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Introduction

The assessment of risks in the agricultural sector serves as the foundation for developing risk management strategies. This
is achieved through the analysis, identification, and prioritization of risks. It also acts as a tool to assist decision-makers
in the agricultural sector to comprehend, confront, and manage risks, while identifying potential mitigation, transfer, and
response mechanisms. Furthermore, it can be utilized to establish effective risk management strategies. There are several
approaches to assess drought vulnerability and risk, with these two critical components being calculated using various
indicators in different studies. The vulnerability index comprises exposure, sensitivity, and adaptive capacity as its major
components. These elements significantly influence studies that utilize vulnerability indices to investigate the impacts of
climate change and natural disasters. Therefore, the primary objective of this study was to evaluate the risks associated
with wheat production, with a specific focus on vulnerability indices.

Materials and Methods

This study investigated drought risk, drought vulnerability, and drought hazard in Northeast Iran (North Khorasan and
Razavi Khorasan provinces) on rainfed wheat production during 2009-2018. Exposure, sensitivity, and adaptive capacity
determine the agricultural drought vulnerability. Two parameters of soil water holding capacity and level of
mechanization were considered effective adaptive capacity factors in reducing the negative effects of drought on rainfed
wheat production. The Combined Compromise Solution (CoCoSo) method was used to solve the multi-criteria
agricultural drought vulnerability index problem.

Results and Discussion

Results showed that among the 12 counties in Khorasan provinces, 3 are exposed to low drought vulnerability, 3 to
moderate drought vulnerability, and 6 are highly or very high vulnerable. Counties with less drought vulnerability have a
high score in terms of the adaptive capacity index, attributed to the high water-holding capacity of the soil in these areas.
Drought hazard is primarily influenced by the weight and severity of SPI, with regions in the very high drought hazard
classes mostly located in North Khorasan. In general, rainfed wheat is produced with low and medium risk in 11 counties
of North Khorasan and Razavi Khorasan provinces. The lowest risk of dry wheat production was in Farouj (located in
North Khorasan), and the highest risk is related to Sarakhs (in Razavi Khorasan).

Conclusion
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In arid and semi-arid regions, many production systems may disappear in the future. Therefore, risk assessment within
the agricultural sector becomes crucial to quantify both the quantity and quality of risk while examining the potential
consequences of a potential incident. This approach is critical for understanding, confronting, and identifying appropriate
strategies to mitigate, transfer, and manage these risks. It provides valuable insights to decision-makers in the agricultural
sector and serves as a basis for developing appropriate risk management solutions.

Considering the undeniable impact of climate change on agriculture in arid and semi-arid regions, the dependence on
available soil water and level of mechanization, components of the adaptive capacity index in this study, may no longer
be sufficient. Hence, it is essential to explore alternative methods, including crop improvement, to reduce vulnerability to
drought. In this respect, technologies such as soil cover applications and nutrient management can significantly contribute
to reducing vulnerability to drought.
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! Drought vulnerability Index
2 Drought risk Index
3 Normalized difference vegetation index
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Table 1- Characteristics of the study area
SEREEY

“esye w2 5 Sl ) 8 Production of rainfed w2 a5 >
Location Cultivated area rainfed wheat (ha) Yield rainfed wheat (kg h')
wheat (ton)

ol 4126513 3422716 829
Iran

2 ol 59623 28700 481

Razavi Khorasan
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Table2- Rainfed wheat yield in Razavi Khorasan and North Khorasan Counties during the years 2009-2010 to 2017-2018

No, b esd bl 2009- 2010- 2011- 2012- 2013- 2014-  2015- 2016- 2017- . Sile
" County Province ~ 2010 2011 2012 2013 2014 2015 2016 2017 2018 ...
5y3i5% o Gl
1 B)' “d North 987 501 754 602 831 949 1400 594 653 808
ojnor Khorasan
e Cof g gl
2 Torbat- Razavi 480 200 450 191 260 473 750 480 300 398
heydarieh Khorasan
)'f).\ L59‘9‘) LJL'"‘)>
3 b Razavi 800 280 900 463 480 709 1490 713 480 702
argaz Khorasan
ol e plals
4 Raz- North 886 450 677 623 667 655 1400 505 555 713
jargalan Khorasan
: S5y Ol
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Khorasan
s Jedglls
6 o9 North 723 410 449 641 715 751 1600 570 626 721
Shirvan
Khorasan
6 e plul>
7 a2 North 761 691 519 735 372 887 1600 687 755 779
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Lu)s Ey2) OL“"P
8 o Razavi 550 350 500 245 350 378 950 223 350 433
Fariman
Khorasan
Y] 892y gl
9 o= Razavi 874 650 750 490 492 803 1650 259 580 728
Ghuchan
Khorasan
10 Razavi 870 502 1050 436 290 945 1490 450 596 737
Kalat
Khorasan

