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is expected to continue. However, these changes do not occur uniformly on a global
scale, making it necessary to assess their impacts at the regional level. Examining
these effects in each region is essential for a more accurate understanding of future
challenges and related planning. This study investigates the effects of climate change
on climatic variables using the MRI ESM2.0 climate prediction model in accordance
with the sixth CMIP6 report in Lordegan and Borujen, employing temperature and
precipitation data recorded at these two stations from 2000 to 2014. Subsequently,
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future atmospheric conditions were forecasted for two twenty-year periods: the near
future (2020-2040) and the distant future (2040-2060), based on three designed
emission  scenarios—optimistic  (SSP1-2-6), intermediate (SSP2-4-5), and
pessimistic (SSP5-8-5). By comparing the parameters of the baseline period with the
predicted future values, the Borujen and Lordegan stations are expected to see an
increase in average minimum temperatures ranging from 1.3 degrees Celsius in the
optimistic scenario during the near future to approximately 2.6 degrees Celsius in the
pessimistic scenario in the distant future compared to the baseline period. For
maximum temperatures, an increase between 1.2 and 3.1 degrees Celsius is observed
across all selected scenarios. Additionally, when comparing the historical and
predicted average total precipitation at the target stations, a significant decrease in
future rainfall is anticipated relative to the baseline period, with this decrease
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expected to be greater in the distant future than in the near future. Specifically, the
projected reduction in precipitation for Borujen is estimated to range from 7.5% to
11%, while for Lordegan, it is expected to vary from 12% to 14.7%. The results of
this study can contribute to future water resource management, establish effective
programs to address climate change, and prepare the ground for informed decision-
making and appropriate planning.

1. Introduction
limate change refers to long-term shifts in weather conditions. As climate change occurs, weather variables

such as temperature and precipitation change in different regions. The phenomenon of climate change,
through changes in climatic variables like temperature and precipitation, causes alterations in the integrated
water resources system. According to research results from the Intergovernmental Panel on Climate Change
(IPCC), this phenomenon has negative impacts on water resources in countries within arid and semi-arid
regions of Asia, including Iran. Climate change is a global issue affecting agriculture, water resources,
energy, food security, public health, and ecosystems. Addressing climate change has therefore become a
key action for many countries. To project climate changes on various systems, including agriculture and
water resources, General Circulation Models (GCMs) are used. The World Climate Research Programme
has issued a series of experiments known as the Coupled Model Intercomparison Project since the 1990s.
These models provide targeted and high-quality simulations for a better understanding of past climate
changes and for conducting projections and uncertainty estimates in the future. General Circulation Models
(GCMs) do not have uniform resolution and accuracy, and their accuracy and efficiency vary in different
regions. Furthermore, the reliability of GCMs depends on their ability and accuracy in reproducing baseline
climate characteristics and future periods. These capabilities are valuable for water resource engineers as
they facilitate effective planning and strategic decision-making. Ultimately, evaluating the performance of
GCMs is crucial as it enables us to simulate and predict various climate scenarios, empowering us to make
informed choices. The sixth phase of the Coupled Model Intercomparison Project (CMIP6) brings
significant advancements compared to its predecessor, CMIP5. The collection of sixth assessment reports
presented by the Intergovernmental Panel on Climate Change (IPCC) serves as one of the most important
scientific resources in the field of climate change, examining climate change scenarios and their effects on
societies and the environment.

2. Methodology
Lordegan County, with an area of 2,407 square kilometers, accounts for 16% of the total area of

Chaharmahal and Bakhtiari Province. Geographically, this county is situated between longitudes 50 degrees
and 16 minutes to 51 degrees and 20 minutes east, and latitudes 31 degrees and 9 minutes to 31 degrees and
39 minutes north. Borujen County, with an area of 2,256.2 square kilometers, represents 14% of the
province’s total area. The specifications of the stations studied are presented in Table (1).

Table 1 Characteristics of the Measurement Station

Altitude Above Sea Level (m) Climate Type Latitude Longitude Vg/; ‘:}2?{
Emberger: Humid Svnoptic
1611 De Martonne: 51.3 315 ynop
X Lordegan
Mediterranean
Emberger: Cold Arid Synoptic
2260 DeMartonne: Arid 50.83 31.98 Borujen
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3. The sixth report of CMIP6
Mathematical models known as General Circulation Models (GCM) are used to predict future climate

changes. The reliability of these models depends on their ability to reproduce climatic features and future
periods accurately. Since the 1990s, the World Climate Research Program has initiated the Coupled Model
Intercomparison Project (CMIP) to enhance the understanding of past climate changes (Flato and
Hargreaves, 2011). The sixth reports of the Intergovernmental Panel on Climate Change (IPCC) examine
climate change scenarios and their impacts on communities. These reports analyze risks and mitigation
strategies to reduce the negative effects of climate change using scientific data and advanced models. The
scenarios under consideration include temperature increases, changes in precipitation patterns, and sea-
level rise. Additionally, these scenarios relate to social factors such as sustainable development and
inequality and incorporate more layers compared to previous generations of models.

