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Abstract: Variation is an inherent characteristic of the

climate. Over time, the change in the frequency distribution of
the temperature at a location can reach a point where that
location leaves behind its previous climate and accepts a new
type of climate. In this case, the evolution of the temperature
frequency distribution can be a suitable indicator of climate
change. In hot and arid climatic regions such as Iran, where
water resources are already very scarce, the evolution of the
temperature frequency distribution can have significant
consequences for water and energy demands. A detailed
understanding of the changes that have occurred in the
frequency of different temperature intervals across various
points of Iran over time has been the goal of this research. To
achieve this goal, daily maximum temperature reanalysis data
(ERAS) for 44 years were evaluated using Singular Value
Decomposition (SVD). This investigation showed that over
the warmer parts of Iran, the frequency of temperatures below
20°C, and over the colder parts, the frequency of temperatures
below 10°C, have decreased. In contrast to this decrease, over
the warmer parts of Iran, the frequency of temperatures above
40°C, and over the colder parts, the frequency of temperatures
above 30 degrees Celsius, have increased.
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Extended Abstract

Introduction

Climate change manifests not merely as
an increase in mean temperature but more
fundamentally as a shift in the frequency
distribution of temperature. It is this
alteration in distribution that drives both
changes in the mean and the
intensification of extreme events. The
scale parameter (variance) of the
distribution plays a crucial role in
determining the frequency of extremes,
and its socio-economic and ecological
impacts are at least as significant as those
of the mean. In Iran, research has
predominantly focused on trend analysis,
often overlooking the more fundamental
changes occurring within the temperature
frequency distribution. This study aims to
address the question: Over the past four
decades (1979-2022), which maximum
temperature categories have experienced
changes in frequency, in which parts of
Iran, and to what extent?

Data and Methods

Daily maximum temperature data were
obtained from the ERAS5 reanalysis
dataset with a spatial resolution of 0.25° x
0.25° for the domain covering Iran (25-
40°N, 44-64°E) over a 44-year period
(16,071 days). The temperature range,
from -23°C to 54°C, was divided into 77
bins of 1°C width. For each grid cell, the
annual frequency of occurrences within
each temperature bin was calculated and
converted to a relative percentage
frequency. This process resulted in a four-
dimensional array (location x location x
temperature X% time). To facilitate
analysis, this array was reduced to a two-
dimensional matrix of dimensions 4941
(grid cells) x 3388 (temperature bin-

years) by merging spatial dimensions and
then the temperature-time dimensions.
This matrix was centered by subtracting
the spatially weighted mean of each
column. Singular Value Decomposition
(SVD) was then applied to this centered
matrix to extract the dominant spatial
patterns and their corresponding temporal
evolution patterns of the frequency
distribution.

Findings and Results

The spatially weighted mean of the
frequency distribution revealed that
temperatures between 20°C and 35°C
have been the most frequent throughout
all years. Notably, since 1998, high-
frequency cores (>3.5%) have emerged
for the 30-35°C temperature range,
indicating an increasing prevalence of
these temperatures across the country.
The long-term (spatio-temporal) mean
distribution exhibited a bimodal pattern,
with peaks around 22°C and 33°C.
Examining the temporal evolution of
Iran's temperature frequency distribution
clearly shows a warm shift. The national
mean maximum temperature increased
from 23.0°C in the first half of the period
(1979-2000) to 24.5°C in the second half
(2001-2022). A comparison of these two
halves demonstrates a decrease in the
frequency of all temperatures below 25°C
and an increase for all temperatures above
25°C. The most substantial increase was
observed for the 37-40°C range, while the
most significant decrease occurred for
temperatures near 0°C.

The SVD results, based on the first left
singular vector, partitioned Iran into two
main climatic regions: the high-elevation
areas with negative values ("Cold Iran")
and the low-elevation areas with positive
values ("Warm Iran"). The corresponding



first right singular vector delineated the
temperature evolution patterns, showing
that temperatures near 10°C are most
frequent in "Cold Iran", while those near
40°C dominate in "Warm Iran". This first
mode explained nearly 29% of the total
variance.

Further analysis of these regions revealed
distinct changes. In "Cold Iran", the
frequency of temperatures below 10°C
has decreased, while that of temperatures
above 30°C has increased. In "Warm
Iran", the frequency of temperatures
below 20°C has decreased, concurrent
with an increase in the frequency of
temperatures exceeding 40°C. These
findings underscore that the warming
pattern is not spatially uniform, with cold
and warm regions experiencing different
shifts in their temperature frequency
distributions.

Conclusion

Over the past four decades, the maximum
temperature frequency distribution of Iran
has undergone a significant evolution.
This evolution is characterized by a

decline in the frequency of mild and cold
temperatures and a marked increase in the
frequency of warm and extremely hot
temperatures. The 1.5°C rise in the
national mean temperature is a direct
consequence of a 4.6% increase in the
frequency of summer days (Tmax =
25°C) and an equivalent decrease in
cooler days. In coastal areas of the Oman
Sea, the frequency of such summer days
now exceeds 80%. Concurrently, the
frequency of icy days (Tmax < 0°C),
critical for sustaining the country's snow-
dependent water resources, has decreased
by approximately 1.3%, signaling
reduced snow cover and heightened water
stress. These profound changes pose
serious challenges for the current
demographic plans, water and energy
resource management, and underscore the
urgent need for adaptive strategies to cope
with Iran's emerging climate regime.
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