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Abstract. Climate change can change the Intensity-Duration-Frequency (IDF) curves.
This research study evaluates IDF curves changes of the Baghmalek climatic station in
the southwest of Iran. A developed integrated method extracted the IDF curves using
the Gumbel and log-Pearson III probability distributions and observed maximum annual
precipitations. Durations of these precipitations are 15, 30, 45 minutes and 1,2,3,6 and
12 hours. For this purpose, this method utilizes the recorded precipitation data of the
Baghmalek climatic station in a 40-year period (1974-2013). Then, mean square error
method determines the probability distribution that has the best �tting with this data.
The HadCM3 prepares precipitation data for a 30-year period (2021-2050) based on A1B,
B1, and A2 scenarios. In addition, this method selects an optimum arti�cial neural network
to extract maximum annual rainfall intensity for di�erent durations and scenarios. Then,
selected network and the chosen probability distribution produce IDF curves for di�erent
return periods and scenarios. Produced IDF curves for di�erent scenarios are compared to
IDF curves of a base time period. Because of increasing carbon dioxide and its greenhouse
e�ects in these scenarios, rainfall intensity will increase for return periods less than 2.33
years, while it will decrease for return periods more than 2.33 years.
© 2019 Sharif University of Technology. All rights reserved.

1. Introduction

In recent decades, high growth rate of population and
industrialization of human societies have increased the
concentration of greenhouse gases as dioxide carbon
in the atmosphere, which changed mean, maximum,
and minimum temperature as well as average annual
precipitation in di�erent countries. Because of special
weather conditions and large oil resources in the Middle
East, e�ects of climatic changes on these countries are
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greater than those on other countries are. For example,
Khuzestan province in the southwest of Iran has the
largest oil resources and steel industries available in
Iran. This province is Iran's industrial center. Because
of climatic changes in recent years, severe dust storms
often occur in this province. Intensity of these storms
is unprecedented, starting from 2006. Climatic changes
can a�ect hydrologic characteristics of di�erent water-
sheds; for example, IDF curves can change.

This research has three di�erent aspects (gen-
eration of IDF curves, use of General Circulation
Model (GCM), and investigation of e�ects of climatic
changes on IDF curves), while other researchers usually
consider one or two aspects in their studies. To
study IDF curves and use probability distributions or
empirical relationships for generation of these curves,
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the research studies such as: Garcia-Bartual and
Schneider [1] in Spain, Yu et al. [2] in Taiwan, Madsen
et al. [3] in Denmark, Agilan and Umamahesh [4] in
India, Huang et al. [5] in Malaysia, Fadhel et al. [6]
in England, and Bezak et al. [7] in Slovenia should
be consulted. Yu et al. [2] used scaling theory and
Gumbel probability distribution to generate regional
IDF formulas at 46 rain gauge stations of northern
Taiwan. They considered annual 1-day maximum
series for scaling theory. In their research, the study
area was divided into three homogenous regions. Their
results showed that the regional IDF scaling formulas
proposed suitable results in simulation and veri�cation.

Khan et al. [8] in Canada, Wang and Lau [9] in
United State of America (USA), Hashmi et al. [10] in
New Zealand, and Gulacha and Mulungu [11] in Tan-
zania utilized GCM and di�erent downscaling meth-
ods to predict future climatic data (such as rainfall,
temperature, etc.). Gulacha and Mulungu [11] utilized
the Statistical Down Scaling Model (SDSM) for down-
scaling of prepared data by GCM model in the Wami-
Ruvu River Basin. They considered the base time
period of 1961-1990 and used the HadCM3 to prepare
precipitation and temperature data in the 2020 s, 2050
s, and 2080 s based on B2 and A2 scenarios. They
showed that annual and monthly precipitation and
maximum temperature would increase and minimum
temperature would decrease or increase in the future.

