site, the latter could result in unsafe design. This is significant as the
time of concentration of most of the smaller hydraulic structures would be within 12 hours,
wherein the deviations are higher. Hence, SPS curves (maximum or minimum) (USACE,
1965) would not be suitable for application to the site. This could be because of two reasons:
firstly, the US Army Corps. targeted the conservative designs for speed of execution; secondly,
the index rainfall for the site has not been identified for application of the SPS time distribution
(USACE, 1965), thus the minimum curve overestimates and the maximum curve
underestimates. The document was prepared for USA and the index rainfalls for the different
regions of that country were indicated. It may be suggested that if SPS document (USACE,
1965) is required to be applied for India, safe design may be arrived at by adopting the curve
for minimum index rainfall, though it would be expensive in execution.
For the TR 55 Curve Type III, which is applicable for the tropical rainstorms, the
deviations with respect to the site observations are presented in Fig. 10. There is one
underestimation for 1-hour rainfall (~ 5%) whereas for all other durations of continuous rainfall,
the Curve Type III overestimates. The maximum overestimation happens for 2-hour rainfall
(~30%) and from there it decreases to 10% at 6-hour rainfall, 5% at 10-hour rainfall and further
8
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as the duration increases. This clearly indicates that the tropical storms experienced in USA,
for which the curve had been developed, were more severe when compared to the ones in
India, as overestimation for shorter duration rainfall (up to 6 hours) is more. As the typical time
distribution patterns were developed for USA (NRCS, 1965), they fail to capture the tropical
rainstorm characteristics of the Indian site adequately, resulting in these deviations. Thus,
except for 1-hour time of concentration when it would be slightly unsafe design, the design of
hydraulic structures with the Curve Type III from TR55 (NRCS, 1986) would result in safe,
though uneconomic designs for the site.

Fig.9: Percentage deviation of site from SPS (index rainfall: 20 inches: USACE, 1965).

Fig.10: Percentage deviation of site from TR55 (Curve Type III: NRCS, 1986).
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Comparison with Indian time distribution curves for rainfall:
The Flood Estimation Report (CWC-IMD-MoST, 1992) provided a series of time
distribution parameters, as discussed earlier. They were for individual storms of duration
starting from two hours up to 24 hours; for groups of storms of duration: 2–3 hours, 4– 6 hours,
7–12 hours, 13–18 hours, 19–24 hours and 1–24 hours. For the sake of comparison with the
site data, the individual storms of duration from one up to 24 hours have been selected. The
purpose was to get the exhaustive information about the accuracy or degree of errors
associated with adopting the curves from the document for the site, for various storm
durations. The detailed variations observed between the site data and the curves have been
presented in Table-2 and a few comparisons are graphically represented as before in Fig. 11
(a–f). The figure depicts the variations for the storm durations of 3, 6, 9, 12, 18 and 24 hours
respectively from Fig. 11(a) to Fig. 11(f). Considering the Table-2 and the plots in Fig. 11
together, it is easily discernable that the hydraulic design using these sets of curves would
result in unsafe design in most of the cases. Approximately in around 6% cases (15 out of
276), the adoption of the curves from literature (CWC-IMD-MoST, 1992) would result in
conservative design.

(a)

(c)

(b)

(d)
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(e)

(f)

Fig. 11: Percentage deviation of site from Flood Estimation Report (CWC-IMD-MoST, 1992)
(a) 3-hour rainfall curve (b) 6-hour rainfall curve (c) 9-hour rainfall curve (d) 12-hour rainfall
curve (e) 18-hour rainfall curve (f) 12-hour rainfall curve.
The maximum overestimation is around 8%, whereas the maximum underestimation
goes up to 43% for the first hour. The maximum and the mean variations for each hour,
considering all the rainstorm durations together, are depicted in Fig. 12. Up to 12 hours
continuous rainfall, the maximum underestimation hovers above 20% and up to 8 hours of
continuous rainfall, the mean underestimation is above 10%.
Next, the curve developed for region under consideration, from the Catchment No. 102
of the west flowing river basins of PMP Atlas (IMD-CWC, 2015) is considered. The comparison
of the curve for 24-hour curve with respect the site observations are shown in Fig. 13 (a) where
it can be noted that the IMD-CWC curve underestimates for the entire range up to 24 hours.
The maximum underestimation is around 35% (for 1-hour), between 27% to 20% up to 8-hour
continuous rainfall, falling to around 10% for 13-hour continuous rainfall, and further reduces
for longer durations. The adoption of this 24-hour curve (IMD-CWC, 2015) for hydraulic design
at the site would result in unsafe design for any time of concentration of hydraulic structures
other than 24 hours.

