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Objective: The primary aim of this study is to analyze the types of rainstorm events in East
Azerbaijan Province, Iran. Storm events were classified into four distinct classes, based on their
durations: less than 2 hours, 2 to 6 hours, 6 to 12 hours, and more than 12 hours. Events of the selected
sites were analyzed in three seasons, which are spring, autumn, and winter. Analysis was conducted
for each site separately for each class and season. In each site, the set of Huff curves was illustrated to
show the temporal distribution of dimensionless rain at the selected stations. Moreover, the pattern of
dimensionless rain was shown using the dimensionless hyetographs.

Methods: Using the measured data of rain storms during the time period of 2003-2018, in a one-
minute resolution, Huff curves were prepared for each site. This is accomplished after separating
events into the four distinct classes and each of the three rainy seasons (winter, autumn, and spring).
Firstly, cumulative rainfall events were shown at each site in a single diagram. Then they were
transformed into non-dimensional forms. The set of Huff curves in the selected sites was illustrated
using the two distinct approaches, which are empirical and theoretical methods. In the case of the
empirical method, data were sorted in descending order, and the Weibull plotting position was used to
find the empirical probability of events. In the second approach, all the datasets were fitted by the
most commonly used probability distributions. The most appropriate statistical distribution was
selected from the EasyFit software based on the chi-square test. The parameters of the fitted
distribution were estimated using the maximum likelihood method. The dimensionless depths of rains
were predicted using the quantile function of the fitted distribution. To do these nine probabilities,
which are 0.1, 0.2, ..., and 0.9, were used. Then, according to the median Huff curve, the design
hyetographs were plotted for each case. These plots were shown in this paper, too, for the stations. To
detect the type of storms, the median Huff curve was modeled using the Curve Expert software. The
area under the median Huff curves in the four quartiles was estimated by definite integration. The
quartile having the largest area under the curve was determined as the type of storm.

Results: Two sets of plots are the most prominent findings of this research, which are i) the set of
Huff curves for the stations in different seasons based on storm durations, and ii) the set of storm
design hyetographs for the mentioned cases. Results showed that the set of Huff curves started from
the origin and ended at the last point, coordinate (100,100). These curves never cross each other
except at the two mentioned points. They are strictly upward. In spring, the rainfall type of all the
stations was found to be the third quartile. In autumn, the type of storms in the stations, namely
Maragheh, Bonab, Sarab, and Malekan, was in the third quartile, too. In the case of the station Tabriz,
the type of rain was in the fourth quartile in spring. However, in the station Ajabshir, it was the second
quartile in the spring. In winter, the type of rains in the stations, namely Maragheh and Bonab, are the
third quartile; however, in the stations Tabriz and Malekan they were the fourth quartile, and in the
station Sarab it was the second quartile, in winter season. In other words, the rainfall types of the
region (East Azarbayejan province) can be suggested to be the third quartile in spring, and generally
the third quartile in autumn, and the combinations of the second, third, and fourth quartiles in winter
seasons.

Conclusions: According to the plotted Huff curves in the selected sites in East-Azarbayejan, it can be
concluded that the form of the curves in different sites is different from each other. The plotted curves
are not the same in different seasons, even for a given station. Also, the forms of the curves are not
similar to each other in different classes according to the rainfall durations
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Introduction

Understanding of rain storm patterns is crucial from the view of urban storm runoff drainage, collection of
rainwater to use in gardening and agriculture, and so on. Nowadays, many researchers use the set of Huff curves
(nine curves) to show the storm rain pattern in the stations. These curves vary from site to site and from season
to season. Also, these curves vary in form by storm duration at a single site. Therefore, plotting the set of Huff
curves for a given station is recommended to be done for different seasons and different classes of storm
durations. Many investigators plotted Huff curves in different stations in different countries. Among them, it can
be referred to the works of Pan et al. (2017) worked in China, Huff (1990) in Illinois, Ewea et al. (2016) in
Makkeh, and Azli, M. & Rao, R. (2010) in Malaysia. Design hyetographs can be deduced from the median Huff
curve. Several studies presented the mentioned hyetographs for different stations around the world. Among
them, it can be pointed out that the studies of Bustami et al. (2012) in the southern region of Sarawak, Malaysia,
Kottegoda et al. (2014), Lee and Ho (2008) in Taiwan, Liao et al. (2019 and 2021), Dolsak et al. (2016),
Wartalska et al. (2020), and many others.

Huff (1967) researched the time distribution of rainfall in heavy storms in the USA. Terranova and laquinta
(2011) investigated the temporal properties of rainfall events in Calabria (Southern Italy). Huff (1967) presented
a detailed study on the time distribution of rainfall in heavy storms that occurred in the USA. Gordji et al. (2020)
investigated the climate-related trends of within-storm intensities using dimensionless temporal storm
distributions.

