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Abstract- Changes in the hydrologic cycle due to increase in greenhouse gases cause variations in intensity, duration, and
frequency of precipitation events. Quantifying the potential effects of climate change and adapting to them is one way to
reduce urban vulnerability. Since rainfall characteristics are often used to design water structures, reviewing and updating
rainfall characteristics (i.e., Intensity—Duration—Frequency (IDF) curves) for future climate scenarios is necessary. The present
study regards the evaluation of the IDF curves for Four raingauge stations of Bangalore rural : Anugondanahalli, Devanahally,
Doddabalapura and Hoskote. Starting from daily rainfall observed data, to define the IDF curves and the extreme values in a
smaller time window (2, 5, 10, 15, 30, 60, 120, 720, 1440 minutes), disaggregation techniques of the collected data have been
used, in order to generate a synthetic sequence of rainfall, with statistical properties similar to the recorded data. Then, the
rainfall pattern of the Four raingauge stations was analyzed and IDF curves were evaluated.

Key words: Gumbel Distribution, Intensity Duration Frequency (IDF), Log Normal Distribution, Normal Distribution, Pearson
Type Il Distribution, Log Pearson Type Il Distribution Rainfall Duration, Return Period, Rainfall Intensity.

. INTRODUCTION

Degradation of water quality, property damage and potential
loss of life due to flooding is caused by extreme rainfall
events. Historic rainfall event statistics (in terms of intensity,
duration, and return period) are used to design flood
protection structures, and many other civil engineering
structures involving hydrologic flows. Since rainfall
characteristics are often used to design water structures,
reviewing and updating rainfall characteristics (i.e.,
Intensity—Duration—Frequency (IDF) curves) for future
climate scenarios is necessary. A lot of studies, especially
recently, have been developed to analyze the factors for
assessment, adaptation and mitigation of climate change, and
to enhance and sharpen the disaster management for the
many and various stakeholders.

IDF  stands for Intensity-Duration-Frequency. Rainfall
intensity is defined as the ratio of the total amount of rain
(rainfall depth) falling during a given period to the duration
of the period It is expressed in depth units per unit time,
usually as mm per hour . The period of time over which
rainfall is measured is called duration. The number of times,
during a specified period of years, that precipitation of a
certain magnitude or greater occurs or will occur at a station
is called frequency. (FAO, 2012).
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The relation between rainfall and runoff is influenced by
various storm and basin characteristics. Because of these
complexities and the frequent paucity of adequate runoff
data, many approximate formulae have been developed to
relate rainfall and runoff. The earliest of these formulae were
usually empirical statements.

Section | contains the IDF information, Section Il contain
the Study Area and methodology adopted, Section Il
contain the result and discussions, Section IV concludes
research work with future directions.

Il. MATERIALS AND METHODS

A. Study Area

The Study Area is located between Latitude 12°57'40.47" N
to 13°29'30.3” N and 77°10'30.3" E to 77°57'22.9" E
Longitude. The average mean daily temperature varies from
14 to 35°C respectively. Four Raingauges Stations were
considered as shown in Figure 1.
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LOCATION MAP OF STUDY AREA
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Figure 1 Location Map of Study Area

B. Methodology

Figure 2 Methodology adopted for IDF curves
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Ill. RESULTS AND DISCUSSIONS

A. Estimation of Short Duration Rainfall

Indian Meteorological Department (IMD) use an empirical
reduction formula (Equation A ) for estimation of various
duration like 1-hr, 2-hr, 3-hr, 5-hr, 8-hr rainfall values
from annual maximum values. Chowdhury et al. (2007),
used IMD empirical reduction formula to estimate the
short duration rainfall from daily rainfall data in Sylhet
city and found that this formula give the best estimation of
short duration rainfall. (Rashid et al, 2012)
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R =P, (;_4)3
(equation A)

where, P; is the required rainfall depth in mm at t-hr
duration,

P,4 is the daily rainfall in mmand t is the duration of

rainfall for which the rainfall depth is required in hr.
Short duration rainfall by using IMD empirical formula for
For various stations is tabulated in Table 1 to Table 4.

Table 1 Short duration rainfall for Anugondanahalli

Year Rainfall T L ] o
(mm) P, =Py, (Z)3 in mm where, time t is in hours
Duration in 5 10 15 30 60 120 720 1440
Minutes
1998 128.80 19.50 24.57 28.13 35.44 44.65 56.26 102.23 128.80
1999 42.00 6.36 8.01 9.17 11.56 14.56 18.35 33.34 42.00
2000 103.40 15.66 19.73 22.58 28.45 35.85 45.16 82.07 103.40
2001 56.40 8.54 10.76 12.32 15.52 19.55 24.63 44.76 56.40
2002 75.20 11.39 14.35 16.42 20.69 26.07 32.85 59.69 75.20
2003 45.40 6.87 8.66 9.92 12.49 15.74 19.83 36.03 45.40
2004 120.80 18.29 23.05 26.38 33.24 41.88 52.76 95.88 120.80
2005 140.00 21.20 26.71 30.58 38.52 48.54 61.15 111.12 140.00
2006 64.00 9.69 12.21 13.98 17.61 22.19 27.95 50.80 64.00
2007 84.00 12.72 16.03 18.35 23.11 29.12 36.69 66.67 84.00
2008 85.20 12.90 16.25 18.61 23.44 29.54 37.21 67.62 85.20
2009 142.00 21.50 27.09 31.01 39.07 49.23 62.02 112.71 142.00
2010 142.00 21.50 27.09 31.01 39.07 49.23 62.02 112.71 142.00
2011 100.80 15.26 19.23 22.01 27.74 34.95 44.03 80.01 100.80
2012 98.40 14.90 18.77 21.49 27.08 34.11 42.98 78.10 98.40
2013 65.40 9.90 12.48 14.28 18.00 22.67 28.57 51.91 65.40
2014 85.10 12.89 16.24 18.59 23.42 29.50 37.17 67.54 85.10
2015 69.10 10.46 13.18 15.09 19.01 23.96 30.18 54.84 69.10
2016 102.60 15.54 19.57 22.41 28.23 35.57 44.81 81.43 102.60
Table 2 Short duration rainfall for Devanahalli
Year Rainfall N L ] o
(mm) P, =Py, (Z)3 in mm where, time t is in hours
Duration in 5 10 15 30 60 120 720 1440
Minutes