Fig. 12: Maximum and mean Underestimation of rainfall at site using Flood Estimation
Report (CWC-IMD-MoST, 1992).
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Table-2: Variation of observed n– hour maximum continuous rainfall at site and
corresponding n–hour maximum rainfall from Flood Estimation Report
(CWC-IMD-MoST, 1992) for various durations of rainstorms.

(a)

(b)

Fig.13: Percentage deviation of site from PMP Atlas (West Flowing Rivers, Catchment 102:
IMD-CWC, 2015) (a) 24-hour rainfall curve (b) 12-hour rainfall curve.
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The comparison of the curve for 12-hour curve with respect the site observations are
shown in Fig. 13 (b), where it can be noted that the IMD-CWC curve underestimates up to the
middle of the storm duration (6 hours) and overestimates beyond that period up to 12 hours.
The maximum underestimation is around 26% (for 1-hour), whereas the maximum
overestimation is around 18%. The adoption of this 12-hour curve (IMD-CWC, 2015) for
hydraulic design at the site would result in unsafe design for time of concentration of hydraulic
structures less than or equal to 6 hours, and uneconomic (though safe) for time of
concentration more than 6 hours.
The general observation is that the underestimations are high for lower duration of
continuous rainfall, and reduces with increasing rainfall duration. Thus, for calculations
involving long rainfall durations the errors involved would be of less magnitude, whereas for
hydraulic designs with shorter time of concentration, the inaccuracies would be higher. These
deviations could be due to the temporal, ensemble and particularly spatial averaging adopted
for development of the CWC-IMD-MoST curves (1992) and IMD-CWC curves (2015), which
are provided for application to a region. In this study, the comparison has been made with the
maximum observed values for the n-hour continuous rainfall, and hence could have resulted
in the deviations. For conservative estimates for critical structures at this site, due to the high
errors involved with any time distribution curve in literature (Indian or international), site
specific studies would be advocated. It may be mentioned that this finding is similar to studies
reported for other countries, where researchers Guo and Hargadin (2009) concluded that the
site specific (Denver) rainfall extracts yielded different, and often higher values of rainfall when
compared to generalised time distribution curves developed for the region (SCS Curves for
USA) and had finally suggested development and use of site specific time distribution curve
for rainfall.
CONCLUSIONS
In this paper, the time distribution curves available in literature, namely, SPS (USACE,
1965), TR 55(NRCS, 1986), Flood Estimation Report (CWC-IMD-MoST, 1992) and PMP Atlas
(IMD-CWC, 2015), were examined for accuracy for one site on the west coast of India, which
predominantly experiences the south-west monsoon rainfall. Hourly rainfall data from 17 years
(1997–2013) was available for the study and continuous n-hour rainfall fraction of 24 hours
(from 08:00 one day to 08:00 next day) for 1-hour to 24-hour were evaluated. These fractions
were compared with the corresponding fractions obtained from the different curves from
literature. From the study, the following conclusions may be drawn:


SPS curve approach (USACE, 1965) (maximum and minimum index rainfall) both
could be incorrect for the site, as the maximum index rainfall curve underestimates (up
to 32%) yielding unsafe design and the minimum index rainfall curve overestimates
(up to 25%) resulting in uneconomic design. This could be because of two reasons:
firstly, the US Army Corps. targeted the conservative designs for speed of execution;
secondly, the index rainfall for the site has not been identified for application of the
SPS time distribution, thus the minimum curve overestimates and the maximum curve
underestimates. The document (USACE, 1965) was prepared for USA and the index
rainfall for the different regions of that country were indicated, and not for India.



TR55 Curve Type III (NRCS, 1986), applicable for the tropical rainstorms,
overestimates over the entire range up to 24-hour continuous rainfall except for 1-hour
rainfall when it is underestimated. Adoption of the TR 55 Curve Type III would be safe
except for time of concentration of 1 hour, wherein it would be slightly unsafe. This
indicates that the tropical storms experienced in USA, for which the curve had been
developed, were more severe when compared to the ones in India, as overestimation
for shorter duration rainfall (up to 6 hours) is more. As the typical time distribution
13
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patterns were developed for USA, they fail to capture the tropical rainstorm
characteristics of the Indian site adequately, resulting in these deviations.


