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Introduction: Heat and cold waves are among the most influential natural
hazards affecting mortality and the economy. Rising global temperatures have
intensified extreme phenomena such as floods, droughts, heavy rainfall, and heat
and cold waves.

Purpose: This study aims to identify heat waves (HWSs) and cold waves (CWs5s),
classify them, and analyze their spatial-temporal variability across Guilan
Province.

Geographical area: This research focuses on Guilan Province, located in
northern Iran along the southern shores of the Caspian Sea. Due to its distinctive
climatic conditions, the province is constantly exposed to temperature
fluctuations and the hazards associated with heat and cold waves.

Methodology: To conduct this study, daily maximum and minimum temperature
data were obtained from the European Centre for Medium-Range Weather
Forecasts (ECMWF) under the ERA5 version, with a spatial resolution of 0.25°
x 0.25° over a 40-year period (1980-2020). Subsequently, cluster analysis (CL)
using the Euclidean distance method and Ward's hierarchical approach was
employed to group the waves in both spatial and temporal dimensions.

Results and Discussion: The frequency of heat and cold waves decreased with
increasing wavelength from 3 to 30 days. In the cluster analysis, the number of
clusters diminished as wavelength increased, and the province transformed into a
homogeneous unit. In other words, at shorter wavelengths, the province was
relatively more heterogeneous, comprising a greater number of independent and
distinct units.

Conclusion: The relationship between the duration of heat and cold waves and
the number of spatial zones in Guilan Province was found to be inverse.

Highlights:

The frequency of heat and cold waves in Guilan Province decreases with
increasing wave duration, and the province transforms from a spatially
heterogeneous area for short-duration waves into a single homogeneous unit for
long-duration waves.
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English Extended Abstract
Introduction

Heat and cold waves are among the most impactful natural hazards in terms of mortality and economic
losses, with effects becoming increasingly severe. Rising global temperatures in the late 20th and early 21st
centuries have increased extreme events like floods, droughts, heavy rainfall, and heat and cold waves.
These periodic phenomena last from days to weeks and can alter regional climate structures. Understanding
extreme temperature variability is essential for assessing weather-related risks, as climate change will affect
hundreds of millions worldwide. Guilan Province, located along the Caspian Sea, is a major agricultural
and tourist hub due to its favorable climate and natural attractions. However, climatic hazards—including
heat and cold waves, heavy snow, forest fires, thunderstorms, floods, and droughts—threaten residents and
visitors alike. These hazards increase resource consumption, disease outbreaks, and income loss, leading to
rural-urban migration. Thus, detailed studies to identify, classify, and spatially analyze these hazards are
critically important.

Purpose
This study aims to identify heat waves (HWSs) and cold waves (CWSs), classify them, and
analyze their spatial-temporal variability across Guilan Province.

Geographical area

Guilan Province is located in northern Iran, along the southern coast of the Caspian Sea. The province
is characterized by its humid subtropical climate, with the Alborz mountain range to the south and the
Caspian Sea to the north. This unique geographical setting creates diverse climatic conditions, ranging from
coastal areas to high mountainous regions, making it an ideal area for studying the spatial variability of
temperature extremes. The province's strategic location as a major agricultural and tourism hub further
underscores the importance of understanding climate hazards in this region.

Methodology (Material and Methods)

This research utilized maximum and minimum daily temperature data from the European Centre for
Medium-Range Weather Forecasts (ECMWF) under the ERA5 version, with a spatial resolution of 0.25°
x 0.25° for a 40-year period (1980-2020). The dataset covered 48 grid points across the province. The 90th
and 10th percentiles of daily maximum and minimum temperatures for each grid cell over the 40-year
period were used as thresholds for identifying heat waves and cold waves, respectively. A heat wave was
defined as at least three consecutive days with maximum temperatures above the daily threshold. Similarly,
a cold wave was defined as at least three consecutive days with minimum temperatures below the daily
threshold. Wave duration was classified into various lengths: 3, 6, 9, 12, 15, 18, 21, 24, 27, and 30 days.
For spatial and temporal grouping of wave frequencies, hierarchical cluster analysis using Ward's method
with Euclidean distance was employed. This method calculates the distance between two clusters as the
sum of squares between clusters added across all variables. A 48 x 12 matrix (grid cells x months) was
created for temporal analysis, and a 12 x 48 matrix (months x grid cells) for spatial analysis.

