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The intensity of rainfall can be considered an important influence in designing and
operating hydraulic structures. The intensity-duration-frequency (IDF) curves are very
important for planning, managing, operating, and designing all water resource projects.
The current study aimed to derive the curves of IDF and equations for the stations (Tikrit,
Samraa, Baiji, and Tuz) in Salah Al-Din/Irag. Using the maximum daily rainfall during
the period between 1990 and 2022, developed the empirical equations for estimating
rainfall intensity with the various rainfall durations and different return periods (IDF
equations), by using three methods of frequency distribution techniques (Gumbel, Log
Pearson Ill, and Log-Normal). By finding all the missing rainfall data using the
homogeneity curve expectation maximization (EM) algorithm adopted in SPSS, and
checking the consistency of the data using the double mass curve technique. The results
showed that the rainfall intensity reduced as the duration increased, while rainfall of any
duration showed a higher intensity if the return period of the rainfall was large. A
comparison among the three distributions was made using the methods of testing goodness
(Chi-Square, Anderson-Darling, and Kolomokorov-Simornov) using Easy Fit software
5.6. The test results proved that the Log Pearson Il1 distribution was the best method for
the study area having correlation coefficients 0.92, 1, 0.96, and 0.92 for Tikrit, Samraa,
Baiji, and Tuz stations, respectively. Also, Bernard's equation with an error ratio of (a<
0.05), can be adopted as a general empirical equation for all hydraulic projects in the study

area.