11 olilewsal  Jlsolls 1010 412 781 689 838 654 1300 618 678 776
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Table 3- Indicators to check the efficiency of the data set of Era5
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Index Abbreviation sign Best amount Formula Description

n (0, — P;)2
Root Mean Square Error RMSE 0 DG ) )
n

! Reanalysis data

2 European Centre for Medium-Range Weather Forecasts
3 European Center for Climate Prediction

4 Pearson Correlation Coefficient

5 Coefficient of Determination

¢ Mean Bias Error

" Index of Agreement
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Table 4- Soil properties for samples extracted from the Razavi Khorasan and North Khorasan provinces

No. O e o Sand (%)  Silt(%) Clay (%) OC (%) AWA (%)
County Province
. s, l .
1 229 od plul 7 47 46 0.77 11.63
Bojnord North Khorasan
k> S0F 5y ool 44 34 22 0.58 10.67
Torbat-heydarieh Razavi Khorasan
3 52 “”‘f" ool 35 45 20 0.67 12.15
Dargaz Razavi Khorasan
Y4 ‘ P ] o
4 o 93 SHed plls 27 47 26 0.76 9.33
Raz- jargalan North Khorasan

! Hydrometer method

2 Field capacity

3 Permanent wilting point

4 Soil water holding capacity



5 S $92) obel 44 34 22 0.46 11.08

Sarakhs Razavi Khorasan
. :» 5 o lwl 5
6 u‘_a,w (o ool 40 16 44 0.84 11.37
Shirvan North Khorasan
. L Ll
7 ek oot olul> 40 30 30 0.40 11.71
Faruj North Khorasan
oy b 5 olel
8 olees? 320 O 48 40 12 031 8.71
Fariman Razavi Khorasan
<l o8 5y bl 3
9 o 32y O 28 45 27 0.46 13.16
Ghuchan Razavi Khorasan
X Spoy gl
10 . 39 38 23 0.50 12.42
Kalat Razavi Khorasan
11 o 5 la o ool 21 48 31 0.78 10.91
Mane- samalghan North Khorasan
12 o9 38y ol 37 38 25 0.96 1321
Neyshabur Razavi Khorasan
1 Sleo
o 34 39 27 0.62 11.36
Mean
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Table 5- Level of mechanization of the Razavi Khorasan and North Khorasan Provinces (HP/ha)

No, O &bt 2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016- 2017- Mean
" County Province 2010 2011 2012 2013 2014 2015 2016 2017 2018
‘ s 2
1 o od plul,2 180 1.80 1.83 1.88 1.90 1.95 200 215 225  1.95
Bojnord North Khorasan
Wyl Coyd e o
2 Torbat RN 092 095 097 113 113 110 123 130 18 117
. Razavi Khorasan
heydarieh
5 5 ool 3
3 S e 097 1.02 102 077 077 101 116 130 144  1.05

Dargaz Razavi Khorasan

M5 ;)

[SEeP il BU) .

4  Raz- Hod ol > 080 100 1.00 1.056 115 120 124 126 125 111
North Khorasan

jargalan
; o

5 oo “‘5“”)9“” 112 114 115 103 103 090 120 130 134 113
Sarakhs Razavi Khorasan
- - . . .

6 il oo gl 120 135 137 140 140 145 150 160 170 1.44
Shirvan North Khorasan

;7 ok oo gl 090 097 100 110 115 120 160 165 173 126
Faruj North Khorasan
. 3 O T I

8 Ul”*_’g “‘5“”)9"”? 141 144 144 163 163 160 145 147 165 152
Fariman Razavi Khorasan
ald O T I

9 oot Sy ol 072 074 075 1.02 1.02 087 115 160 170 1.06

Ghuchan Razavi Khorasan




No. Ot ol 2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016- 2017- Mean
" County Province 2010 2011 2012 2013 2014 2015 2016 2017 2018
10 o S5 “:’w)& 0.92 0.95 0.83 0.83 1.04 1.12 1.23 1.40 1.03
Kalat Razavi Khorasan
o 9 . ol s
11 Mane- b ol 095 110 120 130 140 145 160 165 131
North Khorasan
samalghan
gl B9y ol
12 - 1.16 117 1.74 1.74 1.34 1.70 1.9 1.82 1.53
Neyshabur ~ Razavi Khorasan
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Figure 2- Conceptual framework for risk assessment (Sharafi et al, 2020)
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Table 6- Parameters and indexes of different vulnerability components
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Table 7- Vulnerability, exposure, adaptive capacity and sensitivity categorization (Murthy et al., 2015)
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Figure 3- Weight and rating scores based on normal cumulative probability distribution of SPI (Dabanli, 2018)

DHI (g1 (JUuSutd @i 512 (g4 53 9 09 —A Jgoa
Table 8- Weight and rate for drought severity for DHI (Dabanli, 2018; Khoshnazar et al, 2021)
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Table 9- Validation of observed monthly precipitation values of synoptic stations in North and Razavi Provinces with ERAS
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Figure 4- Sensitivity index, exposure index and adaptive capacity index of the Razavi Khorasan and North Khorasan
Provinces during the