1998 146.80 22.23 28.01 32.06 40.39 50.89 64.12 116.52 146.80
1999 78.60 11.90 15.00 17.17 21.63 27.25 34.33 62.38 78.60
2000 70.00 10.60 13.36 15.29 19.26 24.27 30.58 55.56 70.00
2001 92.00 13.93 17.55 20.09 25.31 31.89 40.18 73.02 92.00
2002 46.00 6.97 8.78 10.05 12.66 15.95 20.09 36.51 46.00
2003 54.00 8.18 10.30 11.79 14.86 18.72 23.59 42.86 54.00
2004 46.00 6.97 8.78 10.05 12.66 15.95 20.09 36.51 46.00
2005 118.00 17.87 22.51 25.77 32.47 40.91 51.54 93.66 118.00
2006 57.00 8.63 10.87 12.45 15.68 19.76 24.90 45.24 57.00
2007 132.40 20.05 25.26 28.92 36.43 45.90 57.83 105.09 132.40
2008 73.00 11.05 13.93 15.94 20.09 25.31 31.89 57.94 73.00
2009 64.00 9.69 12.21 13.98 17.61 22.19 27.95 50.80 64.00
2010 56.00 8.48 10.68 12.23 15.41 19.41 24.46 44.45 56.00
2011 88.00 13.33 16.79 19.22 24.21 30.51 38.44 69.85 88.00
2012 71.00 10.75 13.55 15.51 19.54 24.61 31.01 56.35 71.00
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2013 89.00 13.48 16.98 19.44 24.49 30.85 38.87 70.64 89.00
2014 73.00 11.05 13.93 15.94 20.09 25.31 31.89 57.94 73.00
2015 76.00 11.51 14.50 16.60 20.91 26.35 33.20 60.32 76.00
2016 84.00 12.72 16.03 18.35 23.11 29.12 36.69 66.67 84.00

Table 3 Short duration rainfall for Doddabalapura

Year Rainfall z

(mm) P =Py (i)3 in mm where, time t is in hours
Duration in Minutes 5 10 15 30 60 120 720 1440
1998 85.00 12.87 16.22 18.56 23.39 29.47 37.13 67.46 85.00
1999 112.00 16.96 21.37 24.46 30.82 38.83 48.92 88.89 112.00
2000 168.00 25.44 32.05 36.69 46.23 58.24 73.38 133.34 168.00
2001 68.60 10.39 13.09 14.98 18.88 23.78 29.96 54.45 68.60
2002 96.80 14.66 18.47 21.14 26.64 33.56 42.28 76.83 96.80
2003 32.00 4.85 6.11 6.99 8.81 11.09 13.98 25.40 32.00
2004 64.00 9.69 12.21 13.98 17.61 22.19 27.95 50.80 64.00
2005 66.00 9.99 12.59 14.41 18.16 22.88 28.83 52.38 66.00
2006 49.00 7.42 9.35 10.70 13.48 16.99 21.40 38.89 49.00
2007 44.00 6.66 8.39 9.61 12.11 15.25 19.22 34.92 44.00
2008 86.00 13.02 16.41 18.78 23.66 29.81 37.56 68.26 86.00
2009 78.40 11.87 14.96 17.12 21.57 27.18 34.24 62.23 78.40
2010 115.00 17.41 21.94 25.12 31.64 39.87 50.23 91.28 115.00
2011 81.00 12.27 15.45 17.69 22.29 28.08 35.38 64.29 81.00
2012 87.20 13.20 16.64 19.04 23.99 30.23 38.09 69.21 87.20
2013 81.00 12.27 15.45 17.69 22.29 28.08 35.38 64.29 81.00
2014 120.00 18.17 22.89 26.21 33.02 41.60 52.41 95.24 120.00
2015 48.00 7.27 9.16 10.48 13.21 16.64 20.97 38.10 48.00
2016 91.00 13.78 17.36 19.87 25.04 31.55 39.75 72.23 91.00
Table 4 Short duration rainfall for Hoskote
Year Rainfall N . .
(mm) P.=P,, (5)3 in mm where, time t is in hours

