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Abstract

With the intensification of global warming, extreme weather events have become a critical global
concern. However, the sensitivity of different geographical regions to climate change varies
significantly. This study examines the temporal and spatial variations of extreme meteorological
events in Yazd Province, Iran, using data from the province’s meteorological stations over the
period 2004-2023. Ten major meteorological hazards were identified and categorized into two
groups: (1) phenomenon-based hazards and (2) temperature- and precipitation-based hazards.
Spatial distribution maps of these hazards were generated and analyzed using GIS software, and
temporal trends over the study period were assessed. Finally, by integrating all identified hazards,
a comprehensive risk map was developed to evaluate the vulnerability of different areas to
extreme weather events. The results indicate that the central and northern regions of Yazd
Province are the most vulnerable, whereas the southern and western areas experience the lowest
frequency of meteorological hazards. Among all examined locations, the Meybod synoptic station
was identified as the most hazardous. Additionally, the findings reveal that temperature-related
hazards exhibit more pronounced trends than other types of hazards. Specifically, the number of
frost days and cold waves has declined, while the frequency of heat waves has increased
significantly, particularly in recent years, underscoring the severe impact of global warming on
Yazd Province. These findings provide valuable insights for disaster risk management and the
prioritization of mitigation strategies based on regional vulnerability levels.
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Extended Abstract

Introduction

Greenhouse gas emissions from human activities have reached their highest historical levels and have had
widespread effects on the climate system (18). The most immediate and evident consequence of climate change
is global warming. Global warming has led to an increase in the frequency, intensity, duration, and spatial
extent of extreme weather events. However, the rate of warming is not uniform across the globe. Some regions
experience more pronounced climatic changes, while others are less affected (6). Additionally, as global
warming continues, the frequency and intensity of climatic hazards are expected to rise in the future (46, 1). It
should be noted that climate change can significantly impact various aspects of human life, including water
resource management, agriculture, health, ecosystems, biodiversity, energy, and transportation (40, 7). These
effects are further exacerbated by factors such as population growth and urbanization, leading to increased
competition and demand for natural resources (46). Yazd Province has suffered considerable damage due to
climate change, particularly in terms of water shortages and extreme heat. Climate change and extreme events,
especially in arid and hyper-arid climates like Yazd Province, can have disastrous consequences due to their
sensitive and fragile ecosystems (43). Therefore, understanding these changes is crucial for effectively
addressing their future consequences. The purpose of the present research is to investigate the spatial and
temporal distribution of climatic hazards in Yazd Province using meteorological station data.

Material and Methods

Yazd Province, covering an area of 73,756 km?, is located in the central part of the Iranian Plateau and accounts for 4.5%
of Iran’s total area. The province lies between latitudes 29°48' to 33°30' north and longitudes 52°45' to 56°30' east (Fig.
1a). A small portion of the province consists of highlands, with only about 2% of its area situated at an altitude exceeding
2,500 meters (Fig. 1b). Meanwhile, more than 19% of Iran’s desert areas are located within Yazd Province. For this
research, data from meteorological stations in Yazd Province covering a 20-year period from 2004 to 2023 were analyzed.
In the first stage, 10 significant and widespread climatic hazards were identified through data processing, including dust,
dust storms, thunderstorms, fog, heavy snow, heavy rain, extreme rain, frost, heat waves, and cold waves. These hazards
were subsequently categorized into two groups. The first category, phenomenon-based hazards, included dust, dust
storms, thunderstorms, fog, and heavy snow. The frequency of these hazards was determined using SYNOP data from 10
synoptic stations in the study area, based on current weather codes (WW). The second category encompassed hazards
such as heavy rain, extreme rain, frost, heat waves, and cold waves, whose frequency was calculated using temperature
and precipitation data and appropriate formulas for each hazard (Table 1). At this stage, in addition to synoptic station
data, information from 8 climatology stations and 59 rain stations was also utilized. After computing the annual frequency
of each hazard, the inverse distance weighting (IDW) method was applied to generate spatial distribution maps.

