Journallof/AppliediResearches)in
GeographicaliSciences

PrintISSN: 2228-7736 Online ISSN: 2588-5138
h&ps:f}jgs.khu.ac.[rf

Modeling and predicting the trend of temperature changes in Hamedan
County

Zohreh Maryanaji ™ ¥X' | Fatemeh Sotoudeh 2'£" | Meysam Toulabi Nejad 3% | Ziba Zarrin

1.Corresponding author, Associate Professor of climatology, Sayyed Jamaleddin Asadabadi University, Asadabad, Iran.
E-mail: maryanaji@sjau.ac.ir

2. Ph.D. in climatology, Department of Climatology, Faculty of Geographical Sciences, Kharazmi University, Tehran, Iran
E-mail: fsotoudeh@ymail.com

3. Ph.D. in climatology, Department of Climatology, Faculty of Geographical Sciences, Kharazmi University, Tehran, Iran
E-mail: Meysam.toulabi@gmail.com

4. Master of science in remote sensing engineering, K. N. Toosi University of Technology, Tehran, Iran.
E-mail: zz.zarrin@yahoo.com

Article Info ABSTRACT
Article type: Understanding and predicting future climatic conditions and
Research Article characteristics is crucial due to their implications for various aspects
S of life. This research aims to forecast trends in extreme temperatures
Article history: in the Hamedan region by employing statistical downscaling of
Received general circulation model data. The LARS statistical downscaling
2023/01/07 model has been utilized to downscale data from the HadGEM2-ES
Received in revised general circulation model and the coupled CMIP5 model under three
2023/01/20 emission scenarios (RCP2.5, RCP4.5, RCPE_%.S)_. Correlation estlma_tes
between the simulated and observed data indicate values exceeding
Accepted 0.95 for all months. Additionally, the p-values derived from statistical
2023/02/04 tests based on the model outputs demonstrate an acceptable level of
Published performance in data generation and simulation. Consequently, data
2023102105 from 2011 to 2050 were extracted and analyzed for trends. To
_ ) elucidate changes in trends, the data were examined across three
Published online distinct time intervals. The results indicate that in the optimistic
2025/05/21 scenario (RCP2.5), no significant trend is observed in the average and
minimum temperatures. In contrast, significant trends in temperature
data are evident under the RCP4.5 and RCP8.5 scenarios, suggesting
that the increase in average minimum temperatures reflects severe
Keywords: climatic changes, particularly affecting precipitation patterns during
Downscaling, the cold season. Furthermore, the analysis of the trend data reveals a
Lars Model, significant increase in average maximum temperatures on both annual
Trends, and monthly scales across all three examined scenarios, indicating an
extremes Temperatures, imminent environmental crisis.
Hamedan.

Cite this article: Maryanaji, Zohreh; Sotoudeh, Fatemeh; Toulabi Nejad, Meysam & Zarrin, Ziba. (2025). Modeling
and predicting the trend of temperature changes in Hamedan County. Journal of Applied Researches

in Geographical Sciences, 25 (77), 152-173. DOI: http://dx.doi.org/10.61186/jgs.25.77.17

© The Author(s). Publisher: Kharazmi University.
BY _NC DOI: http://dx.doi.org/10.61186/jgs.25.77.17



mailto:fsotoudeh@ymail.com
http://dx.doi.org/10.61186/jgs.25.77.17
http://dx.doi.org/10.61186/jgs.25.77.17
http://orcid.org/0000-0003-1290-2848
https://orcid.org/0009-0000-1131-2462
http://orcid.org/0000-0001-9654-9654
http://orcid.org/0000-0003-1290-2848

GeographicaliSciences

PrintISSN: 2228-7736 Online ISSN: 2588-5138
h&ps:f}jgs.khu.ac.[rf

[ﬁ] Journallof/AppliediResearches)in

Kharazmi University

Extended Abstract

Introduction

Climate change represents a paramount global challenge confronting humanity in the
contemporary era. The climate is undergoing significant transformations due to a multitude of
factors. This phenomenon has emerged as a critical issue, attracting the attention of researchers
and managers within the meteorological, agricultural, and resource sectors across various
nations. Between the years 1950 and 1993, the rate of increase in minimum temperatures was
approximately double that of maximum temperatures (Folland, 2001). According to the
Intergovernmental Panel on Climate Change (IPCC) report, the Earth’s temperature has risen
by 0.74°C over the past century, attributed to changes in greenhouse gas concentrations since
the onset of the industrial era (Chemura et al, 2011). The findings of this panel suggest that if
the current fossil fuel consumption trends persist, the concentration of carbon dioxide, a
prominent greenhouse gas, could escalate from 280 parts per million in 1750 and 379 parts per
million in 2005 to over 600 parts per million by the conclusion of the 21st century.