Duration in Minutes 5 10 15 30 60 120 720 1440
1998 135.00 20.44 25.76 29.48 37.15 46.80 58.97 107.15 135.00
1999 180.00 27.26 34.34 39.31 49.53 62.40 78.62 142.87 180.00
2000 91.40 13.84 17.44 19.96 25.15 31.69 39.92 72.54 91.40
2001 65.00 9.84 12.40 14.20 17.89 22.53 28.39 51.59 65.00
2002 84.00 12.72 16.03 18.35 23.11 29.12 36.69 66.67 84.00
2003 79.20 11.99 15.11 17.30 21.79 27.46 34.59 62.86 79.20
2004 160.20 24.26 30.56 34.99 44.08 55.54 69.97 127.15 160.20
2005 68.00 10.30 12.97 14.85 18.71 23.57 29.70 53.97 68.00
2006 69.00 10.45 13.16 15.07 18.99 23.92 30.14 54.77 69.00
2007 87.20 13.20 16.64 19.04 23.99 30.23 38.09 69.21 87.20
2008 86.60 13.11 16.52 18.91 23.83 30.02 37.83 68.73 86.60
2009 91.00 13.78 17.36 19.87 25.04 31.55 39.75 72.23 91.00
2010 100.20 15.17 19.12 21.88 27.57 34.74 43.77 79.53 100.20
2011 43.60 6.60 8.32 9.52 12.00 15.12 19.04 34.61 43.60
2012 97.40 14.75 18.58 21.27 26.80 33.77 42.54 77.31 97.40
2013 60.20 9.12 11.49 13.15 16.56 20.87 26.29 47.78 60.20
2014 63.80 9.66 12.17 13.93 17.56 22.12 27.87 50.64 63.80
2015 52.60 7.97 10.04 11.49 14.47 18.24 22.98 41.75 52.60
2016 84.60 12.81 16.14 18.48 23.28 29.33 36.95 67.15 84.60
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Table 5 Estimation of maximmum reinfall intensity for various refurn period by Normal Distribution For Anngondanahalli Reingauge Station
Crurztion | Retnrm peried ? 3. | Retorn peried 5y | Refam period 10y | Befurn period 15 yp3. | Refurn period 50 yr3 | Refurn peried 75 yr, | Reurmn period 100 yrs.
."J’ Fainfall | Rainfall | Fainfall | Fainfall | RainfEll | Rainfsll | PRainfsll | Rainfill | Rainfdll | Rainfsll | PRainfEll | Rainfall | Fainfsll | FainfEl
SN | Depthmen)| Intansity | Deptbimm) | Intansity | Depthmen) | Intensity | Depthmm) | Intemsity | Depthimem) | Itensity | Depthimm) | Intensity | Dapthimm) | Intemsity
{mmbg) {mm/bg) {mmDs) {mmby) {mmbg) {mm/by) {mmbg)
5 17.29 M7.42 17.75 11302 17.59 21462 [ 17.9%6 11587 17.93 11551 17.599 21501 | 15.00 1505
10 11.78 L3.67 | 2237 13410 | 1253 13521 | 2243 13577 | 22.66 13508 | 2267 136.01 | 22.47 136.04
15 1493 .72 15 60 102.41 15 80 103.18 [ 2590 103.61 1504 103.7% | 2505 103.80 | 2595 103.52
I 3141 §2.82 32126 fid 51 3250 s 00 3264 f5 27 32 .68 f5 16 3269 fi5 30 3170 5 40
&0 o 57 o 57 40.64 40.64 40.95 4085 4112 41.12 4117 4117 41.19 4119 41.70 41.20
L3 | 49.86 2493 51.20 1560 5150 15 50 £1.51 25 90 &£1.58 1504 5190 1505 £1.91 1595
| %60 7.58 03.04 7.78 03,78 7.81 04.14 7.84 14.26 7.346 04.31 7.56 04.33 7.56
1440 | 11415 476 117.23 458 115.11 49 115.41 44 115.77 408 115.52 405 11554 408
Tahble 6 Evtimation of mavimum rainfall imtensity for varions reurn peried by Normal Distribution For Devanaballi Rainzauze station
Duration | Return peried 2 yrs | Return period & yry | Eefurn period 10 yp | Return period 25 yry | Return period 30 yr3. | Return peried 75y | Retum  period 100
i B
Depthimm) | Intansity | Depth{mm) | Intansity | Depthimm) | Intensity | Depthimm) ( Intensity | Depth{mm) | Intmnsity | Depthimm) | Intansity | Depthimm) | Intemsity
(mmE) (mmBy) {mm/By) (mmB) {mm/By) {mm By (mm/By)
5 14.95 179.41 |1838 184.24 | 1847 1§5.43 | 158.8 186.40 | 1555 156.65 | 15.56 136.74 | 15.56 156.73
10 15.54 11302 |19 116.06 | 19.49 116.94 | 10.57 11743 | 19.460 11758 | 19.41 117.64 | 1961 117.66
15 1156 §6.28 114 §8.57 1111 U 1240 §9.61 1141 §9.73 14 8877 1148 0.79
k] .17 MY 17.90 55,50 25.11 56.22 25.21 50.45 25.26 56.51 28.25 50,58 25.28 50.57
60 1423 3413 15 15 35 15 15 42 15 42 35 56 35 56 15 61 35 61 35 63 15 63 15 63 35 63
120 4313 11.56 4420 N 44.62 1 44 81 1240 44 87 1243 44 80 44 44.90 11 45
T 78.37 6.5 80.47 §.71 81.08 6.76 §1.42 §.78 §1.53 6.70 §1.56 6.80 §1.53 6.50
1440 | 9572 i1l 101.39 411 102.16 126 102 .58 427 102.72 428 102.76 418 102.79 428
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Table 7 Estimation of maximum rainfall intensity for various refurn period by Normal Distribution For Doddabalapura Raingauge Station
Dration | Return period 2 yry | Return period 5 yr3 | Keturn perod 10 yr3 | Refurn period 25 yp. | Return period 50 yp3 | Return period 7% ypy | Return period 100 yry
.in Fainfall | Rainfsll | Rainfsll | Ranfsll | Fanfsll | Fanfll | Rainfsll | Bainfsll | PFainfsll | Ranfall | EBainfsll | Bainfll | Rainfsll | Panfall
