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Extended Abstract

Introduction: Climate change is one of the most significant environmental challenges
of the 21st century, with profound impacts on agriculture, especially in arid and semi-
arid regions such as South Khorasan Province, Iran. Saffron is a strategic and valuable
product, with 90% of the world's cultivation area and 93.7% of global production of
this product belonging to Iran. Saffron is a low-maintenance plant, well-suited for
cultivation in the arid and semi-arid regions of the country, and it also offers high
economic returns. Considering the specific climatic conditions of Iran, where water is
one of the limiting factors for agricultural development, saffron is an ideal agricultural
product. One of the parameters influencing agricultural crop performance is the vapor
pressure deficit (VPD). VPD is not only a critical factor affecting plant physiology but
also has a significant impact on the water requirements of plants However, the
increasing vapor pressure deficit (VPD) caused by climate change has directly affected
saffron yield. Vapor pressure deficit (VPD) is an index representing the difference
between the actual moisture content of the air and the maximum moisture that the air
can hold. This index is influenced by temperature and relative humidity and can be
calculated using meteorological data. This study aims to examine the long-term impacts
of VPD on saffron yield and predict its performance using artificial intelligence (Al)
models.

Materials and Methods: In this study, climatic data including monthly data of
temperature, humidity, precipitation, and vapor pressure deficit (VPD) were obtained
from the JRA-55 database for the years 1958 to 2023 for four regions of South
Khorasan Province (Birjand, Tabas, Esfeden, and Sarayan). These data were processed
using tools in the ArcGIS environment. Saffron yield data for the years 2005 to 2023
were collected from the South Khorasan Agricultural Organization and Vapor pressure
deficit was calculated using existing equations. To predict the long-term saffron yield,
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four artificial intelligence algorithms, including Random Forest (RF), Generalized
Additive Model (GAM), Random Subspace (RSS), and M5P, were used. The models
were evaluated using the cross-validation technique to avoid overfitting or underfitting.
To assess the performance of the models, statistical indices such as correlation
coefficient (CC), mean absolute error (MAE), root mean square error (RMSE), and
relative root mean square error (RRMSE) were used.

Results and Discussion: The long-term analysis of vapor pressure deficit (VPD)
changes and its impact on saffron yield in the studied regions revealed a gradual
increase in the annual average VPD over the past 60 years. The decadal increase in
average VPD for Birjand was 60 Pa, Sarayan 100 Pa, Qaen 40 Pa, and Tabas 50 Pa.
The reduction in saffron yield averaged annually as 0.16 kg/ha for Birjand, 0.2 kg/ha
for Sarayan, 0.13 kg/ha for Qaen, and 0.14 kg/ha for Tabas. Statistical indices were
used to evaluate the performance of the models in both the training and testing stages.
The performance of the Random Forest model was superior to the other models in both
the training and testing phases [RRMSE= 0.01, RMSE= 0.09, MAE= 0.06, CC= 0.99]
,RRMSE= 0.01, RMSE= 0.28, MAE= 0.23, CC= 0.94], The Generalized Additive
Model (GAM) performed similarly to the Random Forest model during the training
phase and ranked slightly lower in performance during the testing phase. The Random
Subspace (RSS) model showed moderate performance in both the training and testing
phases, with better performance during training compared to testing. The M5P model
demonstrated poorer performance compared to the other models. These findings
highlight the significant impact of increasing VPD on saffron yield due to climate
change. The RF model, owing to its high accuracy and ability to handle complex
relationships among variables, proved to be the best model for saffron yield prediction.

Conclusion: This study demonstrated that VPD, as a climate-sensitive parameter, plays
a critical role in reducing saffron yield. The results indicated that all combined models
are, to some extent, suitable for predicting crop yield. Among the algorithms used, the
Random Forest model provided more accurate predictions due to combining the results
of multiple decision trees and its ability to prevent data overfitting. This study
recommends using the Random Forest model for future research on saffron yield
prediction based on VPD to manage water requirements.
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