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ABSTRACT 
    The intensity-Duration-Frequency (IDF) for rainfall relationship considers as significant criteria in water resources engineering. The 
Planning, designing, operation and management of water resources projects are sorely based on IDF curves. The target of this paper is 
to assess the rainfall intensity-duration-frequency relationships IDFcurves and to derive a relationship between intensities and durations 
for a number of recurrence intervals through regression of generated IDF curves for Baghdad city. Maximum daily rainfall data for 
Baghdad city was used during the last 11 years (2004-2014) and Indian Meteorological Department (IMD) empirical reduction formula 
was used to estimate the short duration rainfall intensity (.25hr, .5 hr, 1hr, 2hr, 3hr, 6hr, 12hr  and 24hr) with respect to six frequency 
periods (2, 5, 10, 25, 50, 100 years). Various frequency analysis technique procedures have been used to develop the relationship between 
the rainfall intensity, storm duration, and return periods from rainfall data. These techniques are: Gumbel, Log normal and Log Pearson 
Type III distribution. Also nonlinear regression analysis was used to estimate the parameters of IDF equation for different return periods. 
Easy fit software 5.6 involving Kolmogorov-Smirnov was used to test the goodness of fit. The results obtained showed that no big 
difference from the three techniques applied and all of them located at the acceptable significance level with small priority to Log Pearson 
Type III distribution.  
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INTRODUCTION 

 
 A careful analysis on the existing rainfall data is very necessary to any specialist in water or hydrological 
engineer, because it may reflects the risk of natural events. In constancy and unavailability of rainfall data makes 
the design of water resources structures difficult to handle. To predict the parameters of future probabilities, 
frequency analysis should be adopted. This may highlight and reduce the effects of problem. “The principal 
features of rainfall storm are its intensity, duration, total amount and frequency or recurrence interval. Rainfall 
intensity is expressed as the rate of rainfall in millimeters per hour”, [1]. Rainfall intensity-duration-frequency 
(IDF) relationships is graphical creation of the value of water that falls within a specified period of time [1and2]. 
When any area will be immersed and a clear rainfall rate or an accurate amount of flow will re-occur in the future, 
these graphs can be applied. For any storm, the intensity of rainfall may change from very low value to high; 
hence, the duration is how long time rainfall intensity continues at a definite rate. In general, the high-intensity 
occurs in short duration part of storm and the vice versa is true. “Naidal A. Hadadin 2005, elaborated Rainfall 
Intensity–Duration–Frequency Relationship in the Mujib Basin in Jordan. IDF equations were expanded for each 
of the 8 rainfall recording station in the basin. The 8 IDF equations obtained were compared with the curves 
obtained by Gumble method and Water Authority of Jordan (WAJ). The results obtained by the researcher were 
close to the measured values”, [3and4]. “Marta bara et al, (2009), elaborated the evaluation of IDF curves of 
extreme rainfall by simple scaling theory to the IDF characteristics of short duration rainfall in Slovakia. The 
analysis depends on rainfall intensities of the durations scale from 5 minutes to 180 minutes and daily rainfall 
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amounts for 55 stations from the whole district of Slovakia, taken from the historical database” [3and5]. Ayad 
Hussain, 2014, derived IDF empirical formula that used at Karbala province and compared different statistical 
distributions and conclude that the Log Pearson type III was the best method of other methods [6]. Anyway, many 
relationships of IDF formula were developed for different places in the world. The essential objectives of this 
study were to get the IDF curves, investigate probability distribution function for the daily rainfall data by 
Kolmogorov-Smirnov test using Easy fit software 5.6 and derive empirical equation of IDF for various return 
period for Baghdad city.   
 

MATERIALS AND METHODS 
 
2.1 Area of Study: 
 Baghdad city is the capital of Iraq located at latitude 33° 20' 19" North and longitude 44° 23' 38" East. The 
mean maximum monthly air temperature is 44.4 °and occurs in July, while the mean minimum monthly air 
temperature is 4.2 C° and occurs in January. The city gets about 280 mm as annual rainfall. The maximum relative 
humidity occurs in January and is about 71.7%, while the minimum relative humidity occurs in July and is 25.3% 
[7]. 
 