MBS | Depthfmm) | Intensity | Deptbimm) | Intensity | Dapth{mm) | Intensity | Dapth{mm) | Intensity | Depthimm) | Intensity | Dapthimm) | Intensity | Depthmm) | Intensity
(mm By (mmbg) {mm/By) {mm/Bg) (mm'bg) {mm/Bg) (mmbg)
5 15,86 100,32 | 16.32 10550 | 16.46 19750 | 16.53 108.30 | 16.56 105.68 | 16.56 198.77 | 16.587 10§52
| 1908 11950 [ 20.57 123141 [ 2074 12447 | 20.83 12498 | 2086 12516 | 20.57 12522 | 20.87 125,25
15 1187 0150 1154 04.1% 11 04,05 118 05,38 11 5% 05,51 1159 05,56 110 03,55
Jie 15,52 5764 2066 5.1 1091 5051 30.04 0. 08 30,09 60.17 30.10 60.20 3011 60.21
R 36.31 1y 1y 37.68 37,68 17 85 1785 1791 1791 174 1792 1793 1793
120 | 45.75 1187 47.09 115 4747 RN L 47.69 1184 47.76 11 5% 47.78 1150 4770 1190
T2 3313 6.93 §5.56 1.1 §6.26 118 §6.66 1.1 §6.78 1.1 §6.52 1.4 §6.34 T4
1440 | 104.74 136 107,50 449 105.69 4.5 109.18 455 100,34 4 56 108,39 456 109.42 456
Table § Estimation of maximum rainfall intensity for various refurn period by Normal Dismbution For Hoskofe Rainrauge Station
Drurztion | Remurn period 2 yry | Return period 5y, | Ketum period 10 yp. | Return period 25 yry | Return period 50 yys | Return period 75 yrs | Return period 100
B 1L
Depth{mm) | Intemsity | Depth{mm) | Intansity | Depibimm) | Intensity | Depth{mm) | ntensity | Depihimm) | Intensity | Depthmm) | ntemsity | Depthimm)  Intemsity
(mmb) {mmbg) (mmby) (mmhs) {mmby) (mmhy) (mmby)
5 1721 20650 | 17.72 165 | 1787 11447 | 1785 11541 | 1793 873 | 17w 58 | 17W 11559
I 2165 13000 | 2.1 11396 | 2251 13508 | 22.62 13570 | 2265 13590 | 2266 13597 | 22.47 136.00
15 1452 00 18 15 56 102023 | 1877 10308 | 2550 10356 | 2593 10371 | 2504 103.76 | 25.95 103.7%
Ji 1127 6254 | 32N 6440 | 247 6404 | 3142 6524 | 31467 65,33 31 6 6537 | 3160 65,38
ol | 1040 040 | 40.57 1057 | 4091 4091 | 4L10 4110 | 4116 4116 | 4118 41.1% i1.19 4119
b | 4044 14.51 5112 155 | ALY 1577 | 5LTE 1580 | AL36 1503 5158 1304 | 5LED 1505
T 90.20 7.5 L 1.4 01.66 .80 04.00 184 04,23 7.85 04.27 1.56 0430 1.56
I 11364 .74 117.03 458 115.00 .91 11§.55 194 11§.72 495 11§.73 405 115.51 405
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Table 9 Estimation of maximum rainfall intensity for various return period by Loz Normal Distribution For Annzondanahalli Rainzause Station
Duratin | Return peried 2 yrs | Refurn period & yr3, | Bemm period 10 yrx | Return period 25 yrs | Refurn period 50 yry | Return peried 7% yry | Beom  peried 100
in B
Depthimm) | Intensity | Depthimm) | Intansity | Depth{mm) | Intamsity | Depth{mm) | Intensity | Depthimm) | Intenzity | Depthimm) | Intenzity | Depthimen) | Intensity
(o ) (e ) (mm ) (mm ) (mm ) e ) (mm )
5 16.63 190.61 [ 17.18 06.19 | 17.4 205.13 | 17.43 9.2 | 17.46 0057 (1747 20065 | 17.48 20874
10 20.06 12574 | 1168 119.5% | 2188 131111 | 2197 11150 | 22.00 132.02 | 2102 13209 | 1102 132.13
15 1100 DE06 [ 24.78 00.12 1501 100.06 | 2515 100.55 | 2519 100.75 | 25.20 100.50 | 2521 10:0.53
i) 30.13 60.45 | 3L1] §1.45 | J1.582 63.03 11.6% §3.16 11.73 63.47 | 3L7% 63.50 | 3L78 63.52
60 35.08 15.08 0.4 034 | 3071 30.71 302 30.02 30,08 30.0§ 40.00 40.00 | 40.02 40.02
B 4793 1390 | 4058 1478 5003 1501 5029 1515 50.37 1519 | 5040 151 | 5042 1511
a0 §7.19 1.27 00.06 1.51 00.01 7.58 01.18 1.62 0154 7.6 0150 7.63 0161 7.6
10| 109.58 4.58 111.47 4.73 114.84 177 115.14 4.50 115.13 431 115.3% 4.51 115.42 431
Table 10 Extimation of maximmm rainfall intensity for various refurn peried by Log Normel Distribution For Devanahalli Raingange station
Drurstion | Return peried 1 ¥y | Remrn period & yrs | Refurm period 10 ¥ | Return pericd 25 yrs | Retorn peried 50 yrs | Return peried 75 yry | Refurn  peried 1040
! pi
Depthfmm) | Intemsity | Depthime) | Inteveity | Depth{mm) | Intensity | Depthimm) | Intanzity | Depthimm) | Intensity | Depthimm) | Intensity | Depthimm) | Intanzity
(e by (o ) i by (mmhy) immby) {mm k) (mm by)
] 14.3% 172.68 | 14.56 173.37 | 15.00 150.04 | 15.03 150.97 | 1511 181.28 | 1511 15138 | 1812 151.43
10 15.13 108.78 | 18.73 111.36 | 15.90 113.42 | 19.00 114.01 | 19.03 11420 | 10.04 114.26 | 19.05 114.20
15 20.75 §3.02 1.4 575 | 21ad B6.55 | 2175 87.00 1179 §7.15 | 2050 §7.20 | 2181 7.1
30 26.15 8130 | 27.01 502 17.16 8482 27.40 5481 17.45 M0 | 2747 54.93 27.47 5405
60 1194 18 03 14.03 1415 1435 | 48 1453 1450 458 | 1460 1460 | 34.6] 14.61
