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Abstract: Extreme weather, by definition, is any unexpected, unusual, unpredictable, severe or
unseasonal weather condition. A rainfall event that is considered normal in one region may
be considered a torrent in a dry region and may cause flash flooding. Therefore, appropriate
weather warnings need to be issued with respect to areas with different climates. Additionally,
these alerts should be easy to understand—by clear classification—in order to apply reinforcements.
Early warning levels not only depend on the intensity and duration of rainfall events, but also on the
initial water stress conditions, land cover situations and degree of urbanization. This research has
focused on defining different warning levels in northwest Iran using long-term precipitation data
from 87 weather stations well distributed across the study area. Here, in order to determine alert
levels, TOPSIS (The Order of Preference by Similarity to Ideal Solution), as one of the most common
methods in multi-criteria decision making, has been used. Results show that five main levels of
alerts can be derived, leading to the provision of spatial maps. Further, it can be deduced that these
levels are highly associated to the location of a region at different times: months/seasons. It has been
observed that the issuance of a warning for precipitation should correspond with the location and
time. At one location during different seasons, different alert levels would be raised corresponding to
the rainfall. It was also concluded that using of fixed alert levels and extending them to larger areas
without considering the seasons could be grossly misleading.
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1. Introduction

Extreme weather events affect many human activities such as the agriculture and horticulture
industries, tourism and transportation. From a climate point of view, some events are unexpected
and incompatible with the climate conditions of the region; these are considered extreme events.
Although extreme events occur rarely, they directly impact on people and vulnerable regions [1].
Extreme temperature and precipitation conditions are the major factors of weather events. Therefore,
investigation of extreme climate events is necessary [2]. Numerous extreme weather events such as
drought, typhoon and flood have occurred throughout the world and the frequency of events is still
rising [3]. From a statistical point of view, quantity of these events placed in the upper and lower
of statistical distribution [4]. The occurrence of extreme weather and climate is closely monitored
because of the destruction it has caused in the past few years: the loss of human life and the associated
cost impact [5]. Such events affect society, the economy and the environment [6]. Besides, social and
environmental impacts of extreme events are high on a local scale and can have a significant effect
on specific sectors and regions. The trend of extreme climate indexes based on daily time series of
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temperature and precipitation according to observations of more than 100 weather stations in Europe
shows that although the average extreme wet index increased between the years 1946 to 1999, this
trend has not been significant [7]. Data from the stations in the northwest region of Iran in the period
of 2011-2040 were compared with the period of 1961-1990. This comparison shows that increases
in temperature and rainfall fluctuations have increased. The extreme precipitation index in most
stations has indicated an increase in the number of heavy rainfall days. It confirms increased rainfall
fluctuations and extreme events. Some scientists have related extreme events to global warming caused
by recent human interference [8]. It is predicted that the risks will increase in the future [9].

Alerts and warnings of heavy rain must be classified because operation forces and people need to
know how to react to each condition and respond appropriately. Prediction of rainfall impacts is very
necessary for crisis management. There are several methods to determine the alert levels such as fixed
amount, top ten percent of data and other statistical methods. Determining the alert levels and their
colors is common practice but the methods used to calculate alert level are different. Each method has
its advantages and disadvantages. In this paper, the TOPSIS method was suggested to calculate the
alert levels.

There are several methods to predict rainfall-runoff. Groundwater level fluctuations are simulated
using dendrochronology (tree-rings) and artificial neural network (ANN) to predict drought [10].
Rainfall-runoff modeling was improved in many researches [11-15]. In this study, alert levels for
rainfall are calculated without involving any complex aspects.

