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Abstract- The estimation of rainfall intensity is
commonly required for the design of hydraulic and
water resources engineering control structures. The
intensity-duration-frequency (IDF) relationship is a
mathematical relationship between the rainfall
intensity, the duration and the return period. The
present study aimed the derivation of IDF curves of
Yermarus Raingauge Station of Raichur District with
19 years of rainfall data (1998 to 2016). The Normal
Distribution, Log Normal Distribution, Gumbel
distribution, Pearson Type Ill Distribution and Log
Pearsons Type |11 Distribution techniques are used to
Find the rainfall intensity values of 2, 5, 10, 15, 30, 60,
120, 720, 1440 minutes of rainfall duration with
different return period. Chi Square test was conducted
to find the goodness of fit the short duration IDF using
daily rainfall data are presented, which is input for
water resources projects.

Index terms- Gumbel Distribution, Intensity Duration
Frequency (IDF), Log Normal Distribution, Normal
Distribution, Pearson Type Ill Distribution, Log
Pearson Type Ill Distribution Rainfall Duration,
Return Period, Rainfall Intensity

I. INTRODUCTION

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 IDF-relationships give an idea about the
frequency or return period of a mean rainfall intensity
or rainfall volume that can be expected within a
certain period, i.e. the storm duration. In this sense
the storm duration is an artificial parameter that can
comprise any part of a rainfall event. Runoff occurs
when precipitation moves across the land surface,
some of which eventually reaches natural or artificial
streams and lakes. Runoff often transports
contaminants to these water bodies, reducing their
usefulness as a source of water (National Association
of RC and D Councils, 2001). 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.

The scope of this study was to predict rainfall depth
and intensity for Yermarus station using the data
from 1998 to 2016 by using Normal, Log Normal,
Pearson Type I11, Log Pearson Type Il and Gumbel
distribution. For the distribution giving the best
results, short duration IDF curves and equations were
derived for the station having maximum rainfall
depth for various short durations and standard return
periods,

Il MATERIALS AND METHODS

A Study Area

The Study area Yermarus Station of Raichur District,
Karnataka is located It is located 7 Km towards North
from District headquarters Raichur Karnataka. The
average mean daily temperature varies from 24 to
410C respectively.
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LOCATION MAP OF STUDY AREA

Fig 1 Location Map of Study Area
B Methodology

| Data collection — Diaily rzinfall data for stztions for the vears 1998 to 2016 |

+
| Estimation of hissme ramfall values by Momal Fato Method) Pr= 1M [P1 +P2 + . + Pm] |

|

| The maximum 24 hour raimfall data for each vesr was selected |

Maximum short duration ramfzll for various retum perieds are caleulated using Nommal, Log nermal and Gumbels
Distribution, Pearsons Type 11T, Log Pearsons Type 11T

Fr

| The rainfzll intensity [ is obtained from the equation { == |

b
| IDF empirical equation used m the study iz of the form i = == (t; )77 |

[ Least square limear regression was applied to fimd The parameters ® and v For the ramfell IDF empirical formula |

¥
| Dierivation of Short Duration Empirical Reduction Formula |

Fig 2 Methodology adopted for IDF curves
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111 RESULTS AND DISCUSSIONS

A Estimation of Short Duration Rainfall

Indian Meteorological Department (IMD) use an
empirical reduction formula (Equation 3.1) 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)

P_t=P_24 (t/24)N1/3) (3.1)

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

P24 is the daily rainfall in mm and t is the duration of
rainfall for which the rainfall depth is required in hr.
Short duration rainfall by using IMD empirical
formula for Yermarus station is tabulated in Table 1.