B 4151 0.7 | 42587 144 | 4325 1164 | 4350 1175 131 57 117 | 4360 1150 | 43.61 1151
| TR42 6.29 77.91 6.49 75.64 658 79.05 6.50 7913 6.60 .12 6. 60 79.25 6.60
I | 050 .06 05.16 .09 0903 413 00.50 415 00.76 416 09.52 416 0054 116
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Table 11 Estimation of maximum rainfall intensity for various return period by Loz Normal Distribution For Doddabalapurs Raingange Station
Drrztion | Return peried 2 yrx | Remrs peried &y | Refurn period 10 yrs | Return period 25 x| Retum period 50 yr3. | Befurm peried 75 3 Remumn period 100
in
Depth{mm) | Intensity | Depthimen) | Intansity | Depthimm) | Intnsity | Depthimm) | Intnsity | Depth{mm) | Intensity | Dapthimm) | Intsnsity | Dapth{mm) | Intansity
{mm by) {mmby) {mm by {mmby) {mmby) {mm/by) {mm/by)
5 1512 181 46 | 1567 158.08 1554 190.02 1593 191.12 | 1504 191 47 | 1587 19180 | 1509 191 64
10 1905 11431 1975 115 45 1085 119.71 20,07 120,40 | 20.10 120.62 | 20.12 120069 | 20.12 120,73
15 1131 §7.24 12 60 00412 1284 0138 1297 91 38 130 9208 13.03 82.11 13.03 8213
k] 17 48 54 06 15.4% 5604 3.7 5758 15.04 5788 15.09 57.00 19.01 £5.02 19.02 55.04
1] 3462 3462 35 88 35 88 36.25 36.25 16.46 16.46 36.53 3653 16.55 16.55 16.56 1656
120 43.42 1131 48121 12.60 45 68 18 4504 nw 46.02 1301 46.08 13.02 46.07 13,03
T . 1 8115 .55 53.00 .02 53.48 i 04 §3.63 807 83.63 .87 §3.71 .05
1440 | 0 Bd 4.16 103.50 4.31 104.57 4 36 105,18 4 18 10537 438 10543 4.30 10547 4.30
Table 12 Estimation of maximum rainfall intensity for various return period by Loz Normal Distribution For Hoskote Rainsause Station
Drugation | Refurn period 2 yr3. | Return period & yrn | Remm period 10 33 | Return period 25 yr | Refurn period 50 yr3 | Return period 75 yrs | Refurm peried 100
in ¥
Depthimm) | Intensity | Dapth{mm) | Intanzity | Depthimm) | Intensity | Depth{mm) | Intansity | Depthimm) | Intensity | Depth{mm) | Intansity | Depth{mm) | Intansity
{mmbe) (k) (mmby) {mmhy) {mmhy) {mmhy) {mmhy)
5 16.37 196.47 | 16.9% 0377 | 17.16 591 | 1726 W74 [ 17.29 W75 | 1730 0766 | 17.31 7.7
10 20.63 17377 | 2140 12837 | 21.42 17973 | 2175 130.4% | 21.79 130.74 | 2150 130.52 | 21.51 130.36
18 21.61 0445 24,49 07.96 475 0000 1490 00 53 2494 .77 14.%6 033 497 o0 56
30 .75 5050 3056 61.71 1113 61.17 11.17 62.73 11.43 6285 11.4 62.59 11.45 62.91
60 17.43 1748 1558 3553 .10 30.19 39 52 39 52 30 50 10 50 1062 3062 3063 1063
110 4711 1161 45.95 1448 49.50 14.75 18.70 14.90 49 58 44 4892 1496 49.93 1497
720 §5.81 T.15 8901 741 095 T.50 0043 .54 0065 T.55 00.70 7.56 80.73 7.56
I 10312 450 112.14 4.47 11333 471 111.99 4.7% 114.21 476 114.28 4.76 114.31 .76
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Table 13 Evtimation of mavimmm rainfall imtensity for various return peried by Gumhble’s Distribution For Asnsondanahalli Raingauge Station
Drerztion | Refurm period 2 s | Return period 5 yry | Remm period 10 yrs | Befurn period 25 yry | Return period 50y | Befurn peried 75 ¥y | Beorn  peried 100
in ¥
Diepthimm) | Intenzity | Depth{mm) | Intensity | Depthimm) | Intensity | Dapth{mm) | Intenzity | Depth{mm)| ntensity | Depthimm) | Intensity | Depth{mm) ( Intensity
{mm k) {mm kg {mm k) imm k) imm k) imm k) immby)
5 11.16 15792 | 1744 eI | 124 14781 | 1331 T8 T | 1446 11746 | 2709 13591 | 19.08 14597
10 16.58 0 48 1197 13184 | 2851 15304 | 2000 17080 | 13113 1o000 | 3827 1161 | 3664 LT
15 15.98 7500 1515 162 | 29.20 116.7¢ | 4.4 137.36 | 1515 152.62 | 40.37 16149 | 4194 167.77
30 1101 47.53 11.68 63.38 35,79 73.57 43.17 §6.53 45.07 .14 5057 10L.73 | 5184 105,60
[i1] .13 10.13 19,93 19,03 46,15 46.15 8451 84 51 .57 0,57 fid. 09 fid. 09 fifh. 55 . 58
120 37.04 15.08 5.1 15158 8539 .20 fif. &8 1434 Th.31 13.15 8074 40.17 8158 41.04
T fig. 08 875 01.42 7.62 104.11 LT 124 30 10.40 11866 11.54 144.72 12.23 152.43 12.70
1440 | 3690 1.42 11518 4 50 113160 557 157.24 .55 174.71 7.18 15434 7.70 18205 500
Table 14 Estimation of maxinmm rainfall intensity for varions refurn period by Gumhble’s Distribution For Devanahalli Eaingange Station
[Crgztion | Refurn period 2 yrs | Refurn period 5 yr3 | Refom period 10 yry | Refurn period 25 yrs | Returm pericd 50 yrx | Remm peried 75y | Fefom  peried 100
in
Diepthimm) | Intensity | Dapthi{mm) | Intenzity | Depthi{mm) | Intensity | Depthimm) | Intensity | Depthimm) | Intensity | Depthimm) | Intensity | Diepthimm) | Intensity
