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Abstract: Changes in extreme climatic patterns, as the most

prominent consequence of global warming, have created serious
hydrological and ecological challenges in mountain ecosystems. This
study analyzes the trends of extreme climate indices at the Sardasht
synoptic station by examining downscaled temporal trends of 10
temperature and precipitation extreme indices (ETCCDI) over a 40-year
period (1986-2025). After daily data quality control, the Mann—Kendall
test and Sen's slope estimator were applied. The findings reveal a
structural transformation in the region's climate regime, as a warming
signal is observed across all temperature indices with statistical certainty
(95% to 99.9%). The warm spell duration index has increased with a
slope of +3.115 days/year, and tropical nights with a rate of +1.081
days/year, indicating intensified heat stress and disruption of nocturnal
cooling. Conversely, frost days and ice days have decreased at rates of —
1.259 and —1.059 days/year, respectively, confirming the decline of
harsh winters and shortening of the cold season. Regarding precipitation,
although the annual total shows no significant trend, the increase in the
simple daily intensity index (+0.062 mm/day per year) suggests a shift
toward short, intense downpours. Overall, the climate of Sardasht is
transitioning from a temperate mountain phase toward conditions with
compound extreme hazards (flash floods and heatwaves).
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Extended Abstract
Introduction

Changes in extreme climate patterns,
as a prominent consequence of global
warming, have created serious
hydrological and ecological
challenges, particularly in
mountainous ecosystems. This study
aimed to investigate the trend of
extreme climate indices at the
Sardasht  synoptic  station by
analyzing the temporal trends of
temperature and precipitation extreme
indices (ETCCDI) over a 40-year
statistical period (1986-2025). Due to
its location in the high-precipitation
belt of the northern Zagros and its
critical role in supplying water to the
Little Zab river basin, Sardasht
possesses specific sensitivity, making
the precise analysis of extreme events
essential.

Materials and Methods

This study utilized daily
meteorological data, including total
precipitation, minimum temperature,
and maximum temperature, from the
Sardasht synoptic station (elevation

1480 meters) spanning from January

1, 1986, to November 16, 2025.

Following quality control of the daily
data, the non-parametric Mann-
Kendall test and Sen's slope estimator
were employed to determine the trend
and magnitude of changes in the
indices.

Results

The research findings revealed a
structural transformation in the
regional climate regime, with a
warming signal observed across all
temperature indices with statistical
certainty (95% to 99.9%).
Quantitative results indicated that the
Warm Spell Duration Index (WSDI)
increased at a steep rate of +3.115
days per year, and Tropical Nights
(TR20) increased at a rate of +1.081
days per year, signifying the
intensification of thermal stress and
disruption of nighttime cooling
mechanisms. Conversely, a
significant decrease in frost days and
ice days at rates of -1.259 and -1.059
days per year, respectively, confirmed
the decline in harsh winters and the
shortening of the cold season.
Regarding precipitation, although the
total annual precipitation lacked a

significant trend, the Simple Daily



Intensity Index (SDII) increased by
+0.062 mm/day per year, indicating a
shift in the nature of precipitation
towards severe, short-duration
downpours.

Conclusion

This study demonstrates that the
climate of Sardasht, influenced by

asymmetric ~warming and the

intensification of the hydrological

cycle, is transitioning from a
temperate mountainous phase toward
conditions characterized by
compounding extreme hazards, such

as flash floods and heatwaves

Keywords: Climate change, Extreme
indices, Asymmetric warming,

Precipitation intensity, Sardasht.
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      ∑  w = 1  w    R R  w j  W


  S =   ∑  k = 1  n − 1    ∑  j = k + 1  n  s g n   (   X  j − X k )


  τ =     s  n −  ( n − 1 ) /   2


  VAR   ( S ) =    1 18 [    ( n − 1 )   ( 2 n + 5 )


    ∑  p = 1  q  t p    ( t p − 1 ) (   2 t  p + 5 )   ]


    ∑  p = 1  q  t p    ( t p − 1 ) (   2 t  p + 5 )   ]


  Z =    {      s − 1   V A R   ( S )   i f   S > 0   0   i f   S = 0     s − 1   V A R   ( S )   i f   S < 0


  f  ( t ) = Q t + B


    Q  i =       X  j −   X  k  j − k   , i = 1 , 2 , 3 ,   … … N , j > k