The fixed extreme precipitation indexes are defined by the working group ETCCDI (the Expert
Team on Climate Change Detection Indices). Heavy precipitation is classified equally or more than
10 mm; overly heavy precipitation as equal or more than 20 mm; and very intense precipitation as
equal or more than 25 mm, according to this classification [7]. Four alert levels (green, yellow, orange
and red) have been classified in the UK Meteorological Office [16]. Three alert levels (yellow, orange
and red) have been used in the meteorology of Ireland [17]. Both countries have classifications based
on fixed thresholds. However, these criteria cannot be applied in all areas. These classifications have
not considered the climate conditions of the study region. For example, 20 mm of precipitation which
is considered very heavy precipitation in the fixed classification, is a normal level of rainfall in high
humidity climates. It is therefore important to utilize various methods to determine the alert levels in
a given area.

Another definition of extreme events is unusual and severe events that do not match with seasonal
events. Extreme events are extracted from historical data distribution [18] and are determined from
weather data in each area. By definition, the top ten percent of statistical data are the threshold
for issuing the warning [19]. Often, the top ten percent of the defined values are unusual [20].
Different colors are introduced and used for each event type in National Oceanic and Atmospheric
Administration (NOAA) [21]. For example, six colors are used for convective phenomena such as
tornadoes; nine colors for hydrological phenomena such as flood; and fifteen colors for non-convective
phenomena such as strong winds, dust and ice.

This paper aims to determine alert levels based on long-term precipitation amount and its
frequency in a region. The TOPSIS method has been used to calculate and determine alert levels.
It seems better than the top ten percent of data. Because TOPSIS is a multi-criteria decision analysis
method, we can use many parameters to reach a decision. In this paper, precipitation amount and
frequency are used as TOPSIS parameters. Heavy rainfall events usually cause flooding and many
parameters are involved in the identification of a flood such as land cover, topography, soil penetration
and so on. Although the classification of heavy rainfall events without considering flooding is the aim
of this study, the TOPSIS method allows other parameters to be added in addition to the rainfall amount
and frequency; this capability can be used in future researches. The TOPSIS method presents results by
using positive and negative values. It also presents several variables that make the decision-making
process easier and faster than other methods, such as AHP (Analytic Hierarchy Process) [22], FDAHP
(fuzzy Delphi analytic hierarchy process) and SAW (Simple Additive Weighting method) [23].
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Weather alerts and warnings should be easy to understand for the general public and appropriate
for the climate conditions of the region. Clear and definitive alert levels that are intuitive for the
decision makers as well as the general public can significantly reduce the damage caused by extreme
events by providing vital information that allows for appropriate preparation.

Finally, different alert levels are suggested in the region of study based on the months and seasons.
Warning levels and corresponding colors have been calculated in five different levels for northwest
Iran by the TOPSIS statistical method. It was carried out for 87 meteorological stations in all the
months and seasons. Alert maps were generated using the kriging interpolation method for five alert
levels in northwest Iran for all months and seasons. These maps help crisis management to make best
decision. According to the results of this research, in a specific area, warning issuance depends on the
amount of precipitation and the season. The TOPSIS method is suggested because it can be improved
by adding more parameters that have an effect on floods. The alert levels correspond with floods.

2. Materials and Methods

Northwest Iran includes East Azarbayjan, West Azarbayjan, Ardebil and Zanjan provinces.
This area is 127,394 km? and covers approximately 7.7 percent of the country. The study area is located
between latitudes 35°32'54"” N to 39°46/36” N and longitudes 44°2'5"” E to 49°26'27" E. In total, there
were 87 stations which measured rainfall, including rain gauges, climatology and synoptic stations.
On average, the stations are located at about 1830 m above sea level. The highest altitude is 4500 m
above sea level. The altitude of 4.32% of the area is between 1600 to 2000 m. The daily rainfall
data from 87 meteorological stations have been used to classify the alert levels during the statistical
period of 1986-2015. Weather stations location, provinces and annual precipitation are shown in
Figure 1. Annual precipitation increases from northeast to southeast in this area. In spite of what
was expected, maximum rainfall does not occur at the highest locations of this area. In addition,
spatial variations of precipitation are too great. Southwest parts receive the maximum precipitation.
Maximum precipitation occurs in early December but it occurs in late December and early January
in the Southern half is [24]. Statistical characteristics of the precipitation variables of the stations are
shown in Table 1.