i k) (men br) (mm ) (mm ) (mm ) {mm B {mm k)
5 1119 136.66 | 1509 131.02 | 17.81 007 | 20.5E 4702 | 1257 17442 | 40 036 | 2814 301463
10 14.35 B6. 00 19.01 114.04 | 22.046 13234 | 1504 15561 | 23.51 17085 | 3049 152.91 | JL&7 18002
15 16.43 5. 70 11.76 §7.03 1515 100,98 | 1040 115.7% | 32.0% 13193 | .00 13958 [ 1425 14501
30 2068 41.3% 1741 8482 3151 63.62 17.40 7451 41 56 5111 41,97 B7.04 45 GF 8115
&0 26.07 16.07 14.54 14.54 4.3 40. 15 47.13 47.13 §1.36 51.14 85.40 §5.40 87.55 §7.85
120 12 §5 146.43 4151 1176 50.50 1525 8035 1068 i 0 11 08 0. 79 1490 T1.50 36,25
TI0 5060 197 a7 f.50 B1.74 .65 107.59 5.00 119.57 050 1246.52 10.57 13175 10.93
1440 | 7811 113 .62 415 115.41 4 §2 11504 566 151.02 6.2 15070 fi. G 16890 .92
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Table 15 Estimation of mavinmm rainfall intensity for various refurn period by Gumble’s Distribution For Doddabalapura Raingauge Station
Drugatimn | Return period 2 yrpy | Returs peried 5 yp3, | Bemm period 10 yr3 | Retorm period 25 v | Befurn peried 50y | Return peried 75 yrs | Refurn peried 100
in n.
Depthimm) | Intamsity | Depthimm) | Intenzity | Depthimm) | Intemsity | Depth{mm) | Intansity | Depthimm)| Intensity | Dapth{mm) | Intansity | Depthimm) | Intansity
(mm by) {mmby) (mmby) {mm'by) (mmby) immbg) (mmby)
5 11.75 14096 | 16.01 192.15 | 15.51 15T | 1036 168.37 | 25.00 p0.02 | 24.53 11541 | 17.62 111 43
10 14.50 §8.80 | 20.1B 121.06 | 23.70 14219 | 25.1% 169.07 | 3150 150.00 | 33.43 200.50 | 34.50 20379
15 16.94 67.77 [ 2310 0n3e [ 2713 105.51 | 3226 129.02 [ 36.06 1444 |27 153.08 | 39.53 150.14
30 1115 4160 | 29.10 5520 | 4.18 68.36 | 40.64 §1.28 4543 0056 | 48.12 04.43 M.19 10015
&0 26.59 26.59 [ 16.66 16.66 | 43.06 4106 | 5120 5120 5.4 §7.24 | 60.78 60.75 | 63.13 63.11
L 1358 16.04 | 4619 110 | 8426 1 64.51 1126 L1 16.06 | ThA 3527 | TRET 10.53
T2 61.57 513 i1y T.00 0550 .11 117.12 0.77 13105 10.92 13903 1150 | 14477 12.06
1440 | 7757 113 105.76 4.41 114.12 5.18 147.69 615 165.11 6.38 175.13 7.30 152.40 7.60
Table 16 Estimation of maximum rainfall intensity for various return peried by Gumhble’s Distribution For Hoskote Raingauge Station
Drurztion | Remurn period 2 yr3 | Return period & yry | Refurn period 10 33 | Rerurn period 25 yrs | Retum peried 50 yry | Remurn period 75 yp | Rerurn period 100
n i
Depthimm) | Intensity | Depthimm) | Intensity | Depthimm) | Intensity | Depthimm) | Intenzity | Depthimon) | Intensity | Depthim) | Intensite | Depthimm) | Intensity
(mm ) (mm ) (mm ) (mm ) {mm ) () {mmb)
5 1267 15203 | 17.38 208.55 | 20.46 MEET | 430 07165 | 27.30 11757 (2500 MTET | 3019 16214
10 1504 0877 | 210 13135 | 2578 158470 | 30.73 184.36 | 34.30 106.36 | 34.52 11815 | 35.03 5.1
15 15.27 T | 2507 100.26 | 20.51 115.06 | 3517 140.68 | 30.37 15748 | 4181 167.24 | 4184 174.15
Eli] nm 46.04 | 3158 61.16 | 37.19 43T |43 §8.62 49 60 0021 | 5168 10536 | 54.85 109.71
&0 10.00 000 3070 0.7 | 4685 46.35 | 5533 5583 62.50 6250 | 66.37 66.37 | 69.11 69.11
1 165 1§27 | 5013 1507 | 5003 051 | T0As 1517 | TR 1037 | §142 41581 | §7.07 4154
T 6640 551 KLY T.50 107.26 504 127.83 10.65 | 143.08 1192 | 151.9& 1266 | 155.22 1119
1440 | 51.66 140 114.77 4.78 13514 5.6 16105 6.71 150.27 7.51 191.44 7.08 199 .15 §.11
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Table 17 Estimation of maximum rainfall intensity for various return period by Pearson tvpe 111 Distribution For Annsondanshalli Station
Dusztim | Refurn peried 2 yr3. | Return period &y | Refurn period 10 yr3 | Refurn period 25 yrs | Return period 50 yrs | Refurn period 75 yry | Refurn period 100
n n
Depthimm) | Intensity | Depthime) | Intensity | Depth{mm) | Intansity | Depthimm) | Intansity | Depthimm)| Intansity | Depthimm) | Intensity | Dapthimm) | Intansity
{mmbr) {mmby) {mmhr) {mmbs) {mmhy) (mmbs) (mmb)
5 11.08 167.42 | 18.01 216.13 | 20.13 4150 | 130 268.71 [ 1138 256.25 [ 1817 0195 | 26.37 316.44
10 17.55 10547 | 22.69 136.16 | 2836 15219 | 2511 168.25 | 30.08 150.32 | 3171 190.24 | .12 199 35
15 20.12 §0.4% | 2508 103.91 | 2004 116.14 | 3230 12019 | 34.40 137.61 | 36.29 14515 | 35.03 15213
30 1815 .70 [ 3173 65.46 | 16.58 7317 | 40.69 §1.18 4115 §6.69 [ 45.73 0146 | 47.92 0554
&0 1% e 414 1.4 | 46.00 46.09 | 50L.17 5127 54.61 54.61 57.61 57.61 80.37 80.37