Year | Rainfall N ] o
(mm) P. =P, (Z) in mm where, time t is in hours
Duration in|5 10 15 30 60 120 720 1440
Minutes
1998 | 1134 17.17177 | 21.635114 | 24.766006 | 31.203213 | 39.313584 | 49.532012 | 90.00564 | 113.4
1999 | 84.1 12.73497 | 16.045089 | 18.367029 | 23.141007 | 29.155842 | 36.734059 | 66.75021 | 84.1
2000 | 63.8 9.661012 | 12.172136 | 13.933608 | 17.555247 | 22.118225 | 27.867217 | 50.63809 | 63.8
2001 | 75.9 11.49327 | 14.480645 | 16.576189 | 20.88469 | 26.31306 | 33.152379 | 60.24187 | 75.9
2002 | 60.9 9.221875 | 11.618857 | 13.300263 | 16.757281 | 21.112851 | 26.600525 | 48.33636 | 60.9
2003 | 57 8.631311 | 10.874793 | 12.448522 | 15.684154 | 19.760796 | 24.897043 | 45.24093 | 57
2004 | 98.8 14.96094 | 18.84964 | 21.577437 | 27.185868 | 34.252047 | 43.154875 | 78.41761 | 98.8
2005 | 63.4 9.600441 | 12.095822 | 13.84625 | 17.445182 | 21.979552 | 27.692501 | 50.32061 | 63.4
2006 | 116 17.56548 | 22.131157 | 25.333833 | 31.91863 | 40.214954 | 50.667667 | 92.06926 | 116
2007 | 101.9 15.43036 | 19.441077 | 22.254462 | 28.038866 | 35.326757 | 44.508925 | 80.87808 | 101.9
2008 | 80.4 12.17469 | 15.339181 | 17.558967 | 22.122913 | 27.873123 | 35.117935 | 63.81352 | 80.4
2009 | 265.5 40.20374 | 50.653639 | 57.983903 | 73.05514 | 92.043709 | 115.96781 | 210.7275 | 265.5
2010 | 65.8 9.963865 | 12.553708 | 14.370399 | 18.105568 | 22.811586 | 28.740797 | 52.22549 | 65.8
2011 | 103 15.59693 | 19.650941 | 22.494697 | 28.341542 | 35.708106 | 44.989394 | 81.75115 | 103
2012 | 29.5 4467082 | 5.6281821 | 6.4426559 | 8.1172378 | 10.227079 | 12.885312 | 23.41417 | 29.5
2013 | 64.7 9.797295 | 12.343843 | 14.130164 | 17.802891 | 22.430237 | 28.260328 | 51.35242 | 64.7
2014 | 855 12.94697 | 16.312189 | 18.672782 | 23.526232 | 29.641194 | 37.345565 | 67.86139 | 85.5
2015 | 74.1 11.2207 | 14.13723 | 16.183078 | 20.389401 | 25.689035 | 32.366156 | 58.81321 | 74.1
2016 | 68.3 10.34243 | 13.030672 | 14.916386 | 18.793469 | 23.678288 | 29.832773 | 54.20975 | 68.3
Tablel Short duration rainfall for Yermarus
B Normal Distribution
Tablz ] Estimation of maximum rainfall intensity for various faturn pariod by Mormal Distribution For §armarus Raingaugs Station
Duratio | Fetum pericd Tyys | Retum period S ygg | Retum period [0 yys | Fetum peried I35 ygs | Fetum period 30 vz | Fetum period 73 yrs, | Fetum period 100 g5,
nin Famfall | Fainfall | Famfsll | Basinfall | Fainfall | Reinfall | Famfsll | Fainfall | Fenfsll | Feinfall | Famfall | Fanfsll | Renfall | Fanfal
minutes | Depth{mm | Intensit | Dapth(mm | Intensity | Depth{mm | Intensity | Depth{mm | Intensity | Depth{mm | Intensity | Depth{mm | Intensity | Depth{mm | Intsnsity
) ¥ ) (mm/hy) ) (mm/hs) ) (mm/bs) ) (mm/hy) ) (mm/hy) ) (mm/hy)
{mm
3335 ] 72818 PHEREEE 207150 PR 209380 pLEREL 209.631
5 1704113 6 17.2742% 9| 174036 3| 1744836 3| 17462348 2| 1746926 1
67890 [ 5.4 TI583 130383 131380 131901 132.000 132.08
1) 2147052 1| 1176413 4| 1193003 3| 113983 6| 11001114 3| 21.0094 b
T3IT88 [ 105018 953103 95.6331 JURESE) 100.659 100,74 T00.TED
15 245776 9 24351381 3| 2510362 51 2316492 7| 25.1830% 4| 251937 3
I I35 61.9316 61TTER 632571 614TTR [RELH)
3 3096383 6 313832 6| 3162838 6 31.70381 2| 31731235 7 31,7438 | 634876
303075 [ 16.6706 398495 39.9468 399788 399946
60 390145 | 39,0143 393481 | 390481 | 3984932 1] 3954681 2| 399785 3| 3999468 §
AT T IT00ET pERIE! 231038 PERLEY 251930
120 4913519 | 245776 | 49.81761 1] 3020724 2 3031984 2| 3037019 | 231831 | 50.39014 7
695436 | IRI8EI T353 70271 T8I T6ITH T3
720 8932097 | 744341 9034278 1| 9123262 3 9143539 2| 915218719 3| 9156496 3
FE.0000 T 45.0584 468905 475318 4.78%41 450110 450455 450683
1440 112.5373 4] 1140768 B 1149439 1] 1131166 7] 115.318% T 1133846 )
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C Log Normal Distribution

