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meteorological stations in Iran. Using Sen’s slope estimator,
results reveal a consistent warming trend across the country,
notably a significant increase in winter temperatures, implying
reduced snow-to-rain ratios and earlier snowmelt. At the
national scale, the increasing trend in ETo coupled with
decreasing precipitation paints a clear picture of Iran’s climate
becoming drier. Spatial analysis identified Western and
Northwestern Iran as “Hotspots of Change,” experiencing the
most pronounced temperature increases and precipitation
decreases, posing threats to regional water and food security.
A notable finding was the observed decreasing trend in ETo in
some southern stations, attributed to the “Evaporation
Paradox,” highlighting the importance of considering factors
like wind speed and solar radiation. Collectively, this study
provides robust evidence of escalating climatic stress on Iran’s
water resources and underscores the necessity for adaptive,
regionally-focused management strategies for vulnerable
areas.
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Extended Abstract

Introduction

Climate change and anthropogenic
activities have significantly altered large-
scale hydrological fluxes, including
precipitation, runoff, and
evapotranspiration, thereby affecting the
quantity and quality of surface and
groundwater resources worldwide. In
Iran, the drying of major water bodies
such as Lakes Urmia, Maharloo,
Hamoun, and Shadegan in recent
decades exemplifies these devastating
hydrological shifts. Global warming
increases the atmosphere’s moisture-
holding capacity, changing precipitation
and temperature patterns. Although
numerous studies have investigated
hydro-climatological trends in Iran, the
diversity in their spatial and temporal
scales has hindered a unified national
conclusion. Therefore, this study pursues
two main objectives: first, to update the
trend analysis of key  hydro-
climatological  variables  (minimum
temperature, maximum temperature,
precipitation, and potential
evapotranspiration), and second, to
provide an integrated and simultaneous
analysis of these variables across Iran’s
territorial scale on both annual and
seasonal bases.

Data

This research utilizes meteorological
data obtained from 62 synoptic stations
across Iran, featuring suitable spatial
distribution and a 30-year statistical
period (1986-2016). Iran, dominated by
arid and semi-arid climates (covering
~85% of its area) and complex
topography due to the Alborz and Zagros
mountain ranges, exhibits high climatic
diversity. Two primary datasets were

used: a) monthly data of minimum and
maximum temperatures and precipitation
to generate seasonal and annual time
series; b) daily data including
maximum/minimum temperatures, wind
speed, sunshine hours, and relative
humidity  to  calculate  potential
evapotranspiration. To allocate the
spatial weight of each station for national
averages, the Thiessen Polygons method
was employed.

Methodology

Daily Potential Evapotranspiration (ETo)
was estimated using the standard FAO-
56 Penman-Monteith equation within the
CropWat software environment. This
method, which incorporates various
meteorological variables, provides the
most reliable estimation of atmospheric
evaporative demand. To analyze the
long-term  trends of the hydro-
climatological  variables, the non-
parametric Sen’s Slope Estimator was
applied. This robust method calculates
the median of slopes between all
sequential pairs of data points, making it
highly resistant to outliers. The statistical
significance of the calculated trends was
evaluated at a 95% confidence level
(0=0.05).

Results

At the annual scale, results indicate a
pervasive and persistent warming trend
across the country. The national average
maximum and minimum temperatures
have significantly increased at rates of
0.06°C/year and 0.05°Cl/year,
respectively. Potential evapotranspiration
also showed a significant increase of
8.38 mm/year, while national
precipitation exhibited a non-significant
decrease of 1.58 mm/year.



At the seasonal scale, the most intense
changes were observed in winter. Winter
maximum temperatures surged by
0.111°C/year, accompanied by a
significant precipitation decline of 1.465
mm/year. Spatially, the western and
northwestern regions of Iran (along the
Zagros Mountains) were identified as the
primary hotspots of climate change,
experiencing the most severe warming
and precipitation reduction trends.
Conversely, while 85% of the stations
showed an increasing trend in ET,,
approximately 14.5% of the stations
located in southern Iran experienced a
decreasing trend in evapotranspiration
despite the general warming.

Discussion and Conclusion

The findings confirm that Iran’s climate
is distinctly transitioning toward warmer,
thirstier, and slightly drier conditions.
The intense winter warming carries
severe  hydrological  consequences,
specifically the reduction of the snow-to-
rain ratio and the premature melting of
mountain snowpacks. This disrupts the

streamflow regimes of perennial rivers
and exacerbates water scarcity during the
dry summer months. The concentration
of extreme climatic shifts (decreased
precipitation and increased temperature)
in the west and northwest—traditionally
the headwaters of Iran’s major rivers—
poses a strategic threat to national water
and food security. Furthermore, the
observation of the evaporation paradox
in the southern regions indicates that ETy
dynamics are not solely temperature-
driven; factors such as declining wind
speeds and solar radiation play crucial
roles in the surface energy balance.
Ultimately, this research underscores the
urgent need to shift from a centralized
water management approach toward
regional, adaptation-based strategies
tailored to the most vulnerable
watersheds.

Keywords: Climate change, Hydro-
climatological variables, FAO-56
Penman-Monteith, Sen’s slope estimator,
Evaporation paradox, Iran
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