120 40.24 1.12 5195 15,98 2507 00 | 6459 1130 68.51 440 | TLER 16.20 | 76.04 35.03
N2 7113 6.09 04.40 187 105,52 5.79 117.37 0.78 12503 10.42 11190 1099 | 131 11.52
1440 | 9214 134 115.94 4.94 1312.95 554 147,38 6.16 157.51 6.56 166.1% §.92 174.15 1.26
Table 1§ Estimation of mavimum rainfall intensity for various refurn period by Pearson type I11 Distribution For Devanaballi Station
Dugatin | Reforn period 2 yrx | Return peried & yry | Refurm peried 10 3 | Return peried 25 yrs | Refurn pericd 50 yry | Return peried 75 yry | Refurn peried 100
i .
Depth{mm) | Intensity | Dapthimm) | Intensity | Depth{mm) | Intensity | Depth{mm) | Intensity | Depth{mm) | Intensity | Dapth{mm) | Intensity | Dapthimm) | Intansity
{mmhy) (mm b (mm b {mm b (mm ) (mm by {mm b
5 12007 144.87 | 1558 156.93 | 17.41 208.01 | 19.36 1.4 | 20.62 1747 | 2175 261.06 | 22.80 1M1
10 1511 0L | 19.63 117.76 | 21.93 11160 | 24.39 146.36 | 25.93 15500 | 2741 164.46 | 25.72 17.11
15 17.41 6065 [ 2247 8957 | 2511 100.43 | 27.92 111.70 | 20.74 115.97 | 31.38 12550 | 32.58 1311.51
30 1104 4188 | 2531 56.61 | 3163 63.27 | 3518 .36 | 3747 7405 | 3053 006 | 4142 8134
60 17.64 1764 | 3566 566 | 39.36 1086 (4433 4.1 47.11 4721 | 4031 4051 | 5119 5119
P R 1741 [ 44.03 147 [ 012 1511 [ 5535 17.01 50.40 .74 | 6175 11§ [ 6575 1.8
T2 63,28 517 §1.65 6.50 0128 7.60 101.43 §.46 103.09 0.01 114.03 0.50 119 43 0.04
1440 | 70.73 132 102.87 4.19 114.97 1.70 127.86 24 136.19 567 143.67 500 150.54 6.27
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Table 19 Estintation of mavinmm rainfall intensity for various refurn period by Pearson type I1I Distribution For Doddabalapura Station
Duration | Feturn period 2 yr3. | Feturn period & yr3. | Return period 10 yrs | Return period 2% yr | Return period 50 yr3 | Retum peried 75 yr3 | Retar period 100
in ¥B.
Depthimm) | Intensity | Depthimm) [ Intansity | Depth{mm) | Intentity | Depthimm) ( Intansity | Depth{mm) | Intensity | Depth{mm) | Intansity | Depthimm) | Intamsity
(mms) {mmby) {mmb) {mmb) {mmby) {mmby) {mmby)
5 128 150.44 | 16.53 199.00 | 13.70 12438 | 2095 15143 | 1241 268.90 | 21T 5450 | 140 209,01
10 1580 0477 | 2059 12536 | 2156 14135 | 26.40 153.39 | 25.23 168.40 | 29 53 170.2% | 1119 15836
15 15.08 1 1102 0567 | 26.97 107.87 | .12 12087 | 3012 12027 [ MM 136,82 | 1594 14375
30 1173 4556 | 3013 60.27 | 3393 67.95 | 3807 T6.15 10.72 L4 |40 §6.19 | 4528 .56
60 28.70 nm 3w 1797 | 4151 4151 1797 17.97 5130 5L | 530 S | 508 57.05
LI 16.16 15.08 47 83 1192 5193 16.97 | 60.44 30.12 64.64 11 12 fi8.41 4 | 7LE7 15 04
T 6571 543 §6.92 7.4 08.01 .17 109.32 0.15 117.45 070 124.31 10.36 | 130.60 1058
1440 | 5170 145 109 51 456 121 45 514 133 36 NI 147 98 6.17 156.61 6.5 164 55 6.86
Table 20 Estimation of maximum rainfall intensity for various return period by Pearson type III Distribution For Hoskote Raingauge Station
Drugation | Returm period 2 yrx | Return peried &y | Refurm period 10y | Reurn pericd 25y | Bemm peried 50 33 | Bemm period 75 33 | Refurn  peried 100
in
Depth{mm) | Intensity | Depthimm) | Intensity | Depthimm)) | Intensity | Depthimm) | Intansity | Depthimm)| Intansity | Dapth{mm) | Intnsity | Dapth{mm) | Intenzity
{mm /) {mmbg) {mm/bg) {mm/bg) {mm/bg) {mmbg) {mmbg)
5 1154 162.49 | 15.01 216.08 | 20.14 14400 | 2253 MM | 44 323 | 1558 0.8 | 27.20 316.45
10 17.06 102.36 | 22.69 136.12 | 25.63 153.77 | 28.76 17057 | 30.7% 184.72 | 3160 19563 | 3428 20565
15 19.53 75.12 1507 10388 | 0.4 11735 | 3192 13170 | 3824 14097 | 37.32 14020 | 304 156.94
EJi] 14.61 4811 1.7 6544 | 3694 73.92 i1 48 §2.96 44.40 §5.51 47.02 0405 | 4943 0557
60 1100 il [ 4123 113 16.57 4687 | 5126 5126 5804 504 | 5025 5915 | 6123 6223
L | 3006 19 53 5104 1507 | 5547 M | 6858 192 7048 1814 | 74468 17.32 75.47 3924
| 7097 5.01 04.38 7.57 104.62 5.58 119.65 0.97 125.08 10.67 | 13564 1L | 14250 11.58
1440 | 50.42 17 113.91 {05 134 13 560 150.76 §.28 161.37 6.72 170,90 712 179.65 740
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To identify a specific theoretical distribution for the available data it is important to do a test. The aim of the test is to find how good a
fit is between the observed and the predicted data. Chi-square is one of the most widely used tests to find the best fit theoretical
distribution of any specific dataset which is represented by Equation B.