2-2 Estimation of Short Duration Rainfall: 
  From daily maximum rainfall data, rainfall intensities of various durations were derived by using “Indian 
Meteorological Department (IMD) empirical lowering formula which is used to estimate the short duration rainfall 
intensity (0.25hr, 0.5 hr, 1hr, 2hr, 3hr, 6hr, 12hr  and 24hr)” [8 ,	according to the following equation: 

															P = P / …           (1) 

Where: 
															 	is required precipitation depth for the duration t-hour in mm,	  is daily precipitation in mm and t is 
the time duration in hours for which precipitation depth is required in hours. The rainfall data is converted to 
intensity by dividing the rainfall with duration. 
 
2.3 Frequency Analysis Techniques: 
 GumbelDistribution Theory: 
 The Gumbel distribution is the exceedingly used distribution for IDF analysis due to its eligibility for 
modeling maximal. It is generally clear and uses with ultimate events (peak amount rainfall). The Gumbel method 
estimates the (2, 5, 10, 25, 50 and 100-year return intervals) for any duration period and demands some calculation 
steps. The maximum intensity and the statistical variables (arithmetic average and standard deviation) for any 
duration (.25hr, .5 hr, 1hr, 2hr, 3hr, 6hr, 12hr and 24hr) should be computed. The “Gumbel’s extreme value 
distribution is given by”, [9 :  

	  + ∗ …             (2) 
 Where	 		the design rainfall intensity in mm/ hr, 	 is the average intensity for each duration with a specified 
return period T,  is the frequency factor given by: 

= - √ {0.5772+ ln [ 	 }…            (3) 

 And S is the standard deviation for the required intensity. 
 
 Log Pearson Type III: 
 The (LPT III) probability method is utilized to create different rainfall durations and return periods of rainfall 
intensity which produce the IDF curves for the area of study. LPT III distribution includes logarithms of the 
estimated values. The statistical parameters (average and the standard deviation) should be transformed to the 
logarithmically data. By the same way as with Gumbel’s model, the frequency intensity is obtained using LPT III 
method. In this type of distribution the frequency factor , depends on the return period T and the skewness 
coefficient which can be calculated by, [10]: 

= 
∑ ∗ ∗

∗ …………            (4) 

 Where ∗	, ∗  and ∗ are the desired rainfall intensity for specific frequency, average rainfall intensity for 
specific duration and standard deviation respectively in logarithmically terms.	  values can be estimated from 
tables in many water resources references; for instance, reference [11]. After acquainted of the skewness 
coefficient and the recurrence interval, the frequency factor,  for the LPT III distribution can be calculated. The 
antilog solution of Equation (2) will give the estimated extreme value for the selected return period.    
 
 Log Normal Distribution: 
 The value of frequency factor for the Log Normal distribution is computed by the same way as the LPT III 
distribution and depends on return period for the Normal distribution, value of extreme rainfall intensity should 
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be converted to logarithmic data also. Then Equation (2) used to obtain the value of extreme rainfall intensity. 		is 
computed by using the references mentioned above [11]. Antilog values for Equation (2) should be considered.    
 
2.4 Derivation of IDF Equations: 
 A relationship of maximum rainfall intensity and other effective parameters of interest such as rainfall 
duration and frequency can be represented by IDF formulas, which are empirical equations. In this study, one of 
the most widely used formula (Bernard Equation) is utilized to derive the relation which is given by Equation (5). 