In addition, Kuok et al. [12] in Malaysia, Mailhot
et al. [13] in Canada, Alam and Elshorbagy [14] in
Canada, Kuo et al. [15] in Canada, Lima et al. [16]
in Korea, Agilan and Umamahesh [17] in India, Si-
monovic et al. [18] in Canada, and DeGaetano and
Castellano [19] in U.S.A. applied GCM and di�erent
downscaling methods to generation of IDF curves.
Mailhot et al. [13] applied the Canadian Regional
Climate Model (CRCM) to evaluate e�ects of climatic
changes on IDF curves (from 2041 to 2070) in Southern
Quebec. The base time period of this research was
1961-1990. They considered annual maximum rainfall
data time series from May to October, and durations
of precipitation included 2, 6, 12, and 24 hours. They
showed that return periods of 2-, 6-, 12-, and 24-h
rainfall events (for constant rainfall intensity) would
decrease in the future.

This study develops a new integrated method
(using GCM model, RBF neural network, and di�erent
probability distributions) to generate IDF curves of
di�erent scenarios of climatic changes that may occur
in the future. For this purpose, this method utilized
generated data by a GCM and a RBF arti�cial neu-
ral network. The HadCM3 (Hadley Centre Coupled
Model, version 3) and RBF-ANN generate maximum
annual rainfall intensity for di�erent durations and
scenarios in the next years. At the end, a suitable
probability distribution (Gumbel probability distribu-

tion) produces IDF curves. Most research studies use
rainfall-runo� models to extract necessary information
from generated data by GCM; however, this study
utilizes a RBF-ANN for this purpose. This study takes
the following steps:

1. Preparation of precipitation data in a 40-year pe-
riod (1974-2013) and determination of IDF curves
using a suitable probability distribution;

2. Extraction of climatic data using HadCM3 model
for three scenarios (A1B, B1, and A2) in a 30-year
period (2021-2050);

3. Determination of maximum annual rainfall inten-
sity for di�erent durations and scenarios in the next
years (2021-2050) using extracted data by HadCM3
model and a suitable RBF ANN;

4. Determination of IDF curves of three scenarios
using selected probability distribution in step 1;

5. Comparison of IDF curves of three scenarios and
IDF of the base time period (1974-2013).

2. Materials and methods

2.1. Case study
The Baghmalek is a city in Khuzestan province, lo-
cated in southwestern part of Iran. The Baghmalek
watershed is a part of the Zard River watershed. The
Zard River is a tributary of the Jarahi River. The
Baghmalek watershed is located between 49�390 to
50�110 E longitude and 31�220 to 31�420 N latitude.
The area of this watershed is 884 km2. Maximum,
mean, and minimum heights of this watershed are
3303.3, 1197, and 391.7 m, respectively. Mean an-
nual temperature and precipitation rates are 27�and
450 mm, respectively. Figure 1 illustrates Baghmalek
watershed and its location in Khuzestan province, Iran.

2.2. Research methodology
2.2.1. The HadCM3 (Hadley centre Coupled Model,

version 3)
The HadCM3 is a coupled atmosphere-ocean general
circulation model (AOGCM). This model was devel-
oped at the Hadley Centre in the United Kingdom and
has two components (the atmospheric model HadAM3
and the ocean model HadOM3). The HadOM3 has
a sea ice model. In addition, this model does not
need to do 
ux adjustment to improve simulation. For
simulation, this model assumes that the number of
days in a year is 360 days (each month is 30 days).
Advantages of this model include high resolution of
HadOM3 and good coordination between HadOM3 and
HadAM3 [21-23].
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Figure 1. The Baghmalek watershed and its location in Khuzestan province, Iran [20].

2.2.2. The Special Report on Emissions Scenarios
(SRES)

The Intergovernmental Panel on Climate Change
(IPCC) published a report (SRES) in 2000. This
report described scenarios concerning greenhouse gas
emission. These scenarios can be used to predict
climatic changes in the future. In addition, IPCC
published the IPCC Third Assessment Report (TAR)
in 2001 and the IPCC Fourth Assessment Report
(AR4) in 2007. TAR and AR4 described four scenarios
(A1, A2, B1, and B2). In this research, three scenarios
have considered A1B, B1, and A2. The A1 scenario
family predicts the following:

1. A very rapid growth of economy in the future;
2. The peak of global population to occur in the mid-

century;
3. A decrease in population after the mid-century.