Results and Discussion

The frequency of heat waves decreased with increasing duration. Temporal cluster analysis showed that
3-day heat waves formed two clusters, while 21-day waves formed only one cluster (excluding August),
indicating greater temporal homogeneity for longer waves. Similarly, cold waves showed that 27-day waves
formed a single cluster across all months, confirming that longer-duration cold waves are more temporally
uniform. Spatial cluster analysis revealed that 3-day heat waves were distributed across five zones, while
21-day waves covered only one zone, demonstrating that the province becomes spatially homogeneous for
longer-duration events. For cold waves, 3-day waves spanned four zones, whereas 27-day waves formed a
single zone across the entire province. The inverse relationship between wave duration and the number of
spatial zones was confirmed for both heat and cold waves. Spatial distribution maps illustrated these
patterns: shorter waves exhibited greater heterogeneity, with coastal and mountainous areas showing
different frequencies, while longer waves affected the entire province uniformly. This inverse relationship
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has important implications for regional planning and hazard management. The findings confirm that the
province is relatively heterogeneous for shorter wavelengths but becomes a single homogeneous unit at
longer wavelengths, consistent with the region's physical geography where coastal and mountainous
temperature differences diminish during prolonged extreme events.

Conclusion

This study successfully identified and classified heat and cold waves in Guilan Province and analyzed
their spatial-temporal variability using cluster analysis. The results demonstrate that the frequency of both
heat and cold waves decreases with increasing wave duration. Temporal cluster analysis showed that
longer-duration waves exhibit greater homogeneity across months, with the province acting as a temporally
uniform unit for waves lasting 21 days or more. Spatial cluster analysis revealed that the province is
spatially heterogeneous for shorter-duration waves, with multiple distinct zones, but becomes a single
homogeneous unit for longer-duration waves. The inverse relationship between wave duration and the
number of zones was confirmed for both heat and cold waves. These findings have important implications
for agriculture, public health, tourism, energy infrastructure, and disaster management in the region.
Understanding the spatial and temporal distribution patterns of heat and cold waves can help planners
develop appropriate strategies to mitigate their adverse effects. Given the projected increase in extreme
events under climate change scenarios, this knowledge is essential for building resilient communities and
infrastructure in Guilan Province.
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Table 1. Results of hierarchical cluster analysis (CL) of heat wave occurrence frequency with
different wavelengths (temporal dimension)
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Table 2. Results of hierarchical cluster analysis (CL) of cold wave occurrence frequency with
different wavelengths (temporal dimension)
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Table 3. Results of hierarchical cluster analysis (CL) of heat wave occurrence frequency with
different wavelengths (spatial dimension)
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Figure 2. Spatial distribution of different clusters obtained from cluster analysis (CL) of heat waves
with different wavelengths

D5l 0l LS5 09,5 A jlojgy VY 98 & glaal Ailen 5 0j9, V0 p )5 glsel s, Jlol 51039, YO 0,5 10!
ol 4l sz ol s 5 5500 Al (53550 i 5 elilged) B Ll Sl il (Lo 4ol ol BlbT g il (ol
SlangS Bblie 5 pgd 4l cjo ) Gliw el (lafla g (ol 039370 13 So g8 a0 6 g il (28 5 (29> el
Gy b dtogy oo & huwdnogo 9 (5l (o (glaSle g (obo (255 izman 5 o 0y Cgiz Sleli)) b Jled 5l ol
Wy 0 )18 g 09,5 53 (29 (liw o) i

21y ol Colue placl Cuand Jgl anl 4 jgkey gu o pani 4l ¥ & 5 o)'” VA p5 2loel 859, YA 2,5 Z1gel
4l g 039 (el Cogin SliwnsS” (i5u & 3900 J pgd anl .l oaliio B ()] 358 U 0 g liwnsS b Jobo g 85
A o gy ) ol Bl g 1edls (blo i plez 4ol g <) g 3l ol pows



VE+ 0 lep o) byloud <)+ By95 o)y (2 udl pin owikiggo dlio YA+

plod Jol a5 & 395 g0 sl 45l 93 &y aalllao 3590 0593 (b 13 0j5) V) p5 lsal 33, ol 82059, TV 0,5 Elgel
V) £S5 eyl sl oS bl cnlplis )03 )13 il Sl @)l 53 55 g 4l > Bl 4l s g 4d)S 0 o ) il 028
e g ) of Colue plod g 00 s (Sam soly S 4y o),
Sdoa) ¥oY+ BN (5lel 090 (b 55 (S il 3y zlgel slasy Jlglys (Cl) slaisgs Julos apwloee gl ¥ Jgis
9 &5 039 ¥ 2y Slagse | OOS il )3 gloel el 35 Jlglyd Cunlig Jgio 51 a5 pshailon el o 03,91 (Jlo ¥
S o iy 4l 039, ¥ 3y ool 1 g, ¥ g b
(P an) cilitsen sz ge Jsb U 3w glgal 318y (1918 (CL) (o150 dhads slanins Jiow s F Jgaa

Table 4. Results of hierarchical cluster analysis (CL) of cold wave occurrence frequency with
different wavelengths (spatial dimension)
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Figure 3. Spatial distribution of different clusters obtained from cluster analysis (CL) of cold waves
with different wavelengths
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