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Abstract: This study investigates the spatio-temporal

variations in the frequency of dry days (precipitation < 1 mm)
and their longest consecutive spells across Iran during the
period 1970-2021, using daily data from 411 synoptic
stations. Kriging interpolation was applied for spatial analysis,
the Mann—Kendall test for trend detection, and the
Alexandersson test (SNHT) for identifying significant
breakpoints. Results indicate that the national annual mean
frequency of dry days is 328 days, with a minimum of 247
days in the southwestern Caspian region and a maximum of
355 days in western Sistan and Baluchestan. Approximately
62.6% of the country's area experienced frequencies above the
spatial mean. A significant increasing trend was observed over
89.12% of the territory, whereas only 10.64% showed a
decreasing trend. The longest recorded consecutive dry spell
(>600 days) occurred in western Sistan and Baluchestan in
December 2016. The Alexandersson test identified 1998 as a
significant shift point; thereafter, the mean frequency of dry
days increased by approximately 8 days, and the maximum dry
spell duration nearly doubled. Anomaly analysis of frequency
and duration reveals that these changes predominantly
occurred in central, southern, and eastern regions. This pattern
aligns with alterations in the general atmospheric circulation
over Southwest Asia. The findings warn that Iran is
transitioning from seasonal dryness toward more extreme and
persistent aridity conditions.
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Extended Abstract

Introduction

The occurrence of dry days serves as
a critical component of the
hydrological cycle, playing a decisive
role in water resource distribution,
ecosystem stability, and food security.
In recent decades, under the influence
of global warming and shifts in
atmospheric  circulation patterns,
many arid and semi-arid regions
worldwide, including Iran, have
experienced intensified and prolonged
precipitation-free periods. However,
most prior studies have focused on
linear long-term trends, leaving the
non-linear nature of  climate
variability and the occurrence of
abrupt  shifts  (breakpoints) in
precipitation regimes largely
underexplored. This study aims to
bridge this knowledge gap by
investigating the  spatiotemporal
variability in the frequency and
longest duration of consecutive dry
days (defined as days with
precipitation <1 mm) across Iran over
the period 1970-2021, to elucidate the
country's climatic transition from
seasonal aridity to persistent and
extreme drought conditions.
Material and Methods
The analysis  utilizes daily
precipitation records from 411
synoptic stations distributed across
Iran over a 52-year period (1970—
2021). Following rigorous quality
control, days with precipitation below
1 mm were classified as "dry days,"

and two primary indices were
computed: the annual frequency of
dry days and the maximum length of
consecutive dry spells. To generate
continuous  spatial surfaces and
analyze geographic patterns, ordinary
Kriging interpolation was employed.
Temporal trends were assessed using
the non-parametric Mann-Kendall
test. Furthermore, to detect abrupt
shifts and statistical breakpoints in the
time series, the Standard Normal
Homogeneity Test (SNHT),
commonly known as the
Alexandersson method, was applied.
This technique compares the means of
time series segments before and after
a hypothetical breakpoint to identify
the year of significant climatic shift at
a 95% confidence level.
Results and

Spatial analysis revealed a national

Discussion

average annual frequency of 328 dry
days, with a minimum of 247 days in
the southwestern Caspian coast and a
maximum of 355 days in western
Sistan and Baluchestan.
Approximately 62.6% of Iran’s area
experiences frequencies above the
spatial mean, underscoring the
widespread nature of dry conditions.
The Mann-Kendall test indicated a
statistically ~ significant increasing
trend across 89.12% of the country,
while only 10.64% exhibited a
decreasing trend. The longest
recorded consecutive dry spell
exceeded 600 days, culminating in
January 2017 in western Sistan and



Baluchestan. The Alexandersson test
identified 1998 as a significant
breakpoint year in the national dry-
day regime. Comparing the pre-
breakpoint (1970-1997) and post-
breakpoint  (1998-2021) periods
reveals that the average annual
frequency of dry days increased by
approximately 8 days, and the
maximum dry spell duration nearly
doubled. Anomaly maps demonstrate
that these changes are predominantly
concentrated in central, southern, and
eastern Iran. This spatiotemporal
pattern aligns with large-scale
atmospheric circulation shifts over
Southwest Asia, including the
intensification of the subtropical high-
pressure system and teleconnection
oscillations. The rain-shadow effect
of the Alborz and Zagros mountain
ranges is also evident in prolonging
dry spells across their leeward slopes.
Conclusion

The findings confirm that Iran’s
precipitation regime has undergone a
systematic and non-linear transition.
The identification of 1998 as a
climatic tipping point, coupled with a
dramatic increase in the duration of
consecutive dry periods (particularly

in central and eastern regions), signals
a shift from conventional seasonal
dryness to persistent, multi-year, and
extreme drought conditions. This
hydrological transformation poses
severe challenges for water resource
management, rain-fed and irrigated
agriculture, food security, and the
resilience  of  drought-sensitive
ecosystems. Consequently, revising
climate adaptation strategies,
developing non-linear predictive
models, and transitioning from
reactive to  proactive  drought
management are imperative to
mitigate national vulnerability in the
coming decades. The findings of this
study indicate that Iran is no longer
dealing with conventional, seasonal
aridity; rather, it stands on the
threshold of entering an era of
extreme and persistent drought. The
intensification and prolongation of
dry events pose profound challenges
to water security, agriculture, food
security, and the sustainability of
water-sensitive ecosystems.

Keywords:

Dry day, Dry spell duration, Mann-
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