n
X2 = Zi=1(oi_ Ei)Z/Ei

(B) where, O; and E; represent the observed and expected frequencies respectively. If the observed frequencies are close to the
corresponding expected frequencies, the 2 value will be small, indicating a good fit; otherwise it will be a poor fit. (Rashid et al,

2012)

NORMAL LOG-NORMAL GUMBELS PEARSON TYPE IlI
DISTRIBUTION DISTRIBUTION DISTRIBUTION
Bosted |, | Bosted | g | Beeied | o | Bgeed |
values values values values
17.84 0.85 17.29 0.64 22.60 3.31 21.41 2.60
22.47 1.07 21.78 0.81 28.47 4.17 26.98 3.27
25.72 1.22 24.93 0.93 32.59 4.77 30.88 3.75
32.41 1.54 31.41 1.17 41.06 6.01 38.91 4,72
40.84 1.94 39.58 1.47 51.74 7.57 49.02 5.95
51.45 2.44 49.87 1.86 65.18 9.54 61.76 7.50
93.49 4.43 90.61 3.37 118.44 17.34 112.23 13.62
117.79 5.59 114.16 4.25 149.23 21.84 141.40 17.16
NORMAL LOG-NORMAL GUMBELS PEARSON TYPE IlI
DISTRIBUTION DISTRIBUTION DISTRIBUTION
i- hi- hi- hi-
Bosted | g, | Bpetsd | o | Boead | | Bowed | o
values values values values
15.43 0.73 14.95 0.56 19.54 2.85 18.51 2.24
19.44 0.92 18.84 0.70 24.62 3.59 23.33 2.82
22.25 1.05 21.57 0.80 28.18 4.11 26.70 3.23
28.03 1.33 27.17 1.01 35.50 5.18 33.64 4.07
35.32 1.67 34.24 1.27 44.73 6.53 42.39 5.13
44.50 2.10 43.13 1.60 56.36 8.23 53.40 6.46
80.86 3.82 78.38 2.91 102.41 14.95 97.04 11.74
101.88 4.82 98.75 3.67 129.03 18.84 122.26 14.80

NORMAL

LOG-NORMAL

GUMBELS

PEARSON TYPE IlI

DISTRIBUTION DISTRIBUTION DISTRIBUTION
Bosted | o, | Bpeed | o | Beeed | | Boeed | o
values values values values
16.41 0.91 15.78 0.67 21.16 &5l 19.97 2.77
20.67 1.15 19.88 0.84 26.65 4.42 25.16 3.49
23.67 1.32 22.76 0.96 30.51 5.06 28.81 3.99
29.82 1.66 28.67 1.21 38.44 6.38 36.29 5.03
37.57 2.09 36.12 1.52 48.44 8.04 45.73 6.34
47.33 2.64 45.51 1.92 61.02 10.13 57.61 7.99
126
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86.01 4.79 82.70 3.49 110.89 18.41 104.69 14.51
108.36 6.04 104.20 4.40 139.71 23.19 131.90 18.28
NORMAL LOG-NORMAL GUMBELS PEARSON TYPE III
DISTRIBUTION DISTRIBUTION DISTRIBUTION
Chi- Chi- Chi- Chi-
vagﬁf;s L square vap;ﬁjcés g square Evﬂ;ﬁjcés d square B\;gleuc:se e square
values values values values
17.81 1.03 17.10 0.74 23.05 3.93 21.75 3.10
22.45 1.29 21.54 0.93 29.05 4.95 27.40 3.90
25.69 1.48 24.66 1.07 33.25 5.66 31.37 4.47
32.37 1.86 31.07 1.34 41.89 7.13 39.52 5.63
40.79 2.35 39.14 1.69 52.78 8.99 49.79 7.09
51.39 2.96 49.32 2.13 66.50 11.32 62.73 8.93
93.38 5.37 89.62 3.88 120.83 20.57 113.99 16.23
117.65 6.77 112.91 4.89 152.24 25.92 143.62 20.45
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IV. CONCLUS IONS

The present work shows a methodology for the evaluation of
the IDF curves from daily rainfall data. In particular, to obtain
durations shorter than 24 hours, Four different models of
disaggregation were applied to the historical data available for
Four raingauge stations of Bangalore rural : Anugondanahalli,
Devanahally, Doddabalapura and Hoskote. Among the various
available probability distribution functions Log_ Normal
distribution had the best approximation of rainfall intensity for
various return periods. These IDF equations will help to
estimate the rainfall intensity for any specific return period in a
short time and more easily. The results computed can be
utilized for developing surface drain network for recharging
ground water.
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