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Introduction

Crop yield forecasting requires low-cost, high-precision technology to facilitate
agricultural management. Sustainable agriculture is of great importance, as it strives
to optimize crop yields. Meanwhile, increasing crop yield by reducing environmental
impacts is an important and challenging task for sustainable food supply in this century.
Wheat is one of the most important food products in the world and Iran. Due to its
economic and nutritional value, decision-makers must monitor wheat crop growth
and yield parameters during the season. Therefore, this research aims to estimate
crop yield using some climatic indicators. Climate indices are different mathematical
combinations of meteorological data. Each climate index has a specific trend in the
simulation of the surrounding environment, so it is necessary to identify the effective
index in each region. In most of the previous research, the correlation between the
indices and the yield of the product was used. However, this research proposed a
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and objectives. These methods provide targeted decisions because they can manage the inherent
complexity and uncertainty of the issues, as well as the knowledge resulting from the participation
of several factors. MCDM can make the quality of decisions clearer, more efficient, and more
logical, which leads to justifiable and explainable choices. In addition, MCDM promotes the role
of participants in the decision-making process, facilitates compromise and group decisions, and
provides a suitable platform for stakeholders to share their personal preferences. To decide on the
appropriate climate index selection in each climate of the modeling process, multi-criteria decision-
making (TOPSIS) was used based on five evaluation criteria, and Shannon’s entropy was used to
determine the weight of the criteria.

Results and Discussion

The period used in this research was 22 years, and the period from 2018 to 2021 was considered the
verification period. The Hurst coefficient was used to check the length of the statistical period, and
the average Hurst coefficient for all indicators is 0.65, which is greater than 0.5, so the length of the
statistical period of the series is acceptable. The values of the indices in West Azarbaijan province
have increased compared to East Azarbaijan; for example, in the Ivanov index, the rate of increase
from East Azarbaijan station to West Azarbaijan is 1.38, in the VCI index, it is equal to 51.01 and in
the aridity index, it is 62.01. Using a combination of indices is highly accurate under the condition of
using an index with better performance in single-index mode; for example, the rate of SIM increase
from single-index to four-index mode in East Azerbaijan province is 20.94. The trend of changes
in statistics is not the same in all cases, so to make a comprehensive conclusion about determining
the optimal index based on the performance of all statistics, the TOPSIS method was used. In West
Azarbaijan province, in the case of a single index, first, the Ivanov index and then the aridity index,
and in East Azarbaijan province aridity index, VCI, and Silyaninov have a high rank. In the case
of two indicators, the combination of aridity index and VCI in East Azerbaijan Province and the
combination of Angstromand Ivanov in West Azerbaijan Province have a better rating. In the case
of three indicators, in West Azerbaijan province, Ivanov-Silyaninov and PEI indices have better
performance, and in East Azerbaijan province, aridity-VCI and PEI indices have better performance.
In the case of four indicators, in East Azerbaijan province, the combination of Long-De Martonne-
aridity and VCI indices, and in West Azerbaijan province, Koppen 2-3-Angstromand Ivanov has
better performance.

Conclusion

Determining the effective climate index in each region for crop yield forecasting is a powerful
tool for decision-making in crop management and improvement. The results showed that using a
combination of indicators is more accurate than using a single indicator. The reason for this problem
can be stated that in the combined mode, corrections are made in terms of the used data and terms
of the mathematical structure. The effect of the type of indicator in each climate on the crop yield
is different. East and West Azarbaijan Provinces are very similar in terms of climate, but indices
along with the Ivanov index in West Azarbaijan Province and the aridity index in East Azarbaijan
Province have a high impact on wheat yield. This problem shows that each region has its index in the
simulation of climatic processes governing the crop yield. The use of other multi-criteria decision-
making approaches or their integrated mode can be one of the suggestions of this research. By using
a suitable and accurate index, the forecasting of the crop yield becomes closer to the actual values.
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Table 1. The used indices in the research along with the required equations and data
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