1. INTRODUCTION

Over the past few decades, a lot of research has been done
on the relationship between rainfall intensity, duration, and
frequency. Engineers utilize rainfall intensity-duration-
frequency (IDF) curves as their primary data source to forecast
rainfall intensity. IDF curves are a probabilistic tool that may
be used in planning and design studies. They make it possible
to evaluate the extreme features of rainfall and offer a
straightforward way to convey information about local
extremes. IDF curve values are frequently the basis for urban
drainage design. Urban drainage design is often based on the
values provided through IDF curves. This is what was
observed in the studies adopted in the current paper, examples
of which include the studies [1, 2]. The large increase in
population that occurs as a result of urbanization and the
development of infrastructure has made many areas
throughout Irag vulnerable to the risks of severe floods that
may occur in exceptional circumstances. Statistics and
evaluation of heavy rainfall data are very essential in planning
and managing water resources projects to design drainage
systems and determine the necessary drainage capacity of the
channels. It is therefore important to prevent flooding and thus
reduce losses and risk assessment in various weather
conditions for the successful implementation of infrastructure
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projects associated with highways, bridges, airports, city water
supply systems, railway lines, small irrigation projects, etc.
Studies based on the intensity, duration, and frequency of
rainfall have received a lot of attention in previous years [3].
It has become necessary to analyze and understand rainfall
behavior due to the increase in urban areas during the last
several decades. This requires information on both the volume
of rainfall on the surface and the distribution of rain. For the
construction of hydraulic structures, return period analysis of
short-duration rains is typically employed. On the other hand,
urbanization, industry, a shift in lifestyle, and the green
revolution are all contributing to the daily rise in water demand
[4]. Therefore, it has become necessary to design economical
and, at the same time, safe facilities to control these floods
using intensity, duration, and frequency (IDF) curves. Which
represents the mathematical relationship related to the period
of return of rainfall, its intensity, and duration. Zeri et al. [3]
in Irag, Dang [5] in Vietnam, Sangiesa et al. [6] in central
Chile, Alramlawi and Fistikoglu [7] in Turkey, and Refaey et
al. [8] in Egypt generated IDF curves, and these study results
were: Zeri et al. [3] established IDF curves using the Sherman
equation for the major cities in Iraq based on observed rainfall
data from 2000 to 2022; Dang [5] adopted 0.25 to 8 h with
return periods from 2 to 100 years; Ca Mau City in Vietnam
derived IDF curves using GEV distribution. Sangesa et al. [6]
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and Alramlawi and Fistikoglu [7] used the annual maximum
rainfall series of the study area, which was sampled from the
daily downscaled rainfall series. The sampled daily maximum
rainfalls were then bias-corrected. The Gamma distribution
was best suited to represent the rainfall data for the Al Qusir
weather station in Egypt. Ogbozige [9] in Port
Harcourt/Nigeria developed the IDF curves using Gumbel,
Pearson type Ill, and LP Ill. The results of this study showed
that the Gumbel distribution is the best distribution for the
catchment with the highest (R>= 0.9865) compared to the
distributions Pearson type (I111) and LP (II1), which have R?
values of 0.9766 and 0.982, respectively. There was no
significant difference between the rainfall intensities predicted
from all the IDF equations and those observed in the field. The
study was based on t-test analysis and the result showed that
(p < 0.01), Sherman’s equation was adopted in this research.
Basumatary and Sil [10] in Barak River Basin/ India generated
the rainfall intensity duration frequency curves, this study
estimated the maximum rainfall focused on Gumble, LN, and
LP HI distributions. The goodness fit tests indicated that the
LP Il method was suitable for the study area with R? above
90%. The study used the Bernard equation to estimate the
empirical equation and Kolmogorov-Smirnov  (K-S),
Anderson-Darling (A-D), and Chi-Squared (X?) tests for the
goodness testing by using Easy Fit software. Ewea et al. [11]
in the Kingdom of Saudi Arabia derived IDF curves using
Gumbel distribution. The goodness of fit shows strong
correlations ranging between 0.99 and 0.98 for one of the
parameters. Hamaamin [12] developed IDF curves for rainfall
in Sulaimani City- Iraq based on the Bernard equation, with a
determination coefficient (R? = 1) and a maximum value of
chi-square = 0.744 for a return period of 2 years. Haji [13] in
Nablus/ Palestine, the results of this paper proved that Gumbel
distribution fits the data and can be adopted for future
estimations. Also, the maps for the catchment were developed
from the IDF curves. Hussain [14] derived the IDF equation
for rainfall at Baiji station in Irag using Gumbel and LP IlI
distributions. The Weible approach was used to assess and test
the maximum rainfall intensity data for the station. Results
showed that the optimum distribution was LP Il for rainfall
intensity with durations of 15-60 min, while the Gumble
distribution was the optimum type for rainfall intensity with a
duration of 30 min. Since estimations and determinations of
rainfall density are necessary for the planning and
management of water resources worldwide, the assessment of
the relationships is necessary for such intensity. So, the present
research aims to develop frequency distribution curves of
rainfall data for four stations in Salah Al-Din governorate for
years (1990-2022) and to develop a suitable formula for
estimating rainfall intensity, taking into account the various
rainfall durations and different return periods, as well as to find
some important variables for water resource designs and find
the best curve fitting that is necessary and that will facilitate
research for subsequent researchers.

2. STUDY AREA AND CITY CLIMATE

Salah al-Din is one of the Iraqi governorates, located north
of the capital, Baghdad, far from it within limits of 165 km,
and its center is the city of Tikrit. It has coordinates of latitude
34° 32" 1.51" N and longitude 43°2971.46" E. It has an area
of 25,807 km?, see Figure 1. Therefore, it represents a
percentage of (5.6%) of the total area of Irag. The governorate
has a population of 1,237,059 people, according to the 2003
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United Nations census. This study area is generally
characterized by rainy winters and dry summers, but in terms
of the amount of rainfall, it varies according to its different
terrain, growing northwards and less southwards. The
governorate includes eight districts; the current study area
covers the stations (Tikrit, Samarra, Baiji, and Tuz). Table 1
shows the coordinates of the stations of the study area. Figure
2 shows the location of the study area.
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Figure 1. The location of the study area

Table 1. The stations coordinate

Station Name Longitude Latitude
Tikrit 43°39'0.27"  34°41'3.07"
Samarra 43°28'36.65" 34<8'30.16"
Baiji 43°2'4.78" 34°47' 20.53"
Tuz 44°32'53.25"  34°47' 20.53"
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Figure 2. Elevation map for the study area

3. METHODOLOGY
3.1 Data collection and analysis

By obtaining data from different climate stations for the
study area from the General Authority of Meteorology and



Seismology. Stations represent the most extreme climate
compared to the other districts. Tikrit and Baiji stations had
complete field rain data for a period of 33 years (1990-2022)
with very few missing data. As for the Tuz district station, rain
data was obtained for 20 years for the period 2003-2022,
Samarra station had the period 2003-2012, and the station was
permanently closed in 2012. Available rainfall data were
analyzed to determine the maximum daily rainfall for each
year.

