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Abstract

Background: Distinguishing dynamic variations of the climate from the physical urban indicators is a challenge to
assess the factors affecting weather severity. Hence, the time-series of the severe weather threat index (SWEAT) were
considered in the four urban areas of Turkey and Iran to identify its affecting factors among the climatic variables
and urban indicators in 2018. The SWEAT data were obtained from the upper-air sounding database of the University
of Wyoming. The climatic variables were extracted from the Asia Pacific data research center (APDRC). The spatial
statistics for urban expansion were collected from global human built-up and settlement extent (HBASE) data sets.

A quantitative measuring of the Pearson correlation test was used to expose the relationships between dependent
index (SWEAT) and independent variables (climatic and anthropogenic).

Results: Results revealed that the high and extreme severity classes of the weather condition in the Ankara, Istan-
bul, Mashhad, and Tehran are estimated as 7.7% (28 days), 15.3% (56 days), 1.1% (4 days), and 4.4% (16 days), respec-
tively. The strongest values of the annual SWEAT index, exposing the unstable and severe weather conditions, were
observed for Istanbul and Ankara urban regions. This result may be corresponding to the highest values of mean
annual precipitation and relative humidity in addition to the largest values of urban expansion and sprawl index. The
statistical correlation tests in annual scale confirmed the effective role of climatic elements of precipitation, relative
humidity, and cloudiness (R from 0.94 to 0.99) and the urban expansion indicators (R from 0.86 to 0.91) in increasing
annual severe weather index of SWEAT at above 85-95% of confidence level.

Conclusions: The correlations between the urban expansion indicators and outcome SWEAT index can be strength-
ened by some climatic elements (e.g., precipitation, humidity, and cloudiness), revealing the mediator and magnifier
task. However, the mentioned correlations can be weakened by another climatic variable (i.e., air temperature), reveal-
ing a moderator and modifier task. Ultimately, investigation of the weather severity indices (e.g., SWEAT index) could
be applied to identify the local and regional evidence of climate change in the urban areas.
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Background

Urban growth is an issue that intensely affects local cli-
mate and its notable changes in recent decades (Bazrkar
et al. 2015). Urban activities such as the high volume of
traffics and constructional functions have an impor-
tant role in urban thermal effects and air dynamics (Fan
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and Sailor 2005; Makar et al. 2006) with intensifying the
emissions of greenhouse gases (Dodman 2009). A great
share of greenhouse gas emissions and subsequent effects
such as the alterations of air temperature, precipitation,
and humidity depends on the urbanization in the Mid-
dle East region, which is suffered by the climate change
effects such as dust emissions and storms (Gohari et al.
2013; Shepherd et al. 2016; Mansouri Daneshvar et al.
2019a).

Literature revealed that the increase in urban pop-
ulation, as well as urbanization, could enhance the
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transportation and heat effect (Dulal et al. 2011). In vice
versa, the urban heat effect can play the main role in the
increase of the surface temperature (Alpert et al. 2005).
Fanni et al. (2013) and Elasha (2010) have indicated that
the severe effects of climatic change accompanied by
urban growth in Iran and the Middle Eastern region. In
a recent paper, Mansouri Daneshvar et al. (2019b) con-
firmed the possible effects of urbanization on the climatic
variations through a positive correlation between four
climatic parameters (surface temperature, surface long-
wave flux, total ozone, and black carbon density) and
urban sprawl (R from 0.83 to 0.98). Meanwhile, Sarvari
(2019) revealed a parallel increase for temperature and
upward long-wave radiation adjusted by the increasing
urban population through significant and strong rela-
tionships (R from 0.81 to 0.99). Despite these researches,
sufficient attempts were not observed to reveal the urban
effects on the severe weather indices (e.g., thunder-
storm or air perturbation). Hence, the research prob-
lem of this study depends on the identification of some
assumed factors affecting the local climate perturbation
in the urban regions. This gap, as the main challenge,
drives the research context through the assumption of
severe weather index and presentation of a quantitative
and comparative approach to solving this problem by
using the relevant international databases and statistical
correlative methods. On this basis, this paper will pro-
vide two main contributions including: (1) a theoretical
background regarding the weather severity and perturba-
tion in the urban regions, and (2) finding the facts and
statistics to detect the factors affecting weather severity
and its possible correlations with other local climatic and
anthropogenic variables.