Table 1. Statistical characteristics of the precipitation variables in northwest Iran (87 stations).

Variables Mean Standard Deviation Maximum Minimum
Annual precipitation (mm) 327.86 81.25 727.41 212.07
Winter precipitation (mm) 92.56 42.74 313.20 40.86
Spring precipitation (mm) 125.62 18.13 198.21 94.79
Summer precipitation (mm) 20.95 16.03 109.40 3.90
Autumn precipitation (mm) 88.73 28.14 211.48 49.31

Several statistical tests have been developed that allow the detection of inhomogeneity. Some
depend on the metadata [25,26] and the others use these data as additional information when the
station history is poorly documented or missing [27,28]. The Kolmogorov-Smirnov test [29] is used
to decide whether a sample comes from a population with a specific distribution. There were only
small differences between the various test-statistics [27]. Kolmogorov—-Smirnov and Run tests have
been recommended to evaluate rainfall quality and homogeneity [30-32]. Therefore, the quality and
homogeneity of daily data were controlled by the Run test and Kolmogorov-Smirnov test.
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Figure 1. Network stations in northwest Iran and provinces.

TOPSIS is a multi-criteria decision analysis method, which was originally developed by Hwang
and Yoon in 1981 [33] with further developments by Yoon in 1987 [34] and Hwang, Lai and Liu in
1993 [35]. This method is recommended by researchers and users in different scientific fields [36,37].

This statistical method is based on the concept that the chosen alternative should have the shortest
geometric distance from the positive ideal solution (PIS) and the longest geometric distance from
the negative ideal solution (NIS) [38]. Options are ranked based on similarity to an ideal solution,
therefore the option that is closer to an ideal solution gets the higher rank. This method of decision
analysis has a strong mathematical background. Thus, understanding and compliance of assumptions
are very important [39]. Conditions, rules validity and formula [40] will determine the accuracy of the
results [41]. It is suggested to use this method only when there is an adequate number of criteria to
make a decision on a subject [42]. Data are independent and their increase or decrease is uniform due
to the TOPSIS hypothesis [43].

The infrastructure, economy and livelihood of the people of any given region, including road and
bridge construction, industry, and agriculture are formed in accordance with the climate of that region.
The details of street channels, roofs of buildings, and type of cultivation are related to climate data.
The event frequency is assumed to be a parameter that influences the shape and type of infrastructures
and human activities. It means that normal climate in an area is defined as the events that happen
most frequently and are repeated frequently over a long period of time. Therefore, the amount of
rainfall and frequency were selected as criteria for TOPSIS in this study. TOPSIS is deployed in seven
steps as described below:

Step One: An evaluation matrix is created. It consists of m alternatives and # criteria. Therefore,
we have a (x;;), . matrix. Amount of precipitation and frequency over 24 hours are known criteria
(n), and non-repeating precipitation data at 1 mm intervals at every station are alternatives ().
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Step Two: The matrix (x;) _ is then normalized to form the matrix (r;;) _ , using the
normalization method in Equation (1). [44]
Xij . .
= ——,i=12,....,m,j=12,.,n 1

7’,']
m
xoxif?
\ i

Step Three: Weighting coefficients are calculated. The weighting matrix of the decision is
calculated by Equation (2).

W, n
T:(tij>m><n:<wjrij>m><n’l:1’2"""m wj = — ,j=12,...,n ijzl (2)
Z W] j=1
=1

and W; is the original weight given to the indicator v;,j = 1,2,... ., n.

Additionally, weighting can be considered without calculation by expert opinion. There are many
methods to calculate the weighting matrix such as the entropy method [45]. In this paper, the same
weighting for the amount of precipitation and frequency was assumed because two parameters are
used as criteria (n). The entropy method is usually used in the case of more than two parameters.