To analyze the IDF curves of rainfall sums at continual
duration, it is necessary to get the best-fit probability among
the hypothetical distributions. There are essential steps that

must be applied to develop the IDF curves for the current study.

Figure 3 shows the flowchart, which explains the steps that
were followed in the current research to draw IDF curves and
then find the appropriate equation for the study area.

3.2 Rainfall duration reduction formula

Through the maximum selected rainfall data, the intensity
of rainfall for different return periods can be derived using the
Indian meteorological equation (IMD), which is an empirical
equation used to estimate the intensity of rainfall for short
durations of time, as shown in Eq. (1). The IMD formula has
been used in previous research papers; they found that this
equation has high accuracy in performance and always gives
the best estimation for short durations of rainfall [15, 16].

1
Py = Py (=23 1)
t (24) 24
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Figure 3. Methodology flowchart for the research
3.3 Missing rainfall data estimation

To compensate for missing data from field stations, it is
possible to use one of the statistical methods to find this data.
In this study, an iterative method has been used to estimate
mean values and covariance matrixes from unavailable data,
which is the expectation maximization (EM) algorithm
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method. It is a method that uses the probability amplification
of the available data, through which probability distribution
coefficients are found. This method also depends on the
assumption that the missing data are: A set of data is missing
at random, meaning it is not affected by certain factors. The
data parameters in the mentioned method can be determined
using the mean and covariance matrix [16, 17]. Missing data
was found for stations by adopting the expectation
maximization (EM) method using the SPSS program, and the
results were very reasonable and close to the data collected in
the field.

3.4 Homogeneity tests

The homogeneity test was conducted to show the extent of
homogeneity of the data after the missing data was found. In
this test, the monthly rainfall data for the stations (Tikrit,
Samarra, Baiji, and Tuz) was used based on the Pettitt test
utilizing (XLSTAT) software as shown in Figure 4. In this test,
the null hypothesis (HO) was applied when the data were
homogeneous, and the alternative hypothesis was applied (Ha)
when the data were changed. It means when the calculated
value is greater than the significance a level = 0.05, the null
hypothesis (HO) will be accepted. According to the Pettitt test,
the results showed that Samraa station has the highest p-value
while Tuz station has the lowest p-value. Since p-values for all
stations are more than 0.05, which means that the null

hypothesis cannot be rejected [18-20].
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A double mass curve is used to check the consistency of the
data collected for stations. In this research, rainfall data were
used to test the first assessment of consistency using a double
mass curve [21, 22], where Figure 5 represents the consistency
of the study area with the accumulation of annual rainfall for
each station, and depending on the cumulative average annual
rainfall for the mean of the surrounding stations, the curves
show an approximate straight line. The consistency analysis of
the stations adopted in this study confirms that the stations
were internally consistent, meaning that the data can be used
for statistical analysis.

4. THEORIES OF DISTRIBUTION

The analytical techniques (Gumbel, Log Pearson Type IlI,
and Log-Normal) in this paper were adopted after studying
their adoption only among other techniques by the latest
research in domains adjacent to the study area and similar in
climate to it, and their adequacy and success have been proven,
such as [22-25].