Based on the quantities of the urban air levels, severe
weather threat index (SWEAT), as a significant weather
predictor (Wang et al. 2014), reflects the air perturbation
and severe weather through day-by-day monitoring using
the radiosonde stations. Kaltenbock et al. (2009) have
noted that substantial indices derived from radiosonde
data, e.g., Lifted index (Galway 1956), Showalter index
(Showalter 1953), and SWEAT index (Bidner 1970; Miller
1972), are often used to discriminate between ordinary
and severe convection of air masses, incorporating ther-
modynamic as well as kinetic formation mechanism over
each region (Sioutas and Flocas 2003). Among these indi-
ces, the SWEAT index is a good indicator for measuring
atmospheric instability and the likelihood of storms (Sie-
dlecki 2009).

The SWEAT index combines measures of moisture,
lapse rate, and vertical shear in a very simple way to
determine the likeliness of the convective environment
and severe weather (Wasula et al. 2002). SWEAT index,
in addition to forecasting the convective potentials of the
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weather and the thunderstorms (Miller and Mote 2018),
can be used to represent the atmospheric indications in
the urban areas (Baltaci et al. 2018). The application of
the SWEAT index is broadly observed to detect the con-
vective parameters of thunderstorm activity in several
regions such as Greece (Sioutas and Flocas 2003), United
States (Derubertis 2006), Ireland (Tyrrell 2007), Germany
(Kunz 2007), Cyprus (Michaelides et al. 2008), Gulf of
Mexico (Rhodes and Senkbeil 2014), and North Caucasus
(Abshaev et al. 2019). These researches dominantly have
examined the index in the non-urban areas. Hence, a new
examination seems to be needed to investigate the index
in the urban regions.

Although, Derubertis (2006) have noted several factors
influencing weather severity and storm records including
population density, urbanization, and highway distribu-
tion, the distinguishing dynamic variation of the climate
from these physical artifacts are the challenge. Hence,
the present study aims to investigate the diurnal changes
of SWEAT index in the four urban areas of Turkey and
Iran in addition to recognizing affecting factors such as
climatic variables (air temperature, precipitation, relative
humidity, and cloudiness) and urban indicators (urban
expansion and population growth). Assessment of the
SWEAT index to determine the urban effects in severe
weathering and storming is the main originality of the
present research.

Materials and methods

Study area

The study site is located in selected urban areas of Tur-
key and Iran countries named Istanbul, Ankara, Tehran,
and Mashhad along the ~35°-40° Northern latitudes of
the Middle East region (Fig. 1). The reason for select-
ing these urban areas relates to choosing the largest cit-
ies of Turkey and Iran with a minimum threshold of the
population above 3,000,000 inhabitants and their similar
geographical latitude, which is the middle part of Alp-
Himalayan elevation belt in the northern hemisphere’s
mid-latitudes. Each study region was assumed in a rec-
tangle zone exactly around the city cores with the same
area~3500 Km? and geographical coordination of 30’
N x 40’ E arcs, comprised of urban and pre-urban expan-
sions in 2018 (Fig. 2).

Ankara (Fig. 2a) with 4.9 million inhabitants (WUP
2018) is laid between northern latitudes from 39° 40’ to
40° 10’ and eastern longitudes from 32°30’ to 33°10’ with
mean elevation value of about 890 m above sea level.
Istanbul (Fig. 2b) with 14.7 million inhabitants (WUP
2018) is laid between northern latitudes from 40° 50’
to 41° 20’ and eastern longitudes from 28°40" to 29° 20’
with mean elevation value of about 20 m above sea level.
Mashhad (Fig. 2c) with 3.0 million inhabitants (WUP
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Fig. 1 Geographical location of the study areas
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2018) is laid between northern latitudes from 36° 05’/
to 36° 35" and eastern longitudes from 59°15” to 59° 55/
with mean elevation value of about 1,190 m above sea
level. Besides, Tehran (Fig. 2d) with 8.9 million inhabit-
ants (WUP 2018) is laid between northern latitudes from
35° 20’ to 35° 50" and eastern longitudes from 51° 00’ to
51° 40’ with mean elevation value of about 990 m above
sea level. The spatial alteration of based on the digital
elevation model (DEM) for the study regions indicated
the mean elevation values from 20 m above sea level to
1,190 m above sea level (Table 1).

