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Table 1. Instantaneous maximum discharge values in different return periods (year) of hydrometery stations, Ardabil province
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Fig 2. The confidence limit of observed and estimated instantaneous maximum discharge values using appropriate statistical distribution
in Kozetopraghi hydrometery station
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Fig 3. The distribution classes of observed and estimated instantaneous maximum discharge values using appropriate statistical
distribution in Kozetopraghi hydrometery station
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Fig 4. Spatial correlation values of instantaneous maximum discharge in different return periods in hydrometery stations of Ardabil
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Table 2. The results of spatial correlation assessment of flood occurrence in different return periods, Ardabil province
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Abstract

Mapping the patterns of spatial distribution and
determining the trend of spatial changes in
environmental data is very important. In this
regard, the current research is planned with the aim
of determining the spatial correlation and
occurrence pattern of the instantaneous maximum
discharge data in Ardabil province in different
return periods using Moran's index. The flood
discharge values were calculated using CumFreq
software at different river gauge stations in 5, 10,
25 and 50 years return periods. Spatial correlation
was calculated through the Global Moran's | index,
and then the cluster occurrence pattern of floods
was determined using Anselin Local Moran |
index. Based on the results, the values of Global
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Moran's | index have been calculated as 0.168,
0.201, 0.268, 0.115 in 5, 10, 25, and 50 years
return periods, respectively. The least spatial
correlation was observed in the 50-year return
period and the highest spatial correlation was
observed in the 25-year return period. A high-high
(HH) cluster pattern was observed in Gilandeh and
Pol-Almas stations. On the other hand, some river
gauge stations of the Sablan mountain range and
the northeastern area of Ardabil province had not
significant z-statistic values, which means there is
no cluster pattern in the data of the mentioned
stations with the neighboring stations. As a
concluding remark, it can be said that the
difference in the clustering pattern of instantaneous
maximum discharge is related to different climatic
conditions, topography and the difference in the
causes of flooding in the watersheds. Studying the
spatial pattern changes and trends of flood-
generating precipitation characteristics (intensity,
duration, frequency) and evaluating the impact of
land use changes and encroachment on river
riparian zones are proposed research avenues.
Some floods occur due to changes in precipitation
characteristics resulting from the intensification of
extreme events and climate change. Therefore,
assessing the pattern of precipitation occurrence
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and the conditions affecting flood intensification
necessitates a more comprehensive evaluation.

Extended Abstract

Statement of the Problem: Mapping spatial
distribution patterns and determining the trend of
spatial changes of environmental data is of great
importance. It is necessary to understand the
spatial and temporal features of flood in order to
understand the mechanisms of flood occurrence
and as a result to estimate and predict it more
accurately in different spatial and temporal scales.
The occurrence of floods can be caused by various
processes in the watershed ecosystem. The most
common natural cause of flooding is heavy rain,
snow melting, or precipitation in wet soil
conditions. Therefore, based on the time or season
of flood occurrence, it is possible to determine the
hydrological characteristics that are involved in the
occurrence of floods. Since rainfall occurrence
patterns and hydrological processes have specific
spatial patterns, high river flows resulting from
these processes will also have a spatial distribution.
Especially, the spatial pattern of maximum flood in
different return periods caused by a single storm
event in a region usually have spatial dependence.
In other words, when a flood occurs in a certain
area, it is likely that in neighboring areas as a result
of the same rainfall, peak flows will also occur,
which indicates spatial correlation. Moran's index
describes and quantifies the similarity between
locations as a function of distance, and makes it
possible to assess the spatial correlation between
variables through lags with different distances.
Flow dynamics and watershed characteristics are
also known as drivers of flood behavior. The
occurrence and intensity of severe climatic and
hydrological events as an indicator of climate
change are increasing in most arid and semi-arid
regions, including Ardabil province in Iran.

Purpose: It should be mentioned that important
floods occur every year in different parts of
Ardabil province, and due to the topographical and
climatic diversity, it is expected that the occurrence
of floods will have different patterns and it is
necessary to investigate and study more. In this
regard, the present research is planned with the aim
of determining the spatial correlation and
occurrence pattern of the instantaneous maximum

discharge data in Ardabil province in different
return periods using Moran's index.