Material and Methods

The application of climate modeling across periodic scales and beyond encounters challenges
associated with computational and temporal limitations, particularly concerning the spatial
resolution of models at these time scales. To mitigate the issue of low spatial resolution in
general circulation models, two methodologies are employed: statistical downscaling and the
implementation of regional dynamic models. In this study, two categories of data were utilized.
The first category comprised daily minimum and maximum temperature data covering a
statistical period from 2000 to 2019 (20 years), sourced from the Meteorological Organization.
The second category included data derived from the HadGEM2-ES general circulation model
and the coupled CMIP5 model, analyzed under three emission scenarios (RCP2.6, RCP4.5, and
RCP8.5). The LARS-WG model serves as a statistical downscaling technigue. The performance

of the LARS model in simulating meteorological variables is deemed suitable, facilitating both
the reconstruction of historical station data and the extension of these data into the future. To
investigate and affirm the presence of temperature change trends, the Mann-Kendall statistical
method was employed. This test is appropriate for identifying and analyzing climate changes
evident in time series data (Goossens and Berger, 1986).

Results and Discussion

The estimated correlation between the simulated and observed data yields values exceeding
0.95 for all months, thereby substantiating the model’s efficacy in simulating and forecasting
temperature data. Furthermore, the p-values derived from the statistical tests associated with
the model outputs indicate that the model performs satisfactorily in generating and simulating
temperature data. In the context of the RCP2.6 scenario, the findings suggest that no
significant trend was established in the average monthly and annual minimum temperatures.
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Under the RCP4.5 scenario, the results indicate a significant decreasing trend in November and
December, as well as in the annual minimum temperature, at a 95% confidence level. However,
the Mann-Kendall statistic does not reveal any significant trend changes in the monthly and
annual maximum temperatures within the RCP4.5 scenario. In relation to the RCP8.5 scenario,
the Tau statistic indicates no significant trends in average minimum temperature on both annual
and monthly scales. Conversely, a significant decreasing trend is observed in the average
maximum temperature for May, while a significant increasing trend is noted for July; no
significant trends were established for other months or on an annual basis.

Under the RCP2.6 scenario, with the exception of May, which demonstrates a significant
decreasing trend, no significant trends were identified in the average minimum temperature for
the remaining months or on an annual basis. In terms of average maximum temperature,
significant decreasing trends are evident in May and November, while a significant increasing
trend is observed in March; however, no significant trend changes were confirmed for other
months or on an annual scale. The most pronounced temperature increase during the summer
season at the Hamedan station is associated with the RCP8.5 emission pathway, which is
projected to experience a rise of 2.3 degrees Celsius compared to observational data.

Conclusion

The study area is situated in the central-western region of the country and is classified as one of
the colder regions due to its elevation above sea level. The phenomenon of extreme temperatures
is a common climatic characteristic of this area. The results from the comparison of three time
periods indicated that, in the short term, trends in temperature changes are not particularly
evident; however, over the long term, variations in trends become distinctly apparent on a
monthly, seasonal, and annual scale. In the first two periods analyzed, based on the three
scenarios examined, the average minimum temperature in Hamedan is projected to exhibit
significant trends by 2050, both annually and monthly. Overall, it can be inferred that only under
an optimistic scenario can we expect a significant decreasing trend in temperature during the
spring months (May and June). Conversely, in the medium and pessimistic scenarios, the trend
in minimum temperature during these same months is expected to be increasing. Thus, the rise
in average minimum temperatures indicates severe climatic changes that could lead to
catastrophic environmental issues. Furthermore, the significant increase in average maximum
temperatures, observed annually and monthly across all three scenarios, signals an impending
crisis. The concurrent rise in minimum and maximum temperatures suggests that we should
anticipate a substantial increase in overall temperatures, which will impact other climatic
elements.
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