According to the climate classification of Koppen-Gei-
ger, proposed by Beck et al. (2018) and Peel et al. (2007),
Istanbul and Ankara are located in the warm temperate
zone and Tehran and Mashhad are located in the warm
arid zone. The total annual precipitation and mean
annual temperature of the study areas were recorded as
150-950 mm and 14-21 °C, respectively, derived from a
global database of WorldClim in a long-term period of
1950-2000 (Hijmans et al. 2005). The amount of annual
average precipitation in the study regions represented
a decrease from the western to the eastern longitudes
(from Istanbul to Mashhad) by about 800 mm. As well,
the amount of annual average temperature increases by
about 7 °C.

Data preparation

The SWEAT index evaluates the potential for the
severe weather conditions in each region by combin-
ing low-level (850-hPa) moisture, thermal instability
(as expressed by the total totals index) and warm air

advection (as expressed by the wind shear between levels
850 and 500-hPa). The SWEAT index (unit-less) is articu-
lated according to the original work of Miller (1972) and
the next developments by Sioutas and Flocas (2003);
Bauman et al. (2005); Wang et al. (2014) and Das (2017)
through the following equation (Eq. 1):

SWEAT = 12Tqgs0 + 20 (TT — 49) + 2fgso

+ f500 + 125 (S + 0.2)

(1)
Where, Tygs, is the dew point (°C) at 850 hPa. fg,
and fy,, are the wind velocity (knots) at 850 hPa and
500 hPa, respectively. TT is the total totals index equal
to Tgso+ Tysso_ 2T 50 Where Tgoy and Ty, are the air
temperature (°C) at 850 hPa and 500 hPa, respectively. S
is the wind shear equal to sin (d5y,—dgs,), where dgs, and
dsq, represent the wind direction (in 0°-360°) at 850 hPa
and 500 hPa, respectively (Sioutas and Flocas 2003;
Kunz 2007; Wang et al. 2014). If any term of the equa-
tion is negative, it is set to zero. The values of more than
300 indicate a strong potential for severe thunderstorms,
while values over 400 indicate tornado activity (Deruber-
tis 2006). According to Bauman et al. (2005), the clas-
sification of the weather severity is defined as low, high,
and extreme classes for SWEAT values <200, 200-300,
and > 300, respectively. The SWEAT value above 300
could be related to the lower threshold for the occur-
rence of the extreme thunderstorms (Peppier 1988),
but the average SWEAT index associated warm season

storms usually fell above 200 (Derubertis 2006).
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Fig. 2 Rectangle zone of each study area comprised of urban and pre-urban expansions in 2018 for a Ankara, b Istanbul, ¢ Mashhad, and d Tehran

Table 1 Spatial and demographic profile of four case
studies in 2018

No. City Latitude (°) Longitude Altitude (m) Population
(°) (million)

1 Ankara 39.920 32.854 890 49

2 Istanbul  41.014 28.950 20 14.7

3 Mashhad 36297 59.606 990 3.0

4 Tehran 35.694 51422 1190 8.9

In this research, the sounding and air vertical data were
obtained directly to extract daily SWEAT data from the
University of Wyoming upper-air sounding database via

http://weather.uwyo.edu/upperair/sounding.html  dur-
ing 365 days of 2018 for Ankara (code: 17130), Istanbul
(code: 17064), Mashhad (code: 40745), and Tehran (code:
40754) radiosonde stations. Owing to the limitation in
the daily-scale big-data compilation of the SWEAT index
from radiosonde stations, the temporal window of this
research focuses on 365 days in 2018.

Owing to data accessibility of time series, the cli-
matic variables of air temperature, precipitation, relative
humidity, and cloudiness were extracted from the Asia
Pacific Data Research Center (APDRC) data set, hosted
by the National Oceanic and Atmospheric Administra-
tion (NOAA), via http://apdrc.soest.hawaii.edu/las/getUI
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.do for the spatial location of the study areas. All afore-
mentioned variables, by diurnal scale, were extracted for
each urban area and then were processed and format-
ted by monthly and annual scales. For instance, area-
averaged daily time-series of the climatic variable of
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relative humidity and temperature in 2018 conspired as an
adjusted rescaled plot for all case studies Fig. 3.