4.1 Gumbel distribution

One of the most well-known distributions is the Gumbel
distribution, which applies the maximum values of rainfall
data for various return periods and at different durations. The
Gumbel distribution is the most widely used distribution for
IDF analysis due to its eligibility for modeling maximal. It is
generally clear and used with ultimate events (peak rainfall)
[26]. The method mentioned above is represented by the
following Eq. (2) [19, 21, 22]:

Py = Fye + Kr§ (2)
where, Pae is the average of the maximum precipitation
obtained by the Eq. (3):

Pave. = = Xty P 3)
K = e (0.5772 +1In (T i 1)) (4)
s==5 > ti- Ry ©

Then the rainfall intensity I+ (mm/h) for the return period T
can be obtained from Eq. (6):

P,
I, = Et (6)

4.2 Log Pearson type 111 (LP 111)

Similar to the Gumbel model, LP 111 is used for estimating
the frequency intensity. The average and standard deviation of
the parameters must be converted to logarithmic data. The LP
I11 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. It is widely
applied since its skew parameter allows a better fit to data
series where other distributions fail [27].

Egs. (7)-(10) are the abbreviated formulas for the
distribution [19, 22, 27]:
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P =log(P;) ()
Pr = Pe + K7 S (8)
1 n
Pave. = ; Zi:lp (9)
1 1
_ " op 2]? 10
S= [n _ 1Zi=1(PI Pave.) ] ( )

In this distribution, Ky depends on the return period (T) and
the skewness coefficient, which can be determined by the Eq.
(12):

_ n Z?:l(Pi - Pave.)3

= - Dm-206)7

(11)

Pr, S, and Pay. are, as in the Gumbel method, determined by
logarithmically transformed values. Ky represents the
frequency factor which can be obtained from tables of Kr
values, such as from the table (7.6) of LP Il [27]. By
expressive Cs and T, Ky for LPT Il distribution can be
determined. The determination in Eq. (8) will give the
maximum value for the exact return period.

4.3 Lognormal distribution theory (LN)

For this method, the frequency factor is computed as in the
LP 11 distribution. The extreme value of intensity must be
converted to logarithmic values. So, Eq. (2) is used to obtain
the value of extreme intensity. Kr can be obtained from the
table (7.6) in the study [20, 27]. The lognormal distribution
assumes that the hydrologic quantity distribution forms a
lognormal distribution. It applied this method to California
frequency analysis, and this method was evaluated to a high
degree. This method transforms the peak flow data using a
logarithm [12, 26, 28, 29].

5. RESULTS AND DISCUSSION
5.1 Generation IDF curves

In this study, IDF curves were generated for rainfall
durations (10, 20, 30, 60, 120, 180, 360, 720, and 1440 min)
for return periods (2, 5, 10, 25, 50, and 100 years) for the study
area by three distributions. Figures 6-17 show the IDF curves
for the four stations.

5.2 The goodness of fit test

The purpose of the goodness-of-fit test is to assess how well
the observed frequency in a sample matches the expected
frequency derived from the hypothesized distribution. The
software tool Easy Fit 5.6 is used to behavior goodness tests,
including Chi-squared, Anderson-Darling, and Kolmogorov-
Smirnov tests. The minimum value gained from these tests is
that the predicted frequencies match the observed frequencies
[19]. Table 2 shows the goodness tests used in the current
study. It observed frequencies are so close to corresponding
expected values, then it is a good fit; otherwise, it is a bad fit.
Table 3 shows the results based on the above statistical three
methods (Kolmogorov-Smirnov, Anderson-Darling, and Chi-
Squared) by using Easy Fit software to perform goodness-of-
fit tests.
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Table 2. Summary of the goodness of fit tests

The Goodness
of Fit Test

Equations

Definitions

Chi-squared

2 _ ZE,(0i-E)?
E;

X

(12)

This test is combined to compare experimental and observed values. Observed
values are the rainfall intensities obtained from the distributions, and experimental
values represent the rainfall intensities calculated from the empirical formula. The
value of chi-squared will be small if the experiential frequencies are close to the
equivalent expected frequencies; it is considered a good fit, which leads to
acceptance; otherwise, it is a bad fit, which leads to rejection [30].

Kolmogorov-
Smirnov (K-S)

m*
Pxi:(7)+1

A=P,;—F

(13)

(14)

This test is based on a statistic that measures the deviation of the observed
cumulative histogram from the hypothesized cumulative distribution function.
Relying on the values saved in the Easy Fit 5.6 tables to obtain the tabular value
(A0) of the Kolmogorov-Smirnov statistics for a given degree of probability. We
conclude that if the value of the statistic (A) is less than the value of (Ao), this
means that the distribution is accepted as fitting the assumed probability level
[30].

