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Objective: This study was conducted with the aim of identifying the distribution pattern
and trends of mean, minimum, and maximum temperatures at the Tabriz synoptic station
during the period 1975-2024, as well as estimating future changes based on new
scenarios. The findings are intended to serve as a scientific basis for policymakers and
planners in developing effective adaptation strategies. Additionally, this research seeks
to address the gap in localized climate projections for the Tabriz region by employing
state-of-the-art CMIP6 models and multiple emission scenarios, thereby providing a
more comprehensive understanding of potential future climate conditions and their
implications for various socio-economic sectors.

Method: Trends were evaluated using the non-parametric Mann—Kendall test and Sen's
slope estimator. For future projections, CMIP6 models were employed with a baseline
period of 1995-2014 and four 20-year time intervals (2020-2039, 2040-2059, 2060—
2079, 2080-2099) under scenarios SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5. The
multi-model ensemble mean approach was utilized to reduce uncertainties, and
uncertainty ranges (P10-P90) were calculated to provide a comprehensive understanding
of future variability. Additionally, monthly and seasonal-scale analyses were conducted
to identify the most sensitive periods and to better understand the temporal distribution
of warming trends, which is crucial for sector-specific adaptation planning.

Results: The results indicated that during the observational period, the annual mean
temperature increased from 12.4 to 14.1 °C. The trend in maximum temperature was
significant and increasing, with a Sen's slope of 0.058 °C per year. Minimum temperature
also showed a significant upward trend, with a slope of 0.034 °C per year. In the future
projections, all months and scenarios indicated rising temperatures; under moderate
scenarios, the increase was mainly between 1-2 °C, while under SSP5-8.5, maximum
temperature was projected to rise by 6-8 °C. The most pronounced warming was
observed during summer months, with uncertainty ranges widening over time,
particularly under high-emission scenarios.

Conclusions: The findings revealed that short-term analyses are less reliable due to
climatic fluctuations; therefore, long-term investigations combined with multi-model
approaches can provide more robust results. The significant warming trends underscore
the urgency of implementing adaptive measures in water resources, agriculture, energy,
and public health sectors. The projected increase in summer temperatures highlights the
need for enhanced cooling infrastructure and heatwave preparedness plans. Overall,
proactive planning based on robust scientific projections is essential for mitigating the
adverse impacts of climate change in the Tabriz region..
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1. Introduction

Climate change, particularly temperature
variations, has become one of the most
significant global challenges, with far-reaching
environmental, economic, and social
consequences. lran, due to its geographical
location in low latitudes, is among the countries
most vulnerable to these changes (Farajzadeh,
2019; Ashteh, 2014). Studies indicate that the
most severe heat waves in Iran occur in autumn
and winter, leading to increased evaporation,
altered precipitation regimes, and accelerated
snowmelt (Baharvandi et al., 2020). Most local
research has focused on CMIP5 projections
using single models or limited model ensembles
without explicitly addressing inter-model
uncertainty (Zarin & Dadashi Rudbari, 2021;

2. Methodology
This study was conducted at Tabriz synoptic

station (38°12'N, 46°23'E, 1361 m elevation) in
northwestern Iran. The research consisted of
two parts: trend analysis of minimum, mean,
and maximum temperatures over 50 years
(1975-2024) using the non-parametric Mann-
Kendall test and Sen's slope estimator; and
future temperature projection using CMIP6
multi-model ensemble means for four future
periods (2020-2039, 2040-2059, 2060-2079,

3. Results

Mann-Kendall test results revealed significant
increasing trends for all temperature variables
during 1975-2024 (p < 0.001). Mean
temperature increased by 0.044°C/year (Sen's
slope), minimum temperature by 0.034°C/year,
and maximum temperature by 0.058°C/year.
Under SSP5-8.5, annual mean temperature is
projected to rise from 11.58°C (2020-2039) to
16.04°C (2080-2099), representing a 6.4°C
increase relative to the base period (9.65°C).

Zanouzi Alamdari et al., 2024; Shahbazi Kia et
al., 2022). However, this study employs a multi-
model ensemble approach using CMIP6 outputs
and four SSP scenarios to explicitly report
uncertainty ranges and provide practical
strategies for local decision-makers. The
present study, which integrates controlled
station data for historical temperature analysis
with CMIP6 projections, represents a novel
contribution to understanding both past and
future temperature behavior in the Tabriz
region. Accordingly, this research aims to
identify temperature trends and project future
changes in mean, minimum, and maximum
temperatures at Tabriz synoptic station using
CMIP6 model outputs.

2080-2099) under four SSP scenarios (SSP1-
2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5). Historical
data were obtained from the Iran
Meteorological Organization, and after quality
control, missing values were corrected using
averaging methods. Model outputs from 32
CMIP6 models were used, with the base period
of 1995-2014. Uncertainty ranges (P10-P90)
were calculated to assess inter-model
variability.

Minimum temperature under SSP5-8.5 shows
an increase from 4.01°C (base) to 9.99°C by
century's end. Maximum temperature under
SSP5-8.5 is projected to reach 22.00°C by
2080-2099, a 6.7°C increase from the base
period (15.29°C). The highest warming is
projected for summer months (July-August),
exceeding 7-8°C under SSP5-8.5, with
uncertainty ranges widening over time,
particularly under high-emission scenarios.
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4. Discussion

The findings demonstrate that Tabriz has
experienced significant warming over the past
50 years, with the most pronounced increases
occurring in maximum temperatures. This
warming trend is consistent with global patterns
and previous regional studies (Farajzadeh &
Feizi, 2012; Almaszraei et al., 2021). The
projected temperature increases under all SSP
scenarios indicate that warming will continue
regardless of emission pathways, though the
magnitude varies considerably. Under SSP1-
2.6, warming is limited to approximately 2°C,
while under SSP5-8.5, warming could exceed
6°C by 2100. The widening uncertainty ranges
(P10-P90) in later periods reflect increasing
divergence among climate models, particularly
under high-emission scenarios, highlighting the
importance of considering multiple models and
scenarios for robust planning. The seasonal
analysis reveals that summer warming will be
most  severe, with potentially critical
implications for energy demand, public health,
water resources, and agriculture.

Author Contributions
In the preparation and writing of this article,
all authors have contributed equally. All stages

Data Availability Statement

Data available on request from the
authors.

Ethical Considerations

All authors affirm that this research was
conducted in accordance with ethical standards,
with no data fabrication, falsification, or
plagiarism.

Conflict of Interest
The authors declare no conflict of interest.

5. Conclusion

This study confirms a significant and
accelerating warming trend at Tabriz synoptic
station over the past five decades, with
projections indicating continued temperature
increases through 2100 under all scenarios. The
magnitude of future warming is highly
dependent on emission pathways, with SSP5-
8.5 projecting increases of over 6°C in mean
annual temperature, compared to approximately
2°C under SSP1-2.6. These changes will have
profound implications for energy consumption
(particularly cooling demand), public health
(heat-related  illnesses),  water  resource
management (increased evaporation and altered
precipitation  patterns), and agricultural
practices (changes in growing seasons). The
findings underscore the urgent need for long-
term adaptation strategies and informed
decision-making at local and regional levels.
The multi-model ensemble approach with
explicit uncertainty quantification provides a
robust scientific basis for developing climate-
resilient policies in the Tabriz region.
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Projected Average Minimum Surface Air Temperature
East Azarbayejan, Islamic Republic of Iran; (Ref. Period: 1995-2014), Multi-

Model Ensemble
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