As well, the daily NOAA/NCEP reanalysis was used to
composite anomalous data grids including the atmos-
pheric variations of air temperature and geopotential
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height at the level 1000 and 850-hPa (or 1000 and 850-
mb) based on the normal climatology period (1981-2010)
via https://www.esrl.noaa.gov/psd/data/composites/
day. Spatial statistics for urban expansion and settle-
ment extension data were collected from global Human
Built-up and Settlement Extent (HBASE) hosted by soci-
oeconomic data and applications center of the National
Aeronautics and Space Administration (NASA) via https
://sedac.ciesin.columbia.edu/data/set/ulandsat-hbase-v1/
data-download, which is derived from the global land
survey of Landsat dataset (Wang et al. 2017; Kardani-
Yazd et al. 2019). Ultimately, the population of urban
areas was derived from the 2018 revision of the World
Urbanization Prospects via http://esa.un.org/unpd/wup,
which has been compiled by the population division
of the department of economic and social affairs of the
United Nations (WUP 2018).

In detail, the obtained time-series data were obtained
in the quality-controlled format from web-based sources.
However, all data were controlled based on their coor-
dination, convergence and normality status before sta-
tistical analyses to overcome the effects caused by the
scale differences of variables (Giiler et al. 2002; Thyne
et al. 2004). Statistical package for social science (SPSS)
software was used to compile, summarize, and analyze
the quantitative data by measuring the Pearson correla-
tion test to expose the relationships between dependent
index (SWEAT) and independent variables (climatic and
anthropogenic).

Results
Estimation the SWEAT values
The warmest years between 1880 and 2018 at the global
scale are estimated after the year 2000 (Tomczyk and
Bednorz 2020), with a maximum in 2016 (mean anomaly
of 0.99 °C). The year 2018 was classified in the fifth posi-
tion, with mean anomalies at a level of 0.83 °C (NOAA
2019). The mentioned the year 2018 in the Middle East
regions (principally Turkey and Iran) experienced the
more severity due to a remarkable mean anomaly of
1.5-2.5 °C and 0.9-2.1 °C at the level 1000 and 850-hPa,
respectively based on daily air temperature provided by
daily NOAA composite anomalous data grids (Fig. 4a,
b). These anomalies were also observed in synoptic-scale
for geopotential heights at the level 1000 and 850-hPa as
an anomalous high-pressure wave with dominant per-
sistency over Iran (Fig. 4c, d). Therefore, investigation of
the weather severity indices (e.g., SWEAT index) in a like
condition of 2018 could be applied to identify the local
and regional evidence of climate change in the urban
areas.

Based on the classification of weather severity, the
SWEAT daily values were categorized into four classes
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Fig. 4 The composite NCEP/NCAR reanalysis plots of a air
temperature anomaly at the level of 1000 — hPa, b air temperature
anomaly at the level of 850 — hPa, ¢ geopotential height anomaly at
the level of 1000 — hPa, and d geopotential height anomaly at the
level of 850 — hPa

of low, high, and extreme categories with SWEAT values
of <200, 200-300, and > 300, respectively. The thresholds
were used the same as those in the original severe weather
decision aid, developed by Bauman et al. (2005). In this
regard, the SWEAT daily data were classified based
on the weather severity in Table 2. The table revealed
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Table 2 Classification of SWEAT daily data for the study areas based on the weather severity in 2018
No. City <200 200-300 >300
Day % Day % Day %
1 Ankara 337 923 28 7.7 0 0.0
2 Istanbul 309 84.7 51 14.0 5 14
3 Mashhad 361 98.9 4 1.1 0 0.0
4 Tehran 349 95.6 15 4.1 1 0.3
Table 3 The monthly summarized of the SWEAT values
000 — in2018
95% Month Ankara Istanbul Mashhad Tehran
90% Jan 89 132 47 74
85% - Feb 107 135 72 112
80% 4 Mar 135 186 83 84
75% Apr 73 75 63 82
Ankara Istanbul Mashhad Tehran May 125 130 /2 102
) Jun 129 137 66 67
SWEAT index: 0<200 @®200-300 m>300
Jul 158 172 59 37
A 123 128 72 62
Fig. 5 The percentile contribution the SWEAT daily data to each Y9
weather severity class in the study areas (2018) Sep 110 130 51 87
Oct 105 118 44 115
Nov 81 107 60 93
Dec 89 92 61 91
that only Istanbul city has an extreme weather severity  \jcan annual 110 129 63 84

class (SWEAT >300) at least more than 1% of the total
365 days in 2018. Overall, the high and extreme severity
classes of the weather condition in the Ankara, Istanbul,
Mashhad, and Tehran were estimated as 7.7% (28 days),
15.3% (56 days), 1.1% (4 days), and 4.4% (16 days), respec-
tively (Fig. 5). When the value of SWEAT increases the
atmospheric stability decreases (Siedlecki 2009). On this
basis, Istanbul and Ankara regions have a more unstable
and severe weather condition compared with Mashhad
and Tehran regions.