Step Four: Calculate the worst A, and best A; alternative.

Ay = {<max(t,-]-|i =1,2,..,mjje]-), <min(ti]-|i =12 mjjefy)} = {tw]-\i =12.,n} (3

Ay = {(min(t;li = 1,2,..,m|j € ] ), (max(tjli = 1,2,..,m|j € [+ )} = {thj|j - 1,2,...,n} )

where J; = {j=1,2,..,n|j} is associated with the criteria having a positive impact, and |- =
{j=1,2,..,n|j} is associated with the criteria having a negative impact. In this article, precipitation
has a negative impact and frequency has a positive impact. In other words, if the precipitation is more
and frequency is less, the condition will be worse. If the precipitation is less and frequency is more,

the condition will be better. Ay, is the worst alternative which has the highest precipitation and lowest
frequency. Ay is the best alternative which has the lowest precipitation and most frequency. The worst
cases are considered because of alert levels determination.

Step Five: Determine each alternative distance to the best and the worst alternative. The distance
between the target alternative i and the worst condition A, is calculated by

©)
(6)
Step Six: Similarity to the worst condition is calculated by
Siw:%/Ogsiwglrizlzllzl-"rm (7)
(diwo + dip)

siw = 1, if and only if the alternative solution has the best condition
siw = 0, if and only if the alternative solution has the worst condition

Step Seven: Alternatives are evaluated and ranked as s;,,(i = 1,2, ...,m)
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Therefore, each precipitation value has a unique rank. Precipitation is associated with s;;, = 0
which has the highest rank and precipitation is associated with s;;, = 1 which has the lowest rank.

All these steps were implemented in 87 stations for all months, seasons and years. At the end,
each station and timeframe was ranked. The ranks were sorted in descending order. Precipitations
corresponding with respective ranks were identified. The kriging method was used to interpolate the
results. There are many spatial analyses to interpolate data. IDW (Inverse Distance Weighted), Spline
and kriging were compared in the study area by Faraji and Azizi [46]. They found that the results of
the kriging method were better than the other methods.

3. Results and Discussion

The model implemented in this article is based on the assumption that rare and unusual rainfall
events in a certain geographic area occur infrequently and in high amounts.

The highest rank and 5%, 10%, 15%, and 20% of the highest rank of results were selected. By doing
this, five alert levels were determined. Rainfalls were identified with respect to these ranks for each
station. The results varied for each station and in order to make a decision on the alert level at monthly
and seasonal levels, interpolated maps using the kriging method were produced. In these maps,
different cities and areas were shown with rainfalls corresponding to the alert levels at the given
timeframe. According to the calculations, five alert levels were determined as follows:

3.1. Level 1—Purple Status: The First Level of Warning

This is the highest alert level. This condition means that the worst ideal alternative has happened.
It means that the amount of precipitation is equal to or more than the highest value recorded in the
climate period in each station. If the forecast is close to the zoning of this alert level in any month
or time, then the region will experience dangerous conditions. It requires immediate action by the
crisis management team and public services. Figure 2 shows the corresponding rainfall alert status by
purple zoning for the seasons.

B -2
>

Figure 2. The first level of warning (purple status) in northwest Iran in different seasons.

Rainfall values vary in alert level 1 (purple) as shown in Figure 2. They depend on location and
season. For example, if precipitation prediction indicates between 18 and 28 millimeters of rainfall,
then alert level 1 (purple) should be issued in the summer of the southern part of the West Azarbayjan
and Zanjan provinces. However, the same alert should only be issued when precipitation reaches more
than 114 millimeters in the winter of the southern part of the West Azarbayjan province. The same
applies to other regions and seasons.
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3.2. Level 2—Red Status: The Second Level of Warning

This is when rainfall corresponds to the top 5 percent of the TOPSIS ranking. Zoning for this alert
level is done for all cities. If rainfall prediction is close to these zoning values, then alert level 2 (red)
should be issued. Zoning corresponding to the precipitation of alert level 2 (red) is shown in Figure 3.
As an example, in the summer of north Azarbayjan and Ardebil provinces, rainfalls between 24 and
31 mm will result in the issuance of alert level 2 (red) while in the same season, in the south and east of
the region, rainfall between 16 and 21 mm will raise the same alert level.