Results

Among the investigated hazards, frost and dust were the most frequently occurring phenomena, while extreme events
such as dust storms and heavy snow were the least frequent. The highest frequency of phenomenon-based hazards was
observed in the central and northern regions of the study area, whereas the lowest frequency was recorded in the southern
regions (Fig. 2 to Fig. 5). The only exception was heavy snow, which had the highest frequency in mountainous and high-
altitude areas (Fig. 6). Additionally, the greatest number of frost days was recorded in the mountainous areas of Shirkooh
(Fig. 9). The spatial distribution of extreme rain and heavy rain showed similar patterns, with both having their highest
frequency in mountainous regions; however, extreme rain events were less frequent than heavy rain events (Fig. 7 and
Fig. 8). The highest frequency of heat waves occurred in the southern and western regions of Yazd Province, while cold
waves exhibited a non-uniform distribution across the province (Fig. 10 and Fig. 12). The results also indicate that
temperature-related hazards have exhibited more significant trends compared to other hazards. Specifically, the number
of frost days and cold waves has decreased, while heat waves have increased, particularly in recent years, highlighting
the strong influence of global warming in Yazd Province (Fig. 11). Overall, the combined zoning of atmospheric hazards
indicates that the highest frequency was recorded at the synoptic station of Meybod, whereas the least hazardous areas
were associated with the stations in Herat, Abarkooh, and Mehriz (Fig. 13).

Discussion and Conclusion

Yazd Province, which has the lowest annual rainfall in Iran and an arid to hyper-arid climate, is among the most vulnerable
regions to climate change. It is highly exposed to various extreme weather events and climate-related hazards. Therefore,
understanding the spatial and temporal patterns of climate hazards is crucial. However, no comprehensive study has been
conducted on climatic hazards in Yazd Province, and previous research has only assessed certain hazards on a case-by-
case basis (10, 33). For instance, one study determined that the highest frequency of frost days among synoptic stations
in Yazd Province between 2005 and 2011 was recorded at Garizat station, while the lowest was observed at Aqda station
(10). Another study, using aerosol optical depth (AOD) data, indicated that the central and northern regions of Yazd
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Province are the most affected by dust storms (34). Additionally, research based on MODIS snow cover data revealed a
decreasing trend in snow-covered days in Shirkuh Mountain (35). A key distinction and advantage of the present study
over previous research is its utilization of the maximum possible number of stations, including all available synoptic,
climatological, and rain gauge stations, for analyzing each hazard. The findings of this study can assist policymakers and
crisis management planners in developing preventive measures to mitigate the impacts of climate-related disasters.
Furthermore, identifying the spatial and temporal distribution of extreme weather events and forecasting their future
occurrence will be crucial for devising adaptation strategies to cope with extreme climatic conditions.

Keywords: Extreme Events; Atmospheric Hazards; Global Warming; Interpolation
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Table 1. Studied Hazards and Methods for Calculating Their Frequency
row Hazard Method of calculating frequency
1 Dusty days Codes 06 to 09
2 Dust storms Codes 30 to 35
3 Thunderstorm Codes 92 to 99
4 Fog Codes 40 to 49
5 Heavy snow Codes 73 to 75
6 Heavy precipitation 90th percentile of daily precipitation
7 Extreme precipitation 95th percentile of daily precipitation
8 Frost Tmin < 0 °C from October to May
9 Heat waves Tmax > 95th percentile for 3 or more days from June to September
10 Heat waves Tmin < Sth percentile for 3 or more days from November to March
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Fig 3. Distribution of dusty days in Yazd province from 2004 to 2023, shown spatially (a) and temporally (b)
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Fig 4. Distribution of thunderstorm days in Yazd province from 2004 to 2023: spatial (a) and temporal (b)

160 I — — -
o (b) (a) 6B
— obat posht hndl;n
120 y = -1.0669x + 83.053 *
100 R® = 0.0309
80 [rrrereedseninna. teeseceteiian.. 0N
%, ......................................
S e | L0 e
40 sworn- ‘Legend
®  Synoptic station
Foggy days
20 | I i o
e/t - 114
o Aorororn- - 1S
O O O O O O O O O OO OO OoOo0oO OO o oo - 2491 - 294
O O O OO ORPRFRPPEPEPEPEPERPEEPDNMNDNDNODDN - 2041 - 339
S OO N0 OO FPNWPAOUIOONOOOORFEDNW 02040 8 120 160 - 3971 - 384
20000 N T —— -84 - 429
Fig S. Spatial (a) and temporal (b) distribution of foggy days in Yazd province from 2004 to 2023
1 g s o o

, (b (a) =3

S
obat posht badam

3300°N-]

10

day
o N (2] [ee)
I

y =-0.0677x + 4.3105 ]
R>=0.0143
4 MR ] XY . ®eecccccccnes A
I 1 1 I I 1 Ll I ]
NN NN NN NN R R RN NN NN N NN
8588882222222 2888¢%
5 0o ©OFP NWHRMOUON®OORNW R e e o1 i
oo s1-

o 800¢

Fig 6. Distribution of heavy snow days in Yazd province from 2004 to 2023, shown spatially (a) and temporally
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