In the next step, the mean daily values of the SWEAT
index were summarized based on monthly scales for the
study areas (Table 3). The data exposed in this table were
plotted in two types of diagrams to boost the presenta-
tion of the analysis. Fist plot in Fig. 6a depends on the
percentile contribution of Monthly scaled mean SWEAT
data to each study area and the second plot in Fig. 6b rep-
resents the linear variation of data for the study areas.
Referring to this Figure, the strongest values of monthly
SWEAT among the urban regions are observed for Istan-
bul and Ankara in March and July months (>150). The
comparatively low SWEAT index may reflect the climatic
effects of humidity and temperature elements in the
index (Wasula et al. 2002).

The weakest data are observed for Mashhad and Teh-
ran in July month (<60). On this basis, the largest values

of the monthly SWEAT index in the Ankara and Istanbul
relates to the warmest month in the whole of the study
areas (Fig. 7a). Nonetheless, the July month is not the dri-
est period in the Ankara and Istanbul regions (Fig. 7b—d).
The lowest values of the monthly precipitation, relative
humidity, and cloudiness in the study areas depend on
August month. Uncooperatively, the highest monthly val-
ues are not observed in simultaneous times. For example,
the highest values of precipitation in Ankara and Istanbul
belong to the May and June months, but in Mashhad and
Tehran belongs to October and November months. In
general, the monthly severe weather and possible storm-
ing conditions in Ankara and Istanbul relate to the warm
period of the year. This fact is in accordant with several
previous works revealing that the mean SWEAT value
has a rise usually during the warm months by around
10% (Michaelides et al. 2008) and its positive trends
may be forced by increases in temperature and humidity
capacity in air low-levels (Derubertis 2006). Michaelides
et al. (2008) have noted the higher values of the monthly
SWEAT index in the warm period as a limitation of the
index because the severe weather actually occurs in the
low range during the high-temperature periods (Bauman
et al. 2005). Nonetheless, the SWEAT index is yet known
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as a useful tool for predicting specific weather during the
year (Siedlecki 2009). To overcome this limitation, the
present study considered the mean annual values in the
continuation of the research.

Survey of affecting factors

In this step, a survey is assumed to recognize independ-
ent factors affecting the SWEAT index among several
climatic variables (e.g., air temperature, precipitation, rel-
ative humidity, and cloudiness) and some urban indica-
tors (e.g., the urban sprawl index and population growth).
In this regard, the mean annual values of urban indica-
tors were considered due to the physical nature and static
limitation of urban-based indicators. Hence, the mean
annual summarizations of the aforementioned independ-
ent variables were presented in Tables 4, 5. Based on
Table 4, the mean annual values of climatic variables were
extracted in addition to values of mean annual SWEAT
index. In this regard, the highest values of mean annual
SWEAT index (>110 in Ankara and Istanbul) depend on
the lowest mean annual temperature values (<17 °C), the
highest mean annual precipitation values (>560 mm),

and the highest mean annual relative humidity (>65%).
As well as, the mean annual values of urban independ-
ent indicators were estimated in Table 5, including pop-
ulation (million inhabitants), urban expansion (Km?),
population density (person per Km?), and sprawl index
(%). According to the population data in 2018, the larg-
est amount belongs to Istanbul urban region with 14.7
million inhabitants. Considering the urban expansion
area of the city, equal 1300 Km?, the population density
of Istanbul is estimated at 11500 persons per Km? as the
largest population density among the study areas. Based
on the urban expansion data, Ankara has the highest
expansion area (1400 Km?) and accordingly has the low-
est population density with value 3500 persons per Km?
Tehran and Mashhad regions have moderate expansion
(500-1000 Km?) and moderate density (6000-9000 per-
sons per Km?) among the study areas. Ultimately, in this
table, an urban sprawl index has been estimated based on
the percentile quota of each urban expansion area from
the surrounded rectangle zone with area ~ 3500 Km?. On
this basis, the highest sprawl index belongs to Ankara
(40%) and the lowest value fits in Mashhad (15%). The
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Table 4 Mean annual values of climatic independent variables in 2018