Methodology: The present study was conducted to
investigate the patterns of spatial changes of flood
occurrence in different return periods in the river
gauge stations of Ardabil province. In order to
achieve the objectives of the research, the data of
the maximum instantaneous discharge in all river
gauge stations of Ardabil province were obtained
from the regional water company. After checking
the data and ensuring the accuracy of the obtained
hydrological data, 32 stations were selected for
further analysis. In the next step, maximum
instantaneous discharge in 5, 10, 25, and 50 years
return periods were calculated using CumFreq
software. After fitting the statistical distributions,
based on the goodness of fit index, the appropriate
distribution for the data of each selected station
and the flow rates with different return periods
were calculated using Cumfreq software. Then, the
pattern of spatial changes of instantaneous
maximum discharge in different return periods (5,
10, 25 and 50 years) in Ardabil province was also
mapped using inverse distance weighting (IDW)
method in GIS. Spatial autocorrelation of
instantaneous maximum discharge was also
investigated using the Global Moran | index and
their clustering pattern was also investigated using
the Anselin Local Moran | index.

Results and discussion: The results showed that
the Boran station had the highest instantaneous
maximum discharge in different return periods.
The lowest values of maximum instantaneous
discharge for 5-year return period is belong to the
Viladargh station with a value of 1.09 cms. In the
10, 25 and 50 years return periods, the lowest
instantaneous maximum discharge was obtained
for the Neor station having 1.78, 2.42 and 2.97
cms, respectively. Suitable statistical distribution
was determined in all stations. As an example, the
generalized Dagum distribution was used to
calculate the instantaneous maximum discharge
values in different return periods in Kozetopraghi
river gauge station. Based on the results, the values
of Global Moran’s index have been calculated as
0.168, 0.201, 0.268, 0.115 in the 5, 10, 25 and 50
years return periods, respectively. The least spatial
correlation was observed in the 50-year return
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period and the highest spatial correlation was
observed in the 25-year return period. A high-high
(HH) cluster pattern was observed in Gilandeh and
Pol-Almas stations. On the other hand, some river
gauge stations of the Sablan mountainous slopes
and the northeastern area of Ardabil province have
insignificant z-statistic values, which means there
is no cluster pattern in the flood values with the
neighboring stations.

Conclusion: The Dostbeiglou, Moshiran and
Samian river gauge stations have faced more
severe floods during most of return periods. Also,
discharge values were high in different return
periods related to river gauge stations of Abgarm,
Ahl-Iman, Kozetoparaghi and Firozabad. The
reason for high flooding in the mentioned areas is
the diverse topography of the upstream area, which
has the higher runoff generation potential. Based
on the Global Moran index values in different
return periods, the highest value of spatial
correlation has been observed in 25-year return
period. It should be noted that the occurrence of
floods in the mentioned return period is caused by
heavy rains that can occur in many areas
simultaneously. In the low return periods (5 years),
the flood discharge values may be affected by
rainfall on a local scale, and on the other hand, in
the high return period (50 years), the occurrence of
flood events will be different in the study area,
therefore, the Global Moran index values will
decrease. In general, it can be said that the
difference in the clustering pattern of floof events
is related to different climatic conditions,
topography, and the difference in factors causing
floods in the study area. It should be mentioned
that there are many other factors that are effective
in the flooding pattern, such as the occurrence of
heavy rainstorms, which should be taken into
account in the comprehensive evaluation of
flooding. According to the results, the areas
located in the center of the clusters can be
prioritized for management measures as areas

prone to flood damage. Therefore, it is possible to
prioritize vegetation protection measures and
implementation of  watershed  management
measured in the upland watersgeds. Also,
additional studies in order to assess the damage
caused by flood can be effective in preparing a
management plan and reducing the damage caused
by flood. Flooding is the result of various factors
that are aggravated by numerous human
interventions. In this regard, the study of the
change of the spatial pattern and the trend of the
characteristics of flood-producing rainstorms
(intensity, duration, frequency), the evaluation of
the land use change and occupation of floodplains
can be recommended in future studies. It should be
noted that the occurrence of floods is a result of
changes in rainfall characteristics, which happened
due to the intensification of extreme events and
climate change. Therefore, the evaluation of the
pattern of precipitation and the conditions affecting
the intensification of floods requires a more
comprehensive evaluation. Understanding the
seasonal occurrence of floods and, as a result, the
most probable flood production processes can
provide the basis for identifying homogeneous
areas in terms of flooding. Determining the spatial
distribution of flood occurrences and their spatial
correlation can be used in the analysis of regional
flood frequency, analysis of flood frequency
distributions, and identification of changes in flood
discharges. Understanding regional differences in
flood generation mechanisms can be used to
analyze historical floods and reduce uncertainty in
future flood estimates. In addition, developing a
flood management and control plan by considering
the spatial distribution and correlation of the
occurrence of severe floods can be effective in
reducing the damages caused by sever floods.

Keywords: Clustering, Flood intensity, Moran's |
statistic, Spatial distribution pattern, Spatial
information system
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