In this scenario, new and more e�cient technolo-
gies will develop very rapidly. Di�erences in the income
per capita between developed and developing countries
will reduce, and cultural and social interactions will
increase among di�erent regions of the world. The
A1 scenario family is divided into three groups, which
are dependent on technological change in the energy
system. The three A1 groups include fossil intensive
(A1FI), non-fossil energy sources (A1T), or a balance
across all sources (A1B).

The A2 scenario family predicts a very heteroge-
neous world. Characteristics of this scenario include
self-reliance and preservation of local identities. The

population is increasing continuously. Economic devel-
opment is not global and is di�erent in developed and
developing countries. Per capita economic growth and
technological change are more fragmented and slower
than other scenarios.

The B1 scenario family predicts a convergent
world. The peak of global population is in mid-
century and will decrease after the mid-century (as
the A1 scenario); however, with rapid changes will be
observed in economic structures toward a service and
information economy, a reduction in material intensity,
and application of clean and resource-e�cient technolo-
gies. The purpose of this scenario is to present global
solutions for economic, social, and environmental sus-
tainability, including improved equity, yet without
additional climate initiatives. The characteristics of
three scenarios are shown in Table 1.

2.2.3. RBF ANN
Radial base function network is a suitable ANN for su-
pervised learning problems as regression, classi�cation,
and time series prediction. This network has usually
three layers:

1. Input layer. In this layer, the number of nodes
is equal to that of datasets. Input layer in this
research has two nodes (annual precipitation depth
and mean annual temperature are data sets).

2. Hidden layer. In this layer, the optimum number
of nodes and its parameters must be determined
by trial-error method. This layer develops a
nonlinear adaptation between inputs and outputs
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Table 1. The characteristics of three scenarios A1B, B1, and A2 [24].

Characteristics 1990 A1B A2 B1
2020 2050 2100 2020 2050 2100 2020 2050 2100

Population
(billion)

5.3 7.4 8.7 7.1 8.2 11.3 15.1 7.6 8.7 7

Share of coal
in primary energy (%)

24 23 14 4 22 30 53 22 21 8

Share of zero carbon
in primary energy (%)

18 16 36 65 8 18 28 21 30 52

Carbon dioxide
(GtC/yr)

7.1 12.6 16.4 13.5 12.2 17.4 29.1 10.6 11.3 4.2

and converts nonlinear patterns to separable linear
patterns. This layer utilizes a nonlinear activation
function. This function is:

F (x) =
NX
i=1

wih(kx� uik); (1)

where N is the number of neurons in the hidden
layer, ui is the center vector for neuron i, and wi is
the weight of neuron i in the linear output neuron.

The radial basis function is commonly Gaus-
sian basis function.

h(kx� uik) = exp
��kx� uik2

�i

�
; (2)

where �i is the Kernel weight factor for neuron i.
3. Output layer. This layer produces a linear combi-

nation from wi. The number of the nodes is equal
to that of outputs of network. In this research, this
layer has one node (maximum intensity of rainfall
for each duration is output of ANN).

Figure 2 shows a RBF ANN and Figure 3 shows a

owchart of research methodology.

3. Results and discussion

Results of this study are stated in the following steps:

Figure 2. A radial base function arti�cial neural network
[25].

Step 1: Preparation of precipitation data in base
time period and determination of IDF curves using
a suitable probability distribution. Khuzestan Water
and Power Authority (KWPA) has recorded the depth
of occurred rainfalls in 15-minute time steps at the
Baghmalek climatic station. These rainfalls occurred in
a 40-year period (1974-2013). By using such recorded
data, maximum annual intensity of precipitation was
extracted for di�erent durations (15, 30, and 45 min-
utes and 1, 2, 3, 6, and 12 hours). Table 2 illustrates

Table 2. The minimum, mean and maximum values of maximum annual intensity of precipitation for di�erent durations.