No. City Temperature (°C) Precipitation (mm) Humidity (%) Cloudiness (%) SWEAT
(unit-less)

1 Ankara 10.3 561.2 67 36 110

2 Istanbul 16.8 1091.9 73 38 129

3 Mashhad 24.2 181.5 33 28 63

4 Tehran 251 2935 47 34 84

moderate values (30-35%) depend on the Istanbul and
Tehran urban regions.

The comparison of these urban-based indicators with
the SWEAT index revealed that the highest values of
mean annual SWEAT index (>110) in Ankara and Istan-
bul can correspond to the largest values of the urban
expansion area (1300-1400 Km?) and urban sprawl index
(35—-40%). Hence, the factors influencing the severe
weather index (SWEAT) in the study urban regions can
include both climatic substantial elements (e.g., tempera-
ture and precipitation) and urban development indica-
tors (e.g., urban expansion and sprawl). In the final step, a
correlation test was calculated to present robust statisti-
cal evidence instead of a descriptive context, identifying
the factors affecting the SWEAT index in the urban areas.

The correlations between the annual SWEAT index
and several independent factors were shown in Table 6,
based on the summarized annual data in four urban
areas. The results of this Table confirmed the very strong
and positive correlations (R from 0.94 to 0.99) between
the SWEAT index and independent climatic variables of
precipitation, relative humidity, and cloudiness at 95% of
the confidence level based on annual data. As well, the
relatively strong and positive correlations (R from 0.86 to
0.91) between the SWEAT index and independent urban
indicators of urban expansion and sprawl index were
observed at 85-90% of the confidence level. In vice versa,
a negative and intermediate relationship was estimated
between SWEAT and air temperature (R equal —0.73).
Hence, the results of the correlation test confirm the

Table5 Mean annual values of urban independent
indicators in 2018

No. City Population Urban Population Sprawl

(million) expansion  density index
(Km?) (person (%)
per Km?)

1 Ankara 49 1400 3500 40

2 Istanbul 14.7 1300 11,500 35

3 Mashhad 3.0 500 6000 15

4 Tehran 89 1000 9000 30

effective role of climatic elements (positive or negative)
and urban expansion indicators (positive) in increasing
annual severe weather index of annual SWEAT in the
urban areas.

Based on the finding, there is no strong relationship
between the SWEAT index and population number or
population density (R from 0.34 to 0.73). This fact can
explain that the concentrated population in a region has
a less relation with local variability of climate, while the
expansion of urban structures and settlements is more
direct correlative with climatic elements (e.g., weather
severity and air perturbation potential). Furthermore,
this evidence approves an obscure link between enhanc-
ing sprawl expansion and low-density development (Rab-
bani et al. 2017). However, the physical elements of urban
geography such as latitude and longitude characteristics
revealed a positive strong correlation (R equal 0.92) and a
negative strong correlation (R equal —0.99) with SWEAT
index, respectively at 90-99% of the confidence level. The
relationship between the SWEAT index and the altitude
element was estimated as a negative and intermediate (R
equal —0.78).

Discussion

The severe weather threat index (SWEAT) is a signifi-
cant weather predictor, which can reflect the air pertur-
bation and severe weather in the air levels of the urban
atmosphere. In the present study, the SWEAT index in
the four urban areas of Turkey and Iran, including Istan-
bul, Ankara, Tehran, and Mashhad, was considered to
identify its affecting factors such as climatic variables
(air temperature, precipitation, relative humidity, and
cloudiness) and urban indicators (urban expansion and
population growth). For this purpose, the upper air daily
sounding data were obtained from the University of
Wyoming database for 365 days in 2018.