Figure 3. The second level of warning (red status) in northwest Iran in different seasons.

3.3. Level 3—Orage Status: The Third Level of Warning

This alert level is raised when rainfall corresponding to the top 10 percent of the TOPSIS ranking
is observed. Precipitation values in this alert level are illustrated in Figure 4 below. Figure 4 shows
that in the same region, different rainfalls will raise the alert in different seasons. For example, in the
majority of Ardabil province, rainfall that will raise alert level 3 (orange) is between 16 mm and 20 mm
in the spring, 11 mm and 20 mm in the summer, 13 mm and 24 mm in the autumn, and 13 mm and
18 mm in the winter.

[==3
-
0
(ar]
b3

Figure 4. The third level of warning (orange status) in northwest Iran in different seasons.

3.4. Level 4—Yellow Status and Level 5—Green Status: The Fourth and Fifth Level of Warning

Rainfall corresponding to the top 15 percent of the TOPSIS ranking means that the fourth alert
level (yellow) is raised and rainfall corresponding to the top 20 percent of the TOPSIS ranking raises
the fifth alert level (green). The results are illustrated in Figures 5 and 6 below. Both alert levels 4 and 5
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can be considered part of the Group Announcements category, whereas alert levels 1 to 3 are placed in
the category of warnings.

Spring

Figure 6. The fifth level of warning (Green status) in northwest Iran in different seasons.

3.5. Compare Flood with the Alert Levels

Floods were compared with these five alert levels in the last ten years. They had good conformity
with the alert levels. For example, according to Figures 5 and 6, rainfalls between 8 and 18 mm can
potentially cause flash flooding (yellow and green alert levels) in summer. In the last ten years, in
the summer, 80% of floods have occurred at yellow and green alert levels while 20% of floods have
occurred at red and purple alert levels.

As a practical example, flooding has been recorded in three regions (Shabstar, Tabriz and
Bostanabad) on 24 June 2016. Precipitation was recorded at 10 mm in Shabstar, 4 mm in Bostanabad
and 3 mm in Tabriz. Based on the fixed alert levels, rainfalls less than 10 mm do not need a weather
warning. If TOPSIS alert levels had used, weather warnings would have been issued. Alert level maps
produced for June and the location of floods, on 24 June 2016, are shown in Figure 7. Yellow warning
for Bostanabad and Tabriz, and Orange warning for Shabstar can be issued according to the alert level
maps in June. However, in the northwestern part of the area, rainfall less than 10 mm does not need a
weather warning in June.
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Figure 7. Location of floods on 24 June 2016 in northwest Iran and three alert levels based on the
TOPSIS (The Order of Preference by Similarity to Ideal Solution) method.

4. Conclusions

Zoning of climate events in northwest Iran was carried out for five alert levels as detailed above.
It has highlighted the importance of issuing warnings and announcements for weather conditions
based on circumstances of location and season/time. It has been demonstrated that one location in
different seasons will require different thresholds for raising an alert. As shown in Figure 3 to Figure 6,
in a particular area, different rainfall amounts correspond to various alerts in different seasons. It was
therefore also concluded that using annual fixed numbers as event thresholds and extending these
fixed numbers to larger areas would disregard the seasonal conditions and could be grossly misleading.

In this study, the amount of rainfall and frequency were used to calculate the TOPSIS method.
However, others parameters are involved in floods such as land cover, topography, soil penetration
and so on. All of these parameters can be added to the TOPSIS method in order to complete this study.
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