Flood Estimation Report by CWC-IMD-MoST (1992) provided time distribution curves
for rainstorms of different durations. When compared to the maximum n–hour rainfall
for storms of various durations from the site, it was observed that, in general, the curves
underestimated the n–hour fraction of rainfall with respect to the total rainfall in the
particular storm. Only in around 6% of the cases, the curves resulted in conservative
estimates. The underestimation was observed to be higher for the smaller duration of
continuous rainfall hours, and gradually reduced to zero when the total storm was
considered. Thus adoption of these curves for the site would evidently result in unsafe
design.



Curve for 24-hour rainstorms from PMP Atlas (IMD-CWC, 2015) for west flowing river
basins, catchment area no. 102 underestimates the rainfall for the entire range up to
24 hours and would result in unsafe design for this site. Curve for 12-hour rainstorms
for west flowing river basins, catchment area no.102 (IMD-CWC, 2015)
underestimates up to the middle of the storm duration (6 hours) and overestimates
beyond that period up to 12 hours.



The deviations observed in the site data from the rainfall time distribution curves
developed and published for this region or zone in India could be due to the temporal,
areal and ensemble averaging adopted for development of the CWC-IMD-MoST
curves (1992) or IMD-CWC curves (2015), which are provided for application to a
region. In this study, the comparison has been made with the maximum observed
values for the n-hour continuous rainfall, and hence could have resulted in the
deviations. It may be mentioned that this finding is similar to studies reported for other
countries, where researchers Guo and Hargadin (2009) concluded that the site specific
(Denver) rainfall extracts yielded different, and often higher values of rainfall when
compared to generalised time distribution curves developed for the region (SCS
Curves for USA: USACE, 1965).

As indicated in literature Guo and Hargadin (2009), it would be advisable to use site
specific time distribution curves for discretization of 24-hour extreme rainfall for hydraulic
design of important structures because the curves in literature could often result in unsafe or
uneconomic designs. It is therefore necessary to develop site specific time distribution curves
for safe and economic design of important hydraulic structures.
Acknowledgements: The authors express their sincere gratitude to the ESL, Tarapur for sharing the
data used in this study. There is no known conflict of interest in this work. This research was not
supported by any funding organisation.

REFERENCES
Central Water Commission, Indian Meteorological Department and Ministry of Surface Transport (1992)
Flood Estimation Report for West Coast Region Konkan and Malabar Coasts Sub zones – 5a
& 5b, Report No. K&M/19/1992, Central Water Commission, Research Designs and Standards
Organisation, and Indian Meteorological Department and Ministry of Surface Transport, India.
Dauji, S., Srivastava, P. K. and Bhargava, K. (2018) Variation in ratio of maximum 1-hourly to 24-hourly
rainfall at western coastal site in India. Disaster Advances, v. 11(11), pp. 10 – 17.
Guo, J. C. and Hargadin, K. (2009) Conservative Design Rainfall Distribution, Journal of Hydrologic
Engineering, v. 14 (5), pp. 528 – 530.
Gupta, A., Dauji, S., Srivastava, P. K., and Bhargava, K. (2018) Extreme Value Analysis by Graphical
and Lieblein Techniques for Rainfall on Western Coast of India. IWRA (India) Journal, v. 7(2),
pp. 38 – 45.

14

Accuracy of rainfall time distribution curves in literature for a coastal site near Mumbai, India: Harshanth R. et al.

Indian Meteorological Department, and Central Water Commission (2015) PMP Atlas for West Flowing
Rivers of Western Ghats, Volume 1, Indian Meteorological Department–Central Water
Commission, India.
National Resources Conservation Service (1986) Technical Release TR-55: Urban hydrology for small
watersheds, U.S. Department of Agriculture, National Resources Conservation Service,
Conservation Engineering Division.
U.S Army Corps of Engineers (1965) EM 1110-2-1411: Standard Project flood Determination,
Department of Army, U.S Army Corps of Engineers, Washington DC, USA.

(Received: 15.02.2020; Accepted: 07.01.2021)

15