Duration 15 min 30 min 45 min 1 hour 2 hours 3 hours 6 hours 12 hours
Min (mm/hr)

(year)
16.8

(2013)
8.4

(2004)
5.6

(2004)
5.1

(2004, 2013)
2.55

(2004)
1.7

(2004)
0.61

(2013)
0.7

(1999)

Mean (mm/hr) 133.35 68.89 49.7 37.62 23.09 14.14 4.9 3.06

Max (mm/hr)
(year)

583.20
(2010)

291.60
(2010)

194.53
(2010)

145.90
(2010)

73.05
(2010)

46.83
(1994)

20.48
(1994)

10.45
(1994)
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Figure 3. Flowchart of research methodology.

Table 3. Rainfall intensity (mm/hr) for di�erent durations and return periods (1974-2013).

Probability
distribution

Return
period (year)

Duration (min)
15 30 45 60 120 180 360 720

Gumbel
2 117.08 61.02 44.40 33.64 20.67 12.72 4.31 2.76

2.3 129.03 66.80 48.29 36.56 22.44 13.77 4.74 2.98
100 489.39 241.08 165.65 124.55 75.96 45.35 17.70 9.83

Log pearson III
2 53.81 31.63 23.87 18.18 11.20 6.92 2.37 1.62

2.3 113.47 73.47 77.93 51.92 34.16 18.76 6.18 2.76
100 420.39 189.16 121.79 96.36 58.36 35.99 12.27 7.85

Table 4. MSE (mm/hr)2 of Gumbel and log pearson III probability distributions.

Probability
distribution

Duration (min)
15 30 45 60 120 180 360 720

Gumbel 17.19 5.3 3.56 2.81 4.98 3.16 1.63 0.52
Log pearson III 18 7.91 4.9 4.02 4.01 2.68 1.56 0.61

the minimum, mean, and maximum values of maximum
annual intensity of precipitation.

To extract IDF curves and determine rainfall
intensity for each duration and return period, two
conventional probability distributions (Gumbel and log
pearson III) were tested by mean square error method.
MSE of these distributions was calculated for observed
data in the base time period (1974-2013). Table 3
shows calculated rainfall intensity by two probability
distributions for di�erent durations and return periods

in base time period. Table 4 shows MSE of calculated
values by two probability distributions.

For most of durations, MSE of the Gumbel proba-
bility distribution is lower than that of the log pearson
III probability distribution. Moreover, for durations
with low MSE of the log pearson III probability distri-
bution, the di�erence between MSE of this distribution
and MSE of the Gumbel probability distribution is
negligible. Therefore, to prepare IDF curves, the Gum-
bel probability distribution is a suitable distribution.
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Figure 4. Produced IDF curves using the Gumbel
probability distribution (1974-2013).

Therefore, this probability distribution uses production
of IDF curves from 1974 to 2013 (Figure 4).

Step 2: Training, validation, and testing of RBF
ANN and selection of its optimum parameters. For
selection of the optimum values of parameters (number
of nodes in hidden layer and the Kernel weight factor),
RBF ANN must be trained using observed data in base
time period (1974-2013). Annual precipitation depth
and mean annual temperature (2�40 = 80 inputs) were
introduced to ANN, and outputs included maximum
annual rainfall intensity of di�erent durations (40�8 =
320 outputs), calculated by ANN. Then, 70, 15 and 15
percents of data were applied to training, validation,
and testing of ANN, respectively. RBF ANNs with
di�erent number of nodes in hidden layer and the
Kernel weight factors were evaluated, whose results are
shown in Table 5.

The MSE changes of selected RBF ANN and
e�ects of changes of the number of nodes in hidden layer
and the Kernel weight factor on MSE are illustrated in
Figures 5 to 7.

Maximum annual rainfall intensity was calculated
by selected RBF ANN for di�erent durations (15,
30, and 45 minutes and 1, 2, 3, 6, and 12 hours) in
base time period. Table 6 shows the minimum, mean,
and maximum values of calculated maximum annual

Figure 5. E�ects of changes of the number of nodes in
hidden layer on MSE.

Figure 6. E�ects of changes of the Kernel weight factor
on MSE.

Figure 7. The MSE changes of selected RBF ANN.

rainfall intensity by selected RBF ANN for di�erent
durations.