Tablz 3 Ectimation of maximum rznfall intansity for various retum pariod by Log Hormal Distribution For | 2mams REnEInEss station
Duratio | Retum period I yg5. Retumn paried 5 w3 Fetum pariod [0 ygs | Fetum period I3 yrz | Retum period 30 ygs | Retum period 75 g5 | Fstum period 100 yrs
nin Fainfall | Fainfall Fainfall Fainfall Fainfall | Fanfall Fainfall Fainfall Fainfall | Famnfall Fainfall Fainfall [ Fainfall | Fanfall
minutes | Depth{m | Intensity | Depth{mm | Intensity | Depth{mm | Intensity | Depth{mm | Intensity | Depth{mm | Intensity | Depth{mm | Intensity | Depth{mm | Intensity
m) (mmh) ) (mm/hs) ) (mmhs) ) (mm/hs) ) (mmhs) ) (mm/hs) ) (mmhy)
3315 TI818 PLERES) 0TS 05 TR HUER! TT08% TT0EDT
] 16.99618 2| 17.20634 3 1748138 6| 17.53926 1| 17.5579% 9| 17.56725 1
T6.7E52 51742 TIE 48T TI0EE T3TT3E TITTER T3I7H TIZEW
10 2141389 4| I1.80492 3 2202847 8| 2209813 3| 22.121731 4 22134 4
ToITE | TO50IR OR.0TT0 THIE TILTH TOT.252 TOT343
15 2451277 9| 2496039 6| 2521399 | 10085 | 2529602 1| 253234 2 253184 6
HI4 | 133315 61.7683 618962 63.5332 637419 £3.8100 63,8437
30 30.88416 1 11.44812 4| 3176764 8| 3187089 9| 31905036 7| 3192186 2
WIH | 168708 39811 10,0277 ELREES] 101578 A0ITH
0 389116 | 38.9116 | 38.62215 3 4002472 2| 40.134%4 4] 40197526 3| 4021903 3

LEJE ki Z1.0037 24 3177 243603 I5I130 232960 153130
120 4902554 7| 49.92078 9| 5042799 9| 5059205 2| 30646087 4 506728 | 253364
B9 R4 | IETIEEI TII3T] TEIET TERUTE 16691 T8I0
720 89085313 7| 9071208 | 7.5594 | 91431371 4| 91.93188 8| 92.020048 1 9207858 5
EE.O000 | 4E.0F84 4 67668 476208 4 81048 483177 483382
1440 112.2405 71 114.2901 6 11543513 9 1158269 | 482612 | 11595039 51 116017 3

D Gumbel’s Distribution

Tablz 4 Estimation of maximum ranfall mtansity for various retum period by Gumps] § Distribution For §aman; RAmganEgs station
Duratio | Fetum period I yy5 | Fetum period 5 g3, Fetum period [0 yg5, | Fetum pariod I3 g5, | Retum period 30 yy5 | Fetum period 75 yrz | Betum peried 100 w3,
nin Fainfall | Hamfall Fainfall | Fainfall | Famfall | Hainfall | Hainfall | Fanfsll | Fainfall | Fainfall | Fainfall | Fainfall | Famfall | Hamfsll
minutas | Depth(m | Intensity | Depth(mm | Intansitv | Depth(mm | Intensity | Depth{mm | Intsnsity | Depth{mm | Intensitv | Depth(mm | Intansity | Depth{mm | Intensity
m) (mmhe) ) (mm/hs) ) (mmbe) ) (mmhe) ) (mmhs) ) (mm/hs) ) (mmbe)
13315 T.I818 143.941 1432% 146,062 146,308 146389 146429
3 11.89513 6| 1210822 6| 1217183 1| 1219237 4 | 12199118 4 120M3 4
T6.TR9T RVEY) S0 &7 L) EEYA) 02 2197 LOEEL]
10 15.11295 1| 152333 5 133336 | 92,0136 | 1336145 | 92.1687 | 13.369936 1| 1537418 5
T9IT8 | 105018 S REYA] TOITH 703378 703767 T0 3960
13 173 69.2 | 1746309 6| 1733487 7| 173844 4| 17.3941% 8| 17.39301 3
HIWET| 137315 4335930 430047 EERIL] EEREESS 443487
30 21.79663 7| 2120012 3| 2211775 442355 [ 2215303 6| 22.167297 9| 221716 2
305079 | 168708 IT4E0 TT7I0 TTEE6E PR k5 179190 TTO366
60 17 46204 41 27.72083 1| 2786662 2| 2791359 9 | 27.929043 4| 2793668 ]
/AT OILO0Y 174630 17.5548 17.584 17.5990
120 46 173 | 3492618 9 3310974 7| 3516892 6| 35188391 17.5942 | 3519801 1
69543 | 3E.I66I 51358 IRy 33185 531551 531848 337991 |
720 62.87237 4| 6346309 7| 63.79862 1| 6390617 4| 6394153 3| 6393903 9
RE0000 | 4508 3.30039 3133170 3.34921 135486 335672 3357683
1440 79.21412 3 79.961 §| 8038123 8| 8051672 4 | 80.561305 1| 8058133 9

