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Extended Abstract

Introduction: One of the greatest environmental challenges of the 21st century is climate
change, which has serious economic and social consequences. These changes are the driving
force behind global warming, the spread of droughts, and climate anomalies that directly affect
agricultural productivity. In Iran, the agricultural sector is one of the main pillars of the
economy, and the impact of these climate changes is highly noticeable. The arid and semi-arid
regions of Iran, especially in South Khorasan, are clearly affected by these changes. Climate
analyses indicate that by the years 2025 and 2050, the southern regions of Khorasan will
experience an increase in average air temperature by 1.5 to 2.3 degrees Celsius. Saffron, as one
of the strategic products and economic advantages of South Khorasan, is sensitive to
temperature changes and is most affected by climate change. The significance of saffron
cultivation in Iran is due to its high-water efficiency, job creation in rural areas, prevention of
migration, income generation, and the development of non-oil exports. Therefore,
understanding the consequences of climate change on saffron production and offering solutions
to mitigate these effects is of special importance. Past studies have shown that temperature and
precipitation are among the most significant factors influencing the risk and production of
agricultural products, including saffron. Many studies have been conducted in this area, most
of which focus on examining climate changes in a specific region. However, a limited number
of these studies have also considered the indirect effects arising from spatial spillovers in
neighboring regions in addition to examining the impact of climatic factors in one area. The
aim of this research is to investigate direct and indirect effects of spatial spillovers of
temperature, minimum and maximum temperature, precipitation, and relative humidity on
saffron yield in the counties of South Khorasan over the period from 2011 to 2023. In addition
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to examining the direct effects of climate change on saffron yield, this study also analyzes the
indirect impacts of these changes through spatial spillovers of climatic variables on saffron
yield in neighboring regions. The use of spatial econometric methods in this research represents
the innovative aspect of this study.

Materials and Methods: In this research, meteorological data from the South Khorasan
Meteorological Organization for variables such as precipitation, average temperature, average
maximum temperature, average minimum temperature, and relative humidity (percentage) on
an annual scale for the statistical period 2011-2023 has been collected. This study was
conducted at the provincial level in South Khorasan and in 11 counties: Boshrouyeh, Birjand,
Khousf, Darmian, Zirkuh, Sarayan, Sarbisheh, Tabas, Ferdows, Qaen, and Nehbandan. Data
on saffron yield were also obtained from the Agricultural Jihad statistics of South Khorasan
province. A spatial panel model was estimated using Statal7 software.

Results and Discussion: The result showed in the SAC and SDM models, temperature had
different effects: in the SDM model, maximum temperature had a negative and significant
impact on saffron yield, while in the SAC model, minimum temperature had a positive and
significant impact. Additionally, relative humidity had a positive and significant impact only
in the SEM model. The SAC model was selected as the optimal model, indicating no significant
impact of precipitation and a negative and significant impact of temperature on saffron yield.
Moreover, minimum temperature had a positive and significant impact. The spatial parameters
also showed a positive and significant spatial correlation, highlighting the importance of spatial
effects in data analysis.

Conclusion: Based on the results of this study, some recommendations are presented to
improve saffron yield in South Khorasan Province. Firstly, temperature management is crucial
for saffron cultivation, as increased temperature negatively impacts saffron yield. Therefore, it
is suggested that farmers use cooling methods, such as shade nets and efficient irrigation
systems, to mitigate the negative effects of temperature rise. Developing precise climate
prediction and monitoring systems can help farmers plan better and adopt appropriate measures
to cope with climate change. Secondly, although precipitation and relative humidity did not
have a significant impact on saffron yield, previous research indicates that water resource
management and the use of effective irrigation techniques, especially in low-rainfall areas, can
help improve saffron yield. Using optimal agricultural techniques and improving planting and
cultivation methods can also increase the productivity of agricultural lands. Educating farmers
in this regard will be very effective as well. Finally, it is recommended to conduct more
research on the effects of climate change and spatial spillovers on saffron in various regions of
the country so policymakers and farmers can make better decisions for managing and
improving saffron yield tailored to different climates, ensuring better climate condition
management and improving saffron productivity nationwide.
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Table 1. Average Cultivation Area, Production, and Yield of Saffron, and Climatic Variables by
Counties of South Khorasan Province during the Period of 2011 to 2023
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Count . . .
@) (ton) &kg/h?  (mm) (o) (o) (o) (o)
y .
Cultivation Total Yield Rainfall Average Max Min Relative
Area Product Temperature Temperature Temperature Humidity
g da 1136 3.219 2.9250 108.80 19.90 27.62 12.38 32.07
Boshruyeh
X 919 3.245 3.4540 125.59 16.86 25.25 8.56 30.23
Birjand
Cig> 494 1.721 3.0040 85.39 19.98 27.53 12.47 30.23
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oy 287 1.060 3.6540 115.05 16.02 23.22 3.93 30.23
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Tabas
9,8 2613 8.282 3.2360 130.82 18.22 24.68 11.68 31.00
Ferdows
B 4792 16.668 3.4900 149.55 15.63 23.73 7.51 40.07
Qaen
Gl 172 0.548 3.0340 93.55 20.53 27.92 13.11 25.84
Nehbandan