4, MRI ESM2.0 model
The MRI ESM2.0 model consists of four main components: the Atmospheric General Circulation Model

with land processes (AGCM), the Sea-Ice-Ocean General Circulation Model, and models for aerosols and
atmospheric chemistry. This model is essentially an integration of interactive models for aerosols and
atmospheric chemistry within a coupled atmosphere-ocean model. The MRI model was designed and
developed at the Japan Meteorological Research Institute. The latest version, MRl ESM2.0, was developed
in 2017 based on its earlier models that were part of the fifth phase of the Coupled Model Intercomparison
Project (CMIP5), undergoing numerous advancements to provide highly accurate climate simulations. This
advanced model has a horizontal resolution of 100 kilometers for the atmosphere and ocean, and 250
kilometers for aerosols and atmospheric chemistry, which is similar to its predecessors. Increasing
horizontal resolution would incur significant computational costs; therefore, the vertical resolution was
enhanced instead to better represent physical processes and atmospheric circulation in the model. Studies
show that the MRI-ESM2.0 model has high efficiency in estimating the mean temperature over the area of
Iran compared to other CMIP6 models. Its lower horizontal resolution contributes to improving and
reducing the uncertainty of the parameters predicted by the model.

5. LARS-WG model
The LARS-WG model is a weather generator based on time series methods that can be used to simulate

meteorological data at a station under current and future climatic conditions. This generator utilizes
observed weather data from a given station to derive the parameters of probability distributions for climate
variables and to establish the relationships between them, generating data relevant for future periods.

6. Performance evaluation criteria
To assess the model’s performance in predicting climatic data for precipitation and temperature at the

studied stations, the following statistical indices were used: Mean Absolute Deviation (MAD), Root Mean
Square Error (RMSE), and the Kling-Gupta efficiency (KGE) metric.

7. Results
The results indicated that the model is highly accurate in simulating maximum and minimum temperature

parameters. However, it exhibits a higher error in simulating precipitation compared to the other parameters.
During the baseline period, the predictive model that demonstrates the highest correlation with the
observational data is selected, and precipitation and temperature values are generated or reconstructed for
the baseline period and subsequently for the future. Considering that the computed mean values of the
observational and model simulation data series are very close, it can be said that the MRI-ESMZ2.0 model
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is suitable for climate prediction in the studied stations for the near future (2020-2040) and the distant future
(2040-2060). The RMSE, MAD, and KGE coefficients are employed as suitable metrics to express the
difference between the simulated and measured values. For the Borujen station, under the optimistic
scenario SSP1-2.6, the moderate scenario SSP2-4.5, and the pessimistic scenario SSP5-8.5, an increase of
1.2 to 3.1 degrees Celsius in the maximum temperature and an increase of 1.3 to 2.65 degrees Celsius in
the average minimum temperature are expected for the near to distant future compared to the baseline
period. Based on the examination and comparison of the simulated future average precipitation relative to
the baseline period, the Borujen station is projected to experience a decrease in rainfall across all emission
scenarios. Given the climate of the Lordegan region, a slight increase in minimum and maximum
temperatures is observed at this station under the optimistic scenario, with a more significant increase under
the pessimistic scenario. The graphs indicate that the trend of precipitation changes in the Mediterranean
and humid climate of Lordegan will decrease in the near future from 1.2% to 12% and in the distant future
from 3.6% to 14.7%. I’'m unable to perform web searches at the moment due to a temporary limitation.

8.  Discussion and Conclusion

This research examines the impact of climate change on temperature and precipitation variables recorded
at the synoptic stations of Lordegan and Borujen, which have two different climates, using the MRI ESM2.0
climate prediction model in the CMIP6 sixth assessment report. The study uses designed scenarios for the
baseline period of 2000-2014 and employs them to predict future weather conditions based on three
scenarios: optimistic SSP1-2-6, moderate SSP2-4-5, and pessimistic SSP5-8-5, over two twenty-year
periods in the near future (2020-2040) and the distant future (2040-2060). The results of the model
performance error analysis showed that MRl ESM2.0 is highly accurate in simulating maximum and
minimum temperature parameters but exhibits a greater error in simulating precipitation parameters
compared to the other two parameters. In future periods, the increase in the average maximum temperature
in the cold and dry climate of Borujen will be greater than in the warm and humid climate of Lordegan for
daily maximum temperatures. Regarding rainfall, it can be said that the future decrease in precipitation in
the Mediterranean and humid climate of Lordegan shows greater changes compared to the cold and dry
climate of Borujen. By correcting the output of the selected model in the future emission scenario,
acceptable values for temperature and precipitation can be obtained. These reports are used as a reliable
resource for organizations, policymakers, and the scientific community to make appropriate decisions
regarding the management and reduction of the effects of climate change.
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