E Pearson Type Il Distribution

Table 5 Estimation of maximum sainfall mtensity for various raturm period by Pearson Lvpa 11 Distribution For Varmarns Raingaugs Station
Duratio | Fstum periodvgs | Fetumperiod Jygs | Ketum period [0 yys | Betum period I3 yys, | Retum period S0 vy | Fetum period 73 wgs, | Fetum period T00 g5,
n in| Panfal | Famfall | Fainfsll | Fainfall | Fainfsll | Rainfsll | Fanfall | Fainfall | Fainfall | Fainfall | FRainfall | Rainfall | Fanfall | Rainfl
minutzs | Depth(m | Intensity | Depth{mm | Intensity | Depth(mm | Intensity | Depth{mm | Intensity | Depth(mm | Intensity | Depth{mm | Intensity | Depth(mm | Intensity
m | (mmy) ) (mm/y) ) (mmg) ) (mm/y) ) (mmg) ] (mm/hy) ) (mmy)
133353 TIE16 JREXER] TR7.070 188362 TR0H 185103 TE9.281
5 15.36912 4| 1358923 7| 1371336 T 1373302 6| 13766939 il 1E77d7 7
16,7852 LB¥EY TTE0H 119908 120581 2138 JAREEL) T21.500
0 1966744 7| 1998437 2| 2016363 3| 2022138 5 20.2406% 9 2023008 5
I52T8E | T030TE IR 91467R 93136 936519 937537 LERIN0]
15 2171982 3| 2311692 9| 233117 3| 134148 2| 234341 1| 2343026 5
FEMEI N IR EREIE 56.2500 570980 511382 577832 37804
W 2812302 4| 2854903 9| 287887 | 3757 | 1856613 6| 18.391612 4| 28590422 4
WIH | 166706 351863 IT60H 358731 I6.0670 360973 36112
60 3518634 4| 3569047 7| 3587312 1| 3606706 6| 36097318 3| 3611229 9
BT IL00E 111661 pRELE] IITI08 11738 117745
120 4433216 3] 44967138 9| 433131 | 226619 | 4544163 2| 45479782 9 4349883 1
GO B3 | IEI662 671308 630923 686333 838107 638683 63890
720 30.55707 9| 8171078 2 136246 3| 8237383 9| 82642231 4 81,6763 8
SR.0000 [ 4508 422808 428954 430375 433480 43384 43404
1440 1014953 1] 102.9481 71 1037702 8] 104.0334 8| 10412271 61 1041639 4

F Log Pearsons Type Il Distribution
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Tablz 6 Estimation of maximum ramfall miensity for various return period by LoE Pearson 1vpe 111 Listribution For § efmarns FAmEnEs Station
Duratio | Ketum peried 2 vrg Fatumn pariod 7 vz Faetum period [0 vrz | Ketum period 27 wgs | Betumn period 30 vps | Ketum period 72 wrs | Retumn period 100 wys
n  in | FBainfall | Fanfall | Fainfall | Fainfall | Fanfsll Fainfall | Fainfall | Rainfall | Fainfall Fainfall | Fainfall Fainfall | Fainfall | Fainfall
minutes | Depth(mm | Intensity | Depth({mm | Intensity | Depth{mm | Intensitv | Depth(mm | Intensitv | Depth{mm | Intensitv | Depth(mm | Intensitv | Depth{mm | Intensity
) (mm/ks) ) (mmhy) ) (mm/r) ) (mm/ks) ) (mmbr) ) (mms) ) (mmhr)
133386 IT372 163.033 323783 4TIITE
b 11.94884 1| 1797517 1] 2192114 7| 26.94032 8| 30.66383 | 367.966 | 32.82B08 | 393937 | 3433983 3
903277 13588 16571 103638 pE) RIS LR G5 15978
10 15.05462 4| 2264734 1] 2761896 B 3394274 5] 3863409 5| 41.36087 2| 43.29079 7
£8.9329 103.698 126.463 155418 176.899 185385 198222
15 17.23323 2| 2592471 9| 3161579 2| 38.85471 9| 4422496 8| 4734835 4| 49.5333% 2
EERE ] X1 STo0T] TIT.33 TI530% 123871
a0 21.71251 2 32,6631 | 63.3262 39834 1] 4893387 3| 5571996 9| 39.65266 3| 6143608 2
TT3560 YRGS 501569 FLETE0 702077 151578 186643
60 27.35605 5] 4113193 3| 30.18693 5| 6167802 2| 7020175 5| 7515763 5| 7866433 3
171332 PERIEY ILEIET ERREEY EENRES] EXRELE) 493533
120 14 46646 3] 51.84%44 2| $3.231%% 9 77.70443 1| 8844892 f 94,6927 b 99.1111 ]
511918 L ERES ) TIT872 3393 150080
720 62.62971 3| 9421668 | 7.85139 | 1148994 2| 1412074 8| 1607242 8| 172.0881 14.339 | 180.0968 7
128785 4.94606 6.03184 741292 9.03300 945449
1440 78.90849 4| 118.7056 6] 1447842 2] 1779102 4] 2024998 | 843749 | 216.7922 7] 2265078 1