Anderson -
Darling (AD)

A2 =—n-—s

2k-1

§ = N0 2 nF (V) + In{(ssi))]

(15)

(16)

At the adopted level of significance (o), the theory related to the distributional
method is rejected if the test statistic (A?) is > the critical value [30].

Table 3. Description of the goodness of Fit Tests for stations

Station  Distribution Kolmogorov-Smirnov  Anderson- Darling Chi-Squared
Statistic Rank Statistic  Rank  Statistic  Rank

LP Il 0.07 1 0.18 1 0.50 1

Tikrit LN 0.14 2 0.66 2 2.71 2

Gumbel 0.18 3 1.36 3 3.79 3

LP I 0.17 1 0.22 1 N/A* 1

Samraa LN 0.24 2 0.45 2 N/A* 2

Gumbel 0.26 3 0.73 3 N/A* 3

LP Il 0.07 1 0.20 1 1.63 1

Baiji LN 0.08 2 0.29 2 1.88 2

Gumbel 0.10 3 0.45 3 3.52 3
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6. RESULTS

As shown in Table 3 the LP I11 distribution had the first rank
on all of the three goodness fit tests, so it is the best distribution
for the study area.

Figure 18 shows a radar chart used to indicate parameters
R? (Coefficient of Determination), Ratio (Bias Ratio), Pcorr
(Pearson Correlation Coefficient), KGE (Kling-Gupta
Efficiency) and NSE (Nash-Sutcliffe Efficiency). According
to the optimal values for each of these parameters shown in
Table Al (Appendix), each of them can be explained as
follows: The chart shows that the value of R? for Samarra
station = 1, which is the optimal value for this measure,
Likewise, for the other stations, it is very close to the optimal
value as shown Baiji station and then Tikrit and Tuz stations,
and this means that the large proportion of variance in the
observed data is explained by the LP I1l. whereas R? indicates
how well the observed results are replicated by the model.

Ratio value for Samraa station is very close to the optimal
value (1), likewise Baiji and then Tikrit and Tuz stations. This
means that there is minimal bias since the ratio between the
mean simulated and mean observed values is a ratio close to 1.
So, it shows an unbiased model. Pcorr measures the linear
relationship between observed and simulated values, with
values ranging from -1 to 1. Values closer to 1 indicate a strong
positive correlation, through the chart, it can be interpreted that
there is a strong correlation for the Samarra station, being
equal to the optimal value, for this metric and the other stations
are also very close to 1. As in the previous two measures, Baiji
station and then the other two stations.

Since the value 1 represents the perfect fit of the model used
according to the KGE metric, so according to what is clear in
the radar chart, Samarra, Baiji, Tikrit, and Tuz stations
Because it is close to the optimum and according to the
sequence suggest the LP I11 distribution performs well in terms
of correlation, bias, and variability. The lowest RE value was
for Samraa station.

It is clear from the radar chart that the NSE value for the
stations is very close to optimum, and this indicates good
predictive performance because NSE measures how well the
model predictions match the observed data. A balanced, large
shape indicates a well-performing model across all metrics.

The error rate for using the LP 111 model is very small and
within the range (< 0.05).

The IDF equation is a mathematical relationship between
the rainfall intensity (1) the duration (d), and the return period
(T). This empirical equation was practically used to derive the
IDF equation [30]. The Bernard equation has been widely used
in hydrology applications for maximum intensity, duration,
and frequency and represents the relationship between the
parameters of duration, which was adopted in the current study
Eqg. (17).

_cT™

= )

Maximum rainfall is a dependent variable in the above
equations, while frequencies are an independent variable. ¢, m,
and e are constant parameters associated with the metrological
conditions. The SPSS program was utilized to derive the
parameters utilized in the empirical equations. It can be
described in Table 4 by Egs. (18)-(29).