Based on the mean annual data, the enhancement of
SWEAT values in the four case studies can be affected by
the increase of urban expansion and sprawl in addition
to the increase of cloudiness, humidity, and precipita-
tion rates. Hence, the climatic variables of precipitation,
humidity, and cloudiness can be considered as the media-
tor variables in this study, enhancing the relationships
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Fig. 8 Mediated relationship model among the study variables
(urban expansion = predictor, relative humidity = mediator, and
SWEAT index = outcome)

between the urban expansion indicators and the annual
SWEAT index. The mediator variable (e.g., humidity)
usually affects the association between an independent
variable (e.g., urban expansion) and an outcome vari-
able (e.g., SWEAT), providing information about how or
why both mentioned variables and outcomes are vigor-
ously associated (Bennett 2000; Ro 2012). A mediator is
a mechanism through which a predictor influences an
outcome variable (Baron and Kenny 1986; Frazier et al.
2004). An example of a mediated relationship model
among the study variables is shown in Fig. 8. In this
regard, increase in urban expansion reflects an increase
in demand for physical construction, transportation, and
assumption of fuels (Mansouri Daneshvar et al. 2019b),
inducing the heat capacity, humidity, and dewpoint, as a
direct measure of low-level moisture and humidity con-
tent (Peppier 1988). According to research, the increase
of dewpoint certainly increases the SWEAT index (Deru-
bertis 2006). Hence, a mediated model among the urban
expansion, humidity, and SWEAT variables can be pre-
sented as a basis for further researches.

Furthermore, the severe weather also could be weak-
ened by the increase in air temperature and geographical
altitude (elevation heights). In this manner, the climatic
variable of air temperature can be considered as a mod-
erator variable in this study, modifying the relationships
between the urban expansion indicators and the annual
SWEAT index. Unlike a mediator, the moderator is a
variable that influences the strength or the direction of
a relationship between a predictor variable and an out-
come variable (Rose et al. 2004). Despite the researches
on SWEAT index in the previous works to reveal the sta-
tistical modeling of the severe weather (e.g., Sioutas and
Flocas 2003; Derubertis 2006; Tyrrell 2007; Kunz 2007;
Michaelides et al. 2008; Siedlecki 2009; Rhodes and Sen-
kbeil 2014; Baltaci et al. 2018; Abshaev et al. 2019), the
present study tried to investigate the possible relations
with affecting criteria. However, we need new researches
with more spatial cases and temporal windows to under-
stand the mediation and modification role of independ-
ent factors (e.g., humidity, temperature, and elevation) on
the severe weather perturbation in the urban regions.
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Ultimately, analytic limitations of the SWEAT index
can be categorized into three classes: (1) limitation of
daily-scale big-data compilation from radiosonde sta-
tions, (2) estimation of the higher values of mean monthly
SWEAT index in the warm months, and (3) comparison
with the physical nature and static limitation of artifact
indicators. To overcome these limitations, the statistical
analysis can consider the mean annual values through
compilation, estimation, and comparison of data.

Conclusion

Based on the SWEAT daily values, the high and extreme
severity classes of the weather condition in the Ankara,
Istanbul, Mashhad, and Tehran were estimated as
7.7% (28 days), 15.3% (56 days), 1.1% (4 days), and 4.4%
(16 days), respectively. The strongest values of monthly
SWEAT among the urban regions are observed for Istan-
bul and Ankara in March and July months (>150). Also,
the highest values of mean annual SWEAT index (>110)
in Ankara and Istanbul were matched to the largest val-
ues of urban expansion area (1300—1400 Km?) and urban
sprawl index (35—40%), where have the highest mean
annual precipitation values (>560 mm), and relative
humidity (> 65%) among the study areas.

The statistical correlation tests in the annual scale con-
firmed the effective role of aforementioned climatic ele-
ments of precipitation, relative humidity, and cloudiness
(R from 0.94 to 0.99) and the urban expansion indicators
(R from 0.86 to 0.91) in increasing annual severe weather
index of SWEAT at above 85—95% of confidence level.
Ultimately, this research assumed the climatic variables
f precipitation, humidity, and cloudiness as the media-
tor variables, enhancing the link between urban expan-
sion indicators and outcome SWEAT index. Thus, the
research described the variable of air temperature and
elevation height as the moderator variables.

The main implication of this research can be applied
in future academic researches to further study the medi-
ated or the moderated role of variables affecting severe
weather in the urban regions. In this regard, the study
of the mediated models among the urban expansion,
humidity, and SWEAT variables is suggested. Besides,
the research with more spatial cases and temporal win-
dows is recommended to understand the modification
role of growing air temperature and elevation height on
the severe weather perturbation in urban regions.
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