G Chi-Square Test

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 3.2.

2=y (i=1)"ni(O i-E i)y 2/E_i (3.2)
where, Oi and Ei represent the observed and expected
frequencies respectively. If the observed frequencies
are close to the corresponding expected frequencies,
the y2 value will be small, indicating a good fit;
otherwise it will be a poor fit. (Rashid et al, 2012)

Table 7 : Chi —Square Test

Durati | Observed NORMAL

an i | values DISTRIBUTION LOG-NORMAL DISTRIBUTION | GUMBELS DISTRIBUTION

minute Expected Chi-square Expected Chi-square Expected Chi-square

S values values values values values values

5 13.32553325 | 10.19288241 | 1.793674629 | 17.65889708 | 1.063375703 | 26.38436048 | 6.463411112

10 16.78915342 | 24.18156492 | 2.259892942 | 22.24886064 | 1.339772111 | 33.24227764 | 8.143404001

15 19.21877022 | 27.68096332 | 2.586929912 | 2546857068 | 1.533655195 | 38.0528833 9.321864328

30 2421413316 | 34.87582837 | 3.259327451 | 32.08838831 | 1.932284463 | 47.94362868 | 11.74481309

60 3050789607 | 43.9407903 | 4.106495264 | 40.42883589 | 2.43452587 | 60.40518698 | 14.79753724

120 38.43754045 | 55.36192664 | 5.173850824 | 50.93714136 | 3.06731039 | 76.1057666 18.64372866

720 69.84564629 | 100.599297 | 9.401527231 | 925589285 | 5573672874 | 138.2933557 | 33.87790327

1440 | 88 126.7471718 | 11.84518206 | 116.6169424 | 7.022387779 | 174.2387009 | 42.68348345

Table 7 Contd....

Duration _in | Observed values PEARSON TYPE Il LOG PEARSON TYPE Il

minutes Expected values Chi-square values Expected values Chi-square values

5 13.32553325 24.59217347 5.161690243 25.2391913 5.62360523

10 16.78915342 30.98425898 6.503335197 31.79945201 7.08531278

15 19.21877022 35.4680989 7.444455461 36.40126135 8.11065305

30 24.21413316 44.68700441 9.37942614 45.86271542 10.2187825

60 30.50789607 56.30209751 11.81733643 57.78340056 12.8748592

120 38.43754045 70.93619781 14.88891092 72.8025227 16.2213061

720 69.84564629 128.8996258 27.05494664 132.2909632 29.4760693

1440 88 162.4033519 34.08709678 166.6761693 37.1375202
1JIRT 148410 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 5
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Fig 3: IDF for Yermarus Raingauge Station by Log
Normal Distribution

Table 8 : Rainfall IDF Empirical Equation For Respective
Return Period Using Log Normal Distribution

Return Period (T) | i= x* (tg)”

years X Y

2 584.26 0.667
5 613.86 0.667
10 622.65 0.667
25 627.61 0.667
50 629.21 0.667
75 629.74 0.667
100 630.00 0.667

IV CONCLUSIONS

Among the various available probability distribution
functions Log_ Normal distribution had the best
approximation of rainfall intensity for various return
periods. Study showed that i = x * (td)-y was the best
form of IDF empirical equation for Yermarus
Raingauge Station Raichur It has been tabulated in
Table 8. These IDF equations will help to estimate
the rainfall intensity for any specific return period in
Yermarus Raingauge Station Raichur 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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