DOI: 10.22059/IJAEDR.2020.293331.668846 Alotl (639liS Arug g Slasdl clinios alxe
(YY) VFe v Y ojlad ,OY-Y 650

Economic evaluation and analysis of the effects of climate change on alfalfa
yield in Iran (With drought mitigation approach)

HALIMEH JAHANGARD!?, HABIBOLLAH SALAMI? NASER SHAHNOUSHI
FOROUSHANI*} MEHDI KAZEMNEZHAD*, MAHMOUD SABOUHI®
1, Ph.D. Student, Department of Agricultural Economics, Faculty of Agriculture, Ferdowsi
University, Mashhad Iran
2, Professor of Department of Agricultural Economics,Faculty of Agricultural Economics

and Development, University of Tehran, Karaj, Iran

3, 5, Professors of Department of Agricultural Economics, Faculty of Agriculture,

Ferdowsi University,Mashhad, Iran
4, Assistant Professor of Agricultural Economics and Rural Development Research
Institute, Tehran, lran

(Received: Dec. 28, 2019- Accepted: Aug. 16, 2020)

ABSTRACT

Alfalfa is the most important forage crop in Iran, which is cultivated in almost all provinces of
the country. Considering the economic importance of alfalfa and its sensitivity to drought stress
and its special physiological characteristics in drought resistance, this study investigates the risk of
drought in different regions on the one hand and the relationship between alfalfa production and
drought-determining parameters on the other hand. For this purpose, first the probability of drought
in different regions of Iran was calculated based on RDI index, which showed that the probability
of drought in some regions of the country is higher than other regions. Then, by estimating the
climatic response function of alfalfa yield based on the time series data of 1992-2016 and using the
spatial panel method, the effects of precipitation and temperature changes as the two main effective
drought reversals on alfalfa yield were investigated. Based on the results of this study and taking
into account climate forecasts and the status of available water resources in the future, the
development of alfalfa cultivation in the northwestern and western regions of the country and
limiting the cultivation of this crop in the eastern regions, will have positive economic effects.
Also, using the physiological characteristics of alfalfa in dormancy with temporary cessation of
irrigation and allocation of water to alfalfa rotation can be used as a strategy in managing water
consumption in drought stress conditions.
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Extensive Abstract
Objectives

More than 80 percent of Iran's area is arid and semi-arid with average rainfall less than one-third
of the global average. These condition, with the occurrence of intermittent droughts, confirms Iran's
favor for more dry and consequently its instability in crop production and self-sufficiency. Alfalfa
is one of the most important forage products produced in the country in the last five years. It has
accounted for more than 60 percent of forage crops and 12 percent of the country's total agricultural
land. The importance of alfalfa in supplying the country's needed forage on the one hand and the
existence of a drought crisis and the likelihood of a drought occurring in the country on the other
hand, make it necessary to examine the response of this crop to climate-influencing droughts.
Therefore, the present study aimed to investigate the effects of drought on alfalfa production by
looking at the effects of drought determinants such as temperature and precipitation and
investigating the probability of drought occurring in different regions of the country. To help
formulate appropriate strategies for enhancing the economic benefits of alfalfa cultivation,
especially in drought conditions and modifying its effects.

Methods
In this study, after investigating the risk of drought, we estimated the climate response of alfalfa
yield to climate variables. Due to the consistency of the available data with the structure of the RDI

E-mail: naser.shahnoushi@gmail.com oyl ol i Jgtue oot g *



https://ijaedr.ut.ac.ir/issue_10505_10781.html
https://ijaedr.ut.ac.ir/article_82423.html

VFeo Y o)l.c..i“()\’—\’ o)sbu‘))|‘5))5m4.tw5;5¢w‘umdm Y-v

index and its advantages over other indices in the drought study, this study uses RDI index, which
is calculated based on rainfall information and monthly temperature. Also, in order to investigate
the effects of drought on alfalfa production, yield of this product is considered as a function of
rainfall and average temperature. Considering the background of related studies, while emphasizing
on the average rainfall and temperature of crop growth season, due to alfalfa hysteresis structure,
climatic variables of summer are also considered. In addition, due to the preference of the nonlinear
form to the linear one based on some previous studies, the model has been used nonlinearly and
considering the trend as representative of technology changes. Due to the cross-sectional nature of
the data and the necessity of considering spatial heterogeneity and spatial dependencies, the panel-
based econometric approach is used.

Results

Investigating the probability of drought in different provinces of the country, based on 60 years
of precipitation data and monthly average temperature, using RDI index showed that relative to
some provinces, the probability of drought is much more severe than other provinces. Estimates of
the alfalfa climate response function show that one of the most important climatic variables is the
growing season temperature. July temperature also has a positive effect on alfalfa yield. But the
temperature of August and September is negative and significant. The main reason for this result is
due to the properties of alfalfa, which is dormant under drought stress. This physiological feature of
alfalfa means that in areas with crop rotation and farmers re-cultivate after wheat, they usually
reduce their alfalfa quota and use their irrigation capacity for other crops during these months.
Although this result initially leads to a reduction in yield and its production, but in the management
of crops with intermittent alfalfa crops, this process in many cases increases the value of total
production. Autumn rainfall also naturally increases yields by increasing runoff and soil moisture.
Based on the results of this study, the strategy of developing alfalfa cultivation in the western and
northwestern provinces, which have more conditions than other regions of the country in terms of
water resources, was developed at a rate of 10% of the area under cultivation in the 2017 year. It
was calculated based on the price of alfalfa in 2017. According to the calculations made, if the
mentioned strategy is applied, the total production of alfalfa has increased by 12% compared to the
production of the 2017 year, which affected on the income of alfalfa producers. Therefore, the
development of alfalfa cultivation in the agricultural cultivation pattern of the western and
northwestern regions of the country can have a direct and positive economic effect on the income
of farmers in these regions, in addition to the side benefits of alfalfa cultivation.

Discussion

The results of estimating the climatic response function of alfalfa yield show the results that can
be effective in determining effective strategies to optimize the alfalfa cultivation pattern in Iran.
From the results of estimating the climatic reaction function of alfalfa in general, two important
conclusions can be drawn to improve the alfalfa cultivation pattern. The first conclusion goes back
to the positive effects of rising temperatures during the growing season on alfalfa yield. Therefore,
the development of alfalfa cultivation can have positive effects on increasing yield and alfalfa
production, taking into account climate forecasts for temperature changes that confirm the increase
in temperature. However, the existence of limited water reserves in many parts of the country and
based on climate forecasts regarding changes in temperature and precipitation parameters and water
reserves in different parts of the country, the development of alfalfa cultivation in the western and
northwestern regions of the country is suggested. The second point that can be deduced from the
results of estimating the climatic response function of alfalfa yield is related to the effects of
temperature variables of the warm month of the year, which is negative and significant which refers
to specific physiological characteristics of alfalfa. From this result it can be inferred that alfalfa, in
addition to being an important crop for economic gain, can be used in the management of water
consumption of farms that have activities such as weaving in rotation with alfalfa, in conditions the
incidence of drought stress in the warm months of the year should be considered. Therefore, the
development of alfalfa cultivation in susceptible areas of the country along with the improvement
of production technology of this important crop, in addition to having direct and indirect economic
effects on farmers' incomes, has positive effects of managing water resources in drought
conditions.
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