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In this study, we aimed to predict the trends of climatic parameters affecting almond
growth from 2021 to 2100. We utilized the IPSL-CM5A-LR and GFDL-ESM2M models
from the CMIP5 report, as well as the GFDL-ESM4 and IPSL-CM6A-LR models from the
CMIP6 report. These models were selected based on their high coefficient of determination
(r?) with temperature and precipitation data from the Birjand station, outperforming the
other 10 models. Kendall's rank correlation test results revealed that the average,
maximum, and minimum temperatures exhibited an increase of over 3 degrees Celsius,
while precipitation showed a decreasing trend. These findings suggest a prevalence of dry
conditions during the study period from 2021 to 2100. Furthermore, the climate models
showed that the RMSE (Root Mean Square Error) and MAD (Mean Absolute Deviation)
values for temperature in all the examined models were below 1.322. The GFDL-ESM2M
model displayed the lowest RMSE and MAD values, with numerical values of 1.023 and
0.997, respectively. However, all models' RMSE and MAD values for precipitation were
above 10. Overall, the CMIP6 models (RMSE for temperature and precipitation: 1.156 and
14.463, MAD for temperature and precipitation: 1.139 and 12.583) performed better in
predicting temperature and precipitation in the study area, exhibiting lower mean errors
compared to the CMIP5 models. The only exception was the MAD value for precipitation
11.703 (RMSE for temperature and precipitation: 1.172 and 13.479, MAD for temperature
and precipitation: 1.140 and 11.703). Finally, due to the increase in minimum and
maximum temperatures and decrease in precipitation, the future conditions of the crops are
facing a challenge.
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Introduction

The agricultural sector and food security are susceptible to weather conditions, making them vulnerable to
climate change. Agricultural productivity and the quality of farming products affect weather patterns. Climate
change can influence crop performance, rainfall patterns, evaporation rates, and water demand in agriculture.
Almond cultivation is prevalent in regions with favorable climatic conditions due to the adaptability of almond
trees to their environment. Numerous studies have examined the effects of climate change on agriculture,
including studies by Di Lena et al. (2018), Gul et al. (2020), Meza et al. (2023), Granco et al. (2023), and Jha et
al. (2023). Considering the significance of this topic and the existing research, this study aims to assess the
effects of climate change on almond growth in Birjand County, located in South Khorasan province, using
models from the CMIP5 and CMIP6 reports.

Materials and Methods

This study utilized data on the climatic and ecological requirements of almond trees, including the minimum
tolerable temperature during different growth stages (bud development to flowering, flowering to fruiting, and
fruiting to fruit growth), as well as the chilling requirement, cold temperature, and maximum tolerable
temperature during these growth stages. The CMIP5 report was employed, specifically the IPSL-CM5A-LR and
GFDL-ESM2M models, with consideration of the RCP 2.6, RCP 4.5, and RCP 8.5 scenarios, to evaluate the
impact of climate change on future almond production. The CMIP6 report was also utilized, especially the
GFDL-ESM4 and IPSL-CM6A-LR models, under the SSP1.2.6, SSP3.7.0, and SSP5.8.5 scenarios.

Results

To assess the trends of climatic parameters impacting almond growth, the CMIP5 report models IPSL-CM5A-
LR and GFDL-ESM2M, as well as the CMIP6 report models GFDL-ESM4 and IPSL-CM6A-LR, were selected.
Initially, we identified the top 10 models with the highest coefficient of determination (%) for temperature in
Birjand. From them, we selected two models from CMIP5 and two models from CMIP6 with the highest
coefficient of determination for further analysis.

The trend of precipitation and temperature changes in the observed and modeled periods based on the
CMIP5 report scenarios

Table 8 demonstrates that the IPSL-CM5A-LR model increased mean, minimum, and maximum temperatures in
all three scenarios compared to the observed period. The greatest increases were observed in the RCP 8.5
scenario, with values of 30.6, 37.3, and 23.4 for the mean, maximum, and minimum temperatures, respectively.
The growing degree days index also showed the highest increase in the RCP 8.5 scenario, with a value of 3005.9.
Additionally, the percentage of frost days and the duration of the frost period increased.

The trend of precipitation and temperature changes in the observed and modeled periods based on the
CMIP6 report scenarios

The assessment of simulation accuracy in the CMIP6 report scenarios utilized RMSE and MAD indicators
(Table 11). The examined models showed that the RMSE and MAD values for temperature were all below 1.322
in the examined models, with the GFDL-ESM2M model exhibiting the lowest RMSE and MAD values of 1.023
and 0.997, respectively, indicating high simulation accuracy. However, the models performed poorly in
evaluating the precipitation parameter, as indicated by RMSE and MAD values exceeding 10 across all models.
Overall, the CMIP6 models (RMSE for temperature and precipitation: 1.156 and 14.463, MAD for temperature
and precipitation: 1.139 and 12.583) provided more accurate predictions of temperature and precipitation in the
study area with lower mean errors compared to the CMIP5 models, except for the MAD of precipitation, which
had a value of 11.703 (RMSE for temperature and precipitation: 1.172 and 13.479, MAD for temperature and
precipitation: 1.140 and 11.703).

Conclusion

The study examined the phenological stages of almonds and found that bud formation occurred between the 18th
of March and the 25th of March during the observed period. However, based on the IPSL-CM5A-LR and
GFDL-ESM2M scenarios in the CMIP5 report, the bud formation dates ranged from the 7th to the 15th of March
and the 9th of March to the 19th of March, respectively. Similarly, based on the IPSL-CM5A-LR and GFDL-
ESM2M scenarios in the CMIP6 report, the bud formation dates ranged from the 9th to the 19th of March and
the 8th of March to the 18th of March, respectively. These findings indicate an accelerated fulfillment of the
almond tree's heat requirement in the Birjand region and an increased temperature, which can impact the plant's
growth stages and water requirements. The results from the IPSL-CM5A-LR and GFDL-ESM2M models in
CMIP5, as well as the IPSL-CM6A-LR and GFDL-ESM4 models in CMIP6, all indicate an increasing trend in
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average, minimum, and maximum temperatures, along with a decreasing trend in annual precipitation.
Furthermore, the study examined temperature and precipitation indices during the almond growth period to
investigate the impacts of climate change on the climatic parameters affecting almonds. The IPSL-CM5A-LR
model showed an increase in mean, minimum, and maximum temperatures in all three scenarios compared to the
observed period. The RCP 8.5 scenario showed the utmost increase in all three indicators, with the growing
degree days index experiencing the highest rise. The percentage of frost days and the duration of the frost period
also increased, posing risks to almond growth during the growth period.
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