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Article Information Abstract

Aim: The aim of this research is the future projection of climatic elements

over the northwest Yazd province using RCP scenarios.

Material & Method: This study uses simulating the climate variables,

Vol: 14 namely, precipitation and average temperature of Yazd province in the

No: 52 baseline period (2001-2020), by using the LARS-WG6.0 model and four
’ models of CMIP5, for three possible emission scenarios (such as RCP 2.6,

P: 1-23 RCP 4.5, and RCP 8.5). By introducing the best model, it uses downscaling

S ad- the climate variables for the future 2026-2055 and 2071- 2100.
Recelved: 2023-02-15 Finding: According to the results, BCC-CSM1-1 and NorESM1-M models

Research Paper

Revised: 2023-04-19 are introduced as the best models in projecting the mentioned variables with
Accepted: 2023-05-03 low error and acceptable NRMSE. The most significant increase in the

_p temperature variable will occur in the period 2100-2071 and RCP8.5, so the
Published:  2023-08-23 temperature in the NorESM1-M model increases from 1.13 to 3.93 degrees

Celsius in scenarios 2.6 and 8.5, respectively. The amount of rainfall in 2071-
2100 will decrease compared to 2055-2026, and in some stations, it will
increase or decrease compared to the average of the base period.

Keywords: Conclusion: In future periods, the temperature will increase in the region
. Yazd Province and the greatest increase in RCP8.5. Precipitation in the future fluctuates so

« Projection that it will have the most remarkable changes in RCP2.6.
. Climate Change Innovation: In this research, for future projection of climatic elements over
« Downscaling the northwest Yazd province using GCM-CMIPS5 models and RCP scenarios
« Representative concentration (RCP2.6, 4.5, and 8.5). After analyzing the error statistics, we chose BCC-
pathway (RCP) CSM1-1 and NorESM1-M models to project future temperature and rainfall

and better understand the region's climate. Therefore, the results of this study
can be applied to regional planning, including meteorology, water resource
management, and combating desertification.
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Extended Abstract

1. Introduction

Global warming and climate change are some of the most critical environmental phenomena in recent
decades, which cause a range of challenges for agriculture, forests, and water resources. General circulation
models have earned the ability for the future by simulating and adapting climate behaviors with facts. Future
projections based on temperature have increased scenarios, and its impact on natural systems has caused
attention to climate change and management methods to reduce its consequences. Due to the location of
Yazd province in the center of Iran along with population increase, water shortage, consecutive droughts
in the past few decades, and the spread of desertification phenomenon, in this research, according to
common estimating, simulating and projecting models, Climate change was investigated in this
geographical area and climatic variables were downscaled using CMIP5 models under three RCP scenarios
for the future periods.

2. Materials and Methods

In this research, the change of precipitation and temperature parameters over Yazd province in the base
period (2001-2020) with four general circulation models (BCC-CSM1-1, CSIRO-MK36, HadGEM2-ES,
and NorESM1 -M) from the CMIP5 series, under three scenarios RCP2.6, RCP4.5 and RCP8.5 were
simulated using the LARS-WG6 model. Then, the best model in the region was determined by evaluating
statistics such as NRMSE and MAE to project future climate parameters. Based on the three mentioned
scenarios, the best models' output was exerted to simulate the future climate change projection in the region
in two time periods: 2026-2055 and 2071-2100, and the projection results were evaluated.

3. Results and Discussion

The results show the optimal performance of the LARS-WG6 model in simulating climatic parameters in
the province. The first step in analyzing the effects of climate change on Yazd province is to quantify the
changes in climate variables. Based on the simulation results of precipitation and temperature parameters,
BCC-CSM1-1 and NorESM1-M models with the lowest error statistics and acceptable NRMSE (less than
39% and 44%, respectively) are the best models in the region introduced. The results show a consistently
increasing trend in average temperature values for climate models in both future periods compared to the
baseline period. The average temperature in the winter months (January-March) is lower than the summer
months (June-August), and the NorESM1-M model has predicted higher temperatures than the BCC-
CSM1-1 model in all RCP scenarios and months in future periods. Both models in all stations have
predicted that the average temperature at the end of this century (2071-2100 period) in all scenarios is
higher than the base period. With the increase of the RCP scenario, the average temperature also increases.
The annual average temperature changes fluctuate from RCP2.6 to RCP8.5, respectively, to the amount of
+0.79 to +3.81 (°C) in the BCC-CSM1-1 model and to the amount +1.13 to +3.93 (°C) in NorESM1-M
model in the 2071-2100 period. The rate of monthly and annual precipitation changes from 2026-2055 to
2071-2100 will be different for all models and RCP scenarios. However, compared to the BCC-CSM1-1
model, the NorESM1-M model estimates a more noticeable increase and decrease in precipitation in the
near and far future, respectively. In most stations, the precipitation in the summer months is close to zero
compared to the base period. The most considerable decrease and increase in annual precipitation in the
BCC-CSM1-1 model is -9 (Nodoshan station) mm and +10.73 (Ashkezar station) mm, and in the
NorESM1-M model, is -8.77 (Nodoshan station) mm and +16 (Meibood station) mm. In the BCC-CSM1-
1 model in the 2026-2055 period and both models in the 2071-2100 period, precipitation changes increase
in the RCP2.6 more than the other two scenarios, and except for the Ashkezar station, in other stations, the
increase in the RCP scenario, precipitation is reduced.

4. Conclusions

According to the results, the BCC-CSM1-1 and NorESM1-M models are introduced as the best ones in
projecting the mentioned variables with low error and acceptable NRMSE. The highest temperature
increase will occur in the 2071-2100 period and RCP8.5, so the temperature in the NorESM1-M model
increases from 1.13 to 3.93°C in scenarios 2.6 and 8.5, respectively. The amount of precipitation in the
2071-2100 period will decrease compared to the 2026-2055 period, and it is increasing or decreasing
compared to the average of the base period in some stations. So, the precipitation changes on stations in the
near future between -9.40 and +16 mm and at the end of this century, between -9 and +10.73 mm. In the
future, precipitation will have the most and least changes in RCP2.6 and RCP4.5, respectively. The possible
consequences of this situation in the future include an increase in evapotranspiration and water stress, a
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decrease in soil water and groundwater recharge, an increase in wind speed and the creation of dust storms,
an increase in drought, and the area of deserts in the region. These conditions will lead to the destruction
of ecosystems, threatening vital systems and settlements. Therefore, integrated management and strategies
to reduce climate change and ecosystem destruction in this province are necessary to plan and manage the
challenges expected in the future.
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2. Hydrologic Modeling System developed by the Hydrologic Engineering Center
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