Step 3: Climatic data extraction using the HadCM3
model for three scenarios (A1B, B1, and A2): In this
research, annual precipitation depth and mean annual
temperature have been extracted using the HadCM3

Table 5. The optimum values of parameters of RBF ANN for di�erent durations.

Durations (min) 15 30 45 60 120 180 360 720
Number of nodes
in hidden layer

100 99 99 100 100 100 100 100

The Kernel
weight factor

0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
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Table 6. The minimum, mean, and maximum values of maximum annual rainfall intensity for di�erent durations
(calculated by selected RBF ANN).

Duration 15 min 30 min 45 min 1 hour 2 hours 3 hours 6 hours 12 hours
Min (mm/hr)

(year)
17

(2013)
8.5

(2004)
5.3

(2004)
5.15

(2004, 2013)
2.3

(2004)
1.9

(2004)
0.7

(2013)
0.65

(1999)

Mean (mm/hr) 123.86 62.7 45.68 34.61 21.7 13.81 4.92 3.05

Max (mm/hr)
(year)

545.3
(2010)

323.5
(2010)

172.4
(2010)

165
(2010)

80.4
(2010)

45.1
(1994)

21.2
(1994)

12.14
(1994)

Table 7. The minimum, mean, and maximum values of
extracted annual precipitation depth and mean annual
temperature for three scenarios (2021-2050).

Scenarios A1B B1 A2

Annual precipitation
depth (mm)

Min 143.63 189.44 72.67
Mean 348.78 383.59 346.86
Max 575.75 621.16 589.84

Mean annual
temperature (�C)

Min 16.19 15.6 16.31
Mean 17.83 17.23 17.7
Max 19.57 18.75 19.01

model and the AR4(2007) assessment. The three
considered scenarios are B1, A2, and A1B. Annual
precipitation depth and mean annual temperature of
three scenarios are illustrated in Table 7.

Step 4: Determination of maximum annual rainfall
intensity for di�erent durations and scenarios in the
next years (2021-2050) using RBF ANN and deter-
mination of IDF curves of three scenarios using the
Gumbel probability distribution. IDFs of three scenarios
are illustrated in Table 8.

Step 5: Comparison of IDF curves of three scenar-
ios with IDF of the base time period. IDF curves of
three scenarios and the base time period have been
compared, and the results have been observed.

In comparison with IDF curves of the base time
period, Table 9 and Figures 8 to 10 illustrate that
rainfall intensity increases for di�erent durations and
scenarios (return periods less than 2.3 years), while it
decreases for di�erent durations and scenarios (return
periods more than 100 years). Due to increasing
greenhouse gases (especially dioxide carbon) in the
future, the number of regular rainfalls will increase and
the number of heavy rainfalls will decrease. This study
presents the reason for increasing rainfall intensity
of return periods less than 2.3 years and decreasing
rainfall intensity of return periods more than 2.3 years.

From 2021 to 2050, the volume of dioxide carbon

Figure 8. Comparison of rainfall intensity of three
scenarios and the base time period for di�erent durations
(return period 2 years).

Figure 9. Comparison of rainfall intensity of three
scenarios and the base time period for di�erent durations
(return periods 2.3 years).

Figure 10. Comparison of rainfall intensity of three
scenarios and the base time period for di�erent durations
(return periods 100 years).

of A1B is more than other scenarios. Therefore, for
di�erent return periods and durations, rainfall intensity
of A1B is higher than other scenarios, while rainfall
intensities of B1 and A2 are approximately equal.
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Table 8. IDF of A1B, B1, and A2 scenarios (2021-2050).