REmax. Ratio
—eo— Tikrit
—A— Baiji
—e— Tuz
—=— Samraa
KGEss 11 L1 Pcorr

Figure 18. The spider plot of each statistical metric for LP |11
distribution

Table 4. Summary of factors included in the three methods using Bernard's equation

Station Gumbel LP Il LN
0.27 0.71 0.23
Tikrit = 159.16T (18) _ 3190T (19) [ = 152.73T (20)
d0.66 d0.66 d0.80
0.19 0.11 0.25
Samraa _ 117.21T @1) = 125.15T 22) _ 126.16T 23)
d0.66 d0.66 d0.80
0.39 0.43 0.23
Baiiji _ 131.68T (24) _ 93.21T (25) _ 166.77T (26)
d0.66 d0.66 d0.79
0.27 0.89 0.21
Tuz _ 200.62T @7) _ 22.19T (28) _ 188.19T (29)
d0.66 d().66 d0.78

As for the Baiji station, Hussain in 2006 [14] derived the
IDF equation for rainfall. This study is based on field data for
a period of ten years (1989-1999) using Gumbel and LP Il
distributions. Then, according to the Weible method adopted
by the study, and Bernard's Eq. (25), Figure 19 shows a
comparison between them. The difference between the current
equation and the researcher's equation at 15 minutes has a
deviation in values greater than +5%. As for periods 30 and
60, the convergence of the two equations was less than +5%.
The difference in sample size and the comprehensiveness of
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the current equation for recent years make this difference
normal.

Comparing the results of the IDF equation in terms of the
value of R? Pearson’s factor, and confidently 95%, for the
current study with the results of these equations for studies of
other regions close to the study area in terms of topography
and climate, a scattering matrix diagram was used to illustrate
the extent of convergence and divergence with previous
studies Nasiriyah [28], Najaf [12], Baghdad [31], Basrah [32],
Dohuk [33], and Mosul [21] cities, shown in Figure 20. All



results are located within the 95% confidence zone. also,
Baghdad and Nasiriyah Cities show the optimum closer
relationship with Tikrit city (current study) for correlation
factors. From this, it can be said that there is a great
convergence in the behavior of nearby areas and the closeness
to the topography and weather of the study area, which favored
the method of analyzing data using the LP 111 method.

This study used the graphical representation Taylor diagram,
Figure 21 compares multiple models/ datasets against a
reference by depicting their correlation, standard deviation,
and root mean square error (RMSE) for the three distributions
(LP 111, Gumbel, and LN). The correlation Coefficient (R?)
value in the diagram as shown the closest to the optimum value
(the highest value) is for LP Il distribution, this indicates the
strongest agreement with the dataset for Samraa station, and
the other stations showed values close to that. As shown the
datasets with standard deviations similar to the reference are
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Figure 20. Scatter Matrix for comparison of nearby stations with the current study
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Figure 21. Taylor diagram for the stations of the study area

7. CONCLUSIONS

The current study aimed to develop IDF curves and find
empirical equations for field data obtained to estimate rainfall
intensity in the study area. The obtained IDF curves are usually
used when designing all structures for engineering projects.
These curves allow for the design of safe and economical flood
control structures. Rainfall estimates in this study are in mm
and intensity in mm/hr. The different return periods and
durations were also analyzed using three techniques (Gumbel,
LP 111, and LN), and the following was concluded:

1. Based on the cumulative average of the rainfall field data
for the study area, it was concluded that all of these field
data are internally consistent and are fit for adoption in
deducing the IDF curves and equations.

. Maximum intensity occurs at a return period of 100 years
with a duration of 5 minutes, while minimum intensity
occurs at a return period of 2 years with a duration of 1440
minutes.

. By noting the development of IDF curves, which were
derived for rainfall durations (10, 20, 30, 60, 120, 180, 360,
720, and 1440 min) for return periods (2, 5, 10, 25, 50, and
100 years) for the study area by three different methods
(Gumbel, LP 11, and LN), it was indicated that the value of
intensities was very high for the LP Il distribution
compared with the LN and Gumbel methods.