In Iran, different studies on storm rainfall patterns have been carried out in recent decades. For example,
Dinpashoh and Alavi (2024) studied plotting Huff curves for the four stations in the Great Karun River in
Khuzestan province, Iran. In a similar study conducted by Dinpashoh and Vakili Azar (2019), temporal analysis
of storms was conducted in the East of Urmia Lake using the Huff curves. Vakili Azar and Dinpazhoh Y (2019)
studied on development of Huff curves for the five selected stations in the east of Urmia Lake.

The aims of this study are i) plotting Huff curves in the six selected sites of East Azarbayejan province, Iran,
ii) plotting design hyetographs resulting from the median Huff curves, iii) finding the type of rain storms using
the quartile method.

Materials and Methods

The data used in this study are the 1-minute resolution rainfall events that occurred in the statistical period of
2003-2018. Data were classified into the four distinct classes according to the storm durations. Analysis was
performed for each of the rainy seasons separately. All the stations had at least 10 years of storm event-based
data. The criteria used here for rain storm events are i) having at least 3 mm for the storm depth, ii) having at
least 20 minutes of rainfall duration. Consecutive rainfall events that had more than two hours between the end
of the first rainfall and the beginning of the next one were combined as separate events here. Otherwise, these
two rainfall events are combined and considered as a single event. To plot the set of Huff curves, in a given
station, the following discipline was used. For a single event, the data were transformed to the nondimensional
form. To do this, in each event, partial rainfall depths were divided by the total rainfall depth. Similarly, in the
same event, incremented time of rain was divided by the total event duration. For all the events in a given
station, this practice was iterated. The values of partial rain depths received in the nine partial times (i.e., 10, 20,
and..., 90%) are interpolated for a single event. This is iterated for all the N events on the site. Therefore, the N
value of dimensionless rain depths in the site was obtained for each of the nine partial time rain events. These N
values were used to find the rain depths corresponding to the nine probabilities, which are 0.1, 0.2, ..., and 0.9.
Here, two approaches were used. The first one is sorting the data in ascending order and using the Weibull
plotting position. The second one is fitting distributions for the mentioned n values. In this regard, nine
distributions with their parameters selected for each of the nine dimensionless times. In this way, we estimated
81 quantiles for nine dimensionless times by nine probabilities. In addition, two other points, which are (0,0) and
(100, 100), i.e., starting point and ending point of the curves considered. Totally 83 points are used here for
plotting the set of Huff curves in a given site. The first decile for the nine dimensionless times was considered.
The first point has an ordinate of (0,0) connected to the second one, by ordinate of (10%, Q1) via a segment line.
Similarly, the second point is connected to the third one with ordinate of (20%, Q1), and so on. In this way, 10
segmented lines are connected using 11 points, and the first curve (10% probability) is created. To plot the 20%
probability Huff curve, the second decile of the nine dimensionless times was considered. In the same way, the
first point (0,0) is connected to the second one, i.e., (10%, Q2). Similarly, the second point connected to the third
(20%, Q2), and so on. In this way, the second curve (20% probability) was created. In the same fashion, all nine
Huff curves are plotted in the same diagram for a given site. The 50% probability curve is called the median
Huff curve. We used the median Huff curve for estimating partial dimensionless rain depths in the nine
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dimensionless times, which are 10%, 20%, ..., and 90%, respectively. Plotting the partial dimensionless rainfall
depths versus the dimensionless times with a histogram yields the rainfall dimensionless rain hyetograph. These
plots are illustrated and shown in the paper for all the selected sites. Many sets of Huff curves for the stations
were illustrated and shown here for different seasons and rainfall duration classes. Finally, the type of rain
storms was detected here by definite integration of the mathematical function of the site median Huff curve. This
practice was repeated for all four quartiles in the station. The quartile having the largest value of integral value
was considered to be the dominant quartile type of the station.

Results

The set of Huff curves plotted using the empirical method for the representative station in two distinct seasons
and all the other sites is shown in Figures 4 and 5, respectively. Moreover, Figures 6 and 7 show similar curves
for the same stations using the theoretical approach for the two representative stations and all the other sites,
respectively. Figure 8 shows the plotted design hyetographs from the median Huff curve of the stations for all
the stations using the theoretical method.

Results showed that in the East Azarbayejan province, the spring storm types are generally in the third
quartile. In Autumn, four stations had the third-quartile storm pattern. The names of the mentioned four stations
are Maragheh, Bonab, Sarab, and Malekan. On the other hand, in winter, Tabriz station storm type is recognized
to be the fourth quartile. In winter, Ajabshir station storm types are recognized as the second quartile. Results
indicated that Maragheh and Bonab stations' storms in the winter season had the third-quartile type. In winter,
Tabriz and Malekan stations had the fourth quartile type; however, Sarab station showed a second quartile type
of storms.

Conclusion

The results showed that the Huff curves of the selected stations are different from each other. As a result, the
time distribution of dimensionless rainfall events is different from each other. The plotted Huff curves and
design hyetographs can be used in the direction of optimum water use in East-Azarbayejan province, Iran.
Conducting a similar study for other provinces of Iran is strongly recommended.

Keywords: Rainstorm Type, Huff Curves, East Azarbayejan Province, Design Hyetograph.
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