Return period (year) Scenario Duration (min)
15 30 45 60 120 180 360 720

2
A1B 161.38 82.58 58.61 44.51 25.49 17.21 5.29 3.22
B1 128.32 66.22 47.84 36.51 21.57 14.35 4.70 2.79
A2 137.97 70.62 49.74 37.84 21.68 14.69 4.90 3.10

2.3
A1B 167.43 85.42 60.47 45.86 26.08 17.71 5.41 3.27
B1 131.77 67.84 48.86 37.25 21.94 14.69 4.83 2.87
A2 141.33 72.14 50.66 38.49 21.93 14.94 5.00 3.14

5
A1B 187.91 95.05 66.77 50.42 28.07 19.40 5.81 3.41
B1 143.45 73.35 52.33 39.77 23.20 15.82 5.26 3.12
A2 152.70 77.27 53.76 40.67 22.79 15.78 5.34 3.31

10
A1B 210.58 105.71 73.75 55.48 30.28 21.28 6.26 3.57
B1 156.38 79.45 56.17 42.55 24.60 17.08 5.73 3.40
A2 165.30 82.96 57.20 43.09 23.74 16.71 5.71 3.50

25
A1B 237.01 118.13 81.88 61.37 32.85 23.47 6.78 3.75
B1 171.45 86.55 60.64 45.79 26.22 18.55 6.28 3.72
A2 179.98 89.59 61.20 45.91 24.85 17.80 6.14 3.71

50
A1B 256.65 127.36 87.92 65.75 34.76 25.09 7.17 3.89
B1 182.65 91.83 63.96 48.21 27.43 19.64 6.69 3.96
A2 190.89 94.52 64.18 48.00 25.67 18.61 6.47 3.87

100
A1B 276.10 136.50 93.91 70.09 36.66 26.70 7.55 4.02
B1 193.74 97.06 67.26 50.59 28.63 20.71 7.09 4.20
A2 201.70 99.40 67.12 50.08 26.49 19.41 6.78 4.03

Table 9. Maximum increase and decrease of rainfall intensity of three scenarios in comparison with that of rainfall
intensity of the base time period.

Scenario
Maximum increase (%) Maximum decrease (%)

Value
(%)

Duration
(min)

Return
period
(year)

Value
(%)

Duration
(min)

Return
period
(year)

A1B 37.84 15 2 59.04 720 100
B1 12.83 180 2 62.31 120 100
A2 17.84 15 2 65.13 120 100

4. Conclusion

This study employed developed integrated method for
producing IDF curves and evaluating e�ects of the
climatic changes on them. This method (1) prepared
precipitation data and extracted IDF curves for the
base time period by using the Gumbel probability
distribution, (2) prepared annual rainfall depth and
mean annual temperature using the HadCM3 model
for three scenarios of A1B, B1, and A2, (3) deter-

mined maximum annual rainfall intensity for di�erent
durations and scenarios using a RBF ANN (optimum
parameters of this network were determined by testing
di�erent parameters), (4) determined IDF curves of
three scenarios by the Gumbel probability distribution,
and (5) compared IDF curves of three scenarios and
IDF curves of the base time period.

With an increase in population number and in
volume of greenhouse gases as dioxide carbon, humidity
increases, thus increasing the number of regular rainfall
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and rainfall intensity for return periods less than 2.3
years. On the other hand, temperature increases, too.
The same phenomenon is the reason for a decrease in
the number of heavy rainfall and rainfall intensity for
return periods more than 2.3 years.

The maximum and minimum volumes of green-
house gases belong to A1B and B1 scenarios, respec-
tively (from 2021 to 2050). Therefore, the maximum
and minimum rainfall intensities for return periods
less than 2.3 years belong to A1b and B1, too.
By increasing temperature and volume of greenhouse
gases, the number and rainfall intensity of showers
increase, and duration of showers decreases. Therefore,
for return periods more than 2.3 years and durations
less than 60 minutes, the maximum and minimum
rainfall intensities belong to A1B and B1, respectively.
However, for durations more than 60 minutes, rainfall
intensities of three scenarios are approximately equal.

For di�erent scenarios, this study showed that
rainfall intensity would decrease for large return pe-
riods. Precipitations with great return periods are
an important resource of river water supply. The
Baghmalek climatic station is located in the Zard River
watershed. The Zard River is a tributary of the Jarahi
River. Therefore, the 
ow discharge of these rivers will
decrease in the future. Managers of water resources,
authorities of KWPA, and water engineers must mod-
ify water supply plans for drinkable, industrial, and
agricultural water demands.
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