. The goodness of fit tests showed that all of the statistical
metrics values for the empirical Bernard equation were very
close to the optimal values, with the highest values for the
LP III distribution, with reliability o < 0.05 for each of the
three test's variables (Kolmogorov Smirnov, Anderson-
Darling, Chi-Squared). Therefore, it presented the best
distribution that can be adopted in the Salah-Al-Din
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governorate.

. The most appropriate technique to represent the study area
is the LP IIl, based on all the statistical metrics that are
adopted. As a result, it is advised to estimate IDF
relationship parameters using this technique. Salah al-Din
governorate may adopt the suggested intensity-duration-
frequency relationships for design procedures; this
distribution is the most appropriate for the approved
frequency period compared to the Gumbel and LN
distributions, and this behavior in terms of statistical
distribution was also recommended by most previous
studies for areas similar to Salah al-Din governorate in
terms of climate and topography nature, which was adopted
in the current study. The validation process confirms that
the Bernard equation has the most accuracy in estimating
the rainfall intensity. So, it can be used to develop the
rainfall intensity in the study area.

6. The study proved the importance of the diagram and used
the new statistical approaches in evaluating and comparing
the performance of different models or datasets.

7. This study recommends the adoption of the empirical
equation for the intensity of rainfall in Salah Al-Din, which
will help choose the best pattern for projects using water
resources. This equation will serve as a reliable guide to
estimate the intensity of the rainfall for any given return
period over various durations.
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NOMENCLATURE

AD Anderson — Darling test.
A Anderson test value.

Cs Skewness Coefficient.

c Constant parameter.

d Time duration in (h).

e Constant parameter.

Ei The expected number.

F Cumulative Distribution.
APPENDIX

Ei
EM

Fxi)
Ha
HO

IDF
IMD
Kt
K-S
KGE
KGEss
LN

LP 11

NSE

Oi

Pave.

PCDT'T

Pt

P (29)
p-value

The expected number.

Expectation Maximization algorithm method.
Cumulative Distribution.

The theoretical cumulative probability.
Alternative Hypothesis.

Null Hypothesis.

Rainfall intensity.

Rainfall Intensity (mm/h) for each return period
M.

Intensity — Duration — Frequency.

Indian Meteorollogical Duration.

The Gumbel frequency factor.
Kolmogorov-Smirnov.

Kling-Gupta efficiency score.

Kling-Gupta efficiency skill score.

Log Normal.

Log Pearson type three.

Constant parameter.

The descending order of values for observed data.
Nash-Sutcliffe efficiency score.

The number of historical data points.

The observed data.

The error ratio in t-test.

Average of annual precipitation data.

Pearson correlation score.

Highest daily peak of annual precipitation (mm).
The required precipitation depth for a duration less
than 24 h in (mm).

Precipitation in (mm) for each return period in
(year).

Daily precipitation in (mm).

Pettitt test — value.

The correlation coefficient.

Relative Error score.

Standard deviation of precipitation data.

Return period in (year).

Time (minute).

The mean correlation coefficient.

Correlation coefficient.

Estimate value.

Gauge-based values.

Statistic value to fit data.

Tabular value in Kolmongorov-Simnrov test.

Table Al. Statistical scores used for deriving IDF formulas

Statistic Metrics Equations Range Optimal Value Ref.
Mean bias ratio Ratio = Z—; (29) Oto1 1 [20]
Pearson correlation (Pcorr) Poorr = ﬁ ?:1(%) (%) (30) -1tol 1 [20]

Z . 5
Bias Bias = X; - Y; (31) -0 to +oo 0 [21]

=R (Xi- y)?

Nash-Sutcliffe efficiency (NSE) NSE =1-— % (32) Otol 1 [20]
Kling-Gupta efficiency (KGE) KGE =1 - \/(1 - j_) +(1- 5_) fra-pz (D) “0to 1 1 [21]
Kling-Gupta efficiency skill score (KGEss) KGEss = Lj;m (34) ~oto | 1 [24]
Relative Error (RE) RE = (X215) + 100% (35) 30 t0 +o0 0 [26]
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