O FYess,olas olos sl L) )
Source: Agricultural Statistics Yearbook, 2024
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Table 2. Levin, Lin & Chu (LLC) Unit Root Test

e o)Ll Jei! bl 4z
Variable Statistic  Probability  Stationarity Result

olie; o Shes -7.3634 0.002 b 5o Lk
Saffron Yield Stationary at level

o0k -10.2775 0.000 s o Ll
Rainfall Stationary at level

Lo ¢Sile -7.8147 0.0942 s ;5 Ul
Average Temperature Stationary at level

Lo ,iSTas (Sl -7.9593 0.0000 s o bl
Maximum Temperature Stationary at level

Les Jila> (nuSileo -7.7749 0.0001 b 5o Lk
Minimum Temperature Stationary at level

s Cugb) -11.0179 0.0000 b 5o Lk

Relative Humidity

Stationary at level

Ok sloatl:ais

Source: Research Findings
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Table 3. Diagnostic Tests for Spatial Panel Model

")L"~| 2Lad gam 5 1095 slad gl 2bad ()90 Py (lad
Statistic SAR SEM SDM SAC
ohse 0.2660(0.0000) 0.2660(0.0000) 0.2191(0.0000) 0.2660(0.0000)
Moran's |
S 0.7934(0.0000) 0.7934(0.0000) 0.8396(0.0000) 0.7934(0.0000)
Geary
o 606.3760(0.0000) 606.3760(0.0000) 499.4775(0.0000) 606.3760(0.0000)
Getis
5L5Y slas 37.9000(0.0000) 37.9000(0.0000) 23.8725(0.0000) 37.9000(0.0000)
LM Error
51,5 aids 43.6734(0.0000) 43.6734(0.0000) 36.1950(0.0000) 43.6734(0.0000)
LM Lag
Aed ,03 5L5Y gl 5661.7940(0.0000) 5661.7940(0.0000) 2880.0000(0.0000) 5705.4600(0.0000)
Robust LM Error
Sied 03 551,5Y aidy 5667.5668(0.0000) 5667.5668(0.0000) 2880.0000(0.0000) 5705.4600(0.0000)
Robust LM Lag
R? 0.8195 0.8840 0.7449 0.9071

u*'-“ﬁf 6L""’ d.dl;c.wo

Source: Research Findings
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Table 4. Estimated Results of Spatial Econometrics Models

olas probability ol probability ol probability oges probability variables
SAR SEM SDM SAC
0.0001 0.984 0.0008 0.578 0.0017 0.250 0.001 0.908 b
R
-0.116 0.119 0.109 0.553 0.408 0.042%* -0.094 0.023 ** Los uSiles
T
-0.06 0.378 0.004 0.960 -0.350 0.001 == -0.0447 0.173 Los iSTa> Slos
Max T
0.119 0.122 -0.907 0.336 -0.112 0.332 0.114 0.012 ** los JBla> pSile
Min T
0.008 0.604 0.034 0.017 ** 0.002 0.846 0.005 0.583 o g
RH
_ . - - 8.37e-7 0.511 - . ol olad )y
W* R
_ - - - -0.002 0.002 - _ s oSl L 5o, oo
W*T
_ _ _ _ 0.004 0.421 _ . oSl (olas e
Les yiSlas
W* Max T
_ _ _ _ 0.002 0.001 _ _ Jolas (o Sile ol ) peo
Lo
W* MinT
7.87 e-6 0.584 sl Sasky (218 )
W* RH
_ - - - -0.004 0.000 *** lolo¥
A
0.001 0.000 *#* - - - - 0.003 0.000 = 5
P
0.780 0.00 == 0.769 0.000 == 0.697%= 0.000 #*= 0.617 0.000 #*= L;i...;
Sigma

FRo sleal iae

s e lis ) oy ) g0 Ve mhaw j0 (ks e

1 Oloeusgd

Source: Research Findings
*>* *** indicate significance levels at 10%, 5%, and 1%, respectively.
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