     “I=
	

 …              (5) 

 Where I = Intensity in mm /hr. 
T = Frequency of occurrence in year 
t = Duration of the storm in 'hr.' 
 C, m and n are regional coefficient to be determined from the given data”, [8] . The graphical procedures was 
used to determine the constants by Microsoft excel 2012. A log-log graph was plotted between the duration and 
rainfall intensity for each return period to find the constant (n) by nonlinear regression analysis. From graphs the 
average value of exponents for all recurrence intervals equations was used to establish (n) coefficient.  To get the 
values of (C and m), derived values of the intercept points for each equation obtained were plotted on log-log 
scale with respect to recurrence intervals [9]:   
 
2.5 Goodness of Fit Test: 
 The objective of the test is to know how “good a fit between the frequency of occurrence observed in a sample 
and the expected frequencies obtained from the hypothesized distribution”. The software (Easy Fit 5.6) was used 
to conduct the tests of goodness of fit by using Kolmogorov-Smirnov [12]. Minimum value obtained from the 
Kolmogorov-Smirnov test, is the better fitting of the selected distribution and vice versa. The test can be achieved 
as follows: 
 The data is coordinated in descending order of amount.  
 The cumulative probability P (xi) for all observations is determined using the Weibull’s formula Equation (6) 
[11].    
 The theoretical cumulative probability F (xi) for all observation is calculated using the assumed distribution. 
 The Kolmogorov-Smirnov test statistic Δ is the maximum of this absolute difference Equation (7) [13].     
 The pivotal value of Kolmogorov-Smirnov Statistic is obtained from the tables which are saved in (Easy Fit 
5.6) software for a given significance level.    
 If Δ<  , then the hypothesis that the assumed distribution is a good fit at significance level. 
P (xi) = m/n+1              (6) 
Where: 
  n is number of the observed value and m the rank of a value in a list ordered by descending magnitude. 
Δ=| P (xi) - F (xi)|……              (7) 
 

RESULTS AND DISCUSSION 
 
 Figures (1-3) shows the results of IDF curves of Baghdad city using the three techniques mentioned in section 
2. It can be clearly seen that there is no large variation in estimation of rainfall intensity for a given return period 
through the method used. From the graphs, rainfall intensities with parallel to their return periods at different 
durations can easily located. According to the IDF curves, it is clearly seen that the rainfall intensities values are 
moving up with increase the return period and they going down with increase rainfall duration in the all return 
periods. The resulted three equations for Gumbel, LPT III and Log normal techniques can be written as follows:  

I= 
. 	 .

. …              (8) 

I=
. 	 .

. ……              (9) 

I=
. 	 .

.  …            (10) 

 Table (1), shows the parameters and the average values obtained by analyzing the IDF data using the three 
methods by applying the procedures described above. Figure (4), shows the values of Kolmogorov-Smirnov test 
(KS) for evaluating the goodness of fit according to different probability distributions for (0.25hr, 0.5 hr, 1hr, 2hr, 
3hr, 6hr, 12hr and 24hr) durations. It was found that the KS values obtained by Easy fit software 5.6 for the three 
methods can be accepted with 10% significance level. The study showed that the LPT III give best estimation 
with smallest Δ for all durations, but there was no large differences through KS test for distribution considered. 
Thus the study adopted the average values for parameters, Table (1). The final derived formula for estimate IDF 
at Baghdad city can be written as follows: 

I=
. 	 .

.  …            (11) 
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Fig. 1: IDF by Gumbel method at Baghdad city. 
 

 
 

Fig. 2: IDF by LPT III method at Bagdad city. 
 

 
 

Fig. 3: IDF by Log normal method at Baghdad city. 
 
Table 1: Summary of factors included in methods. 

Factor Gumbel LPT III Log normal Average 
c 8.441 6.206 6.999 7.215 
m 0.356 0.470 0.399 0.408 
n 0.670 0.672 0.650 0.664 

 

 
Fig. 4: Goodness of fitting results by Kolmogorov-Smirnov Test. 
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Conclusions: 
 In this study IDF empirical equation was developed for Baghdad city. This equation will make a good guide 
to estimate the rainfall intensity for any specific return period at different durations. The maximum intensity occurs 
at return period 100 years with duration of 0.25 hr, while the minimum intensity occurs at return period 2 years 
with duration of 24 hr. The goodness of fit test showed rapprochement in results obtained for the three techniques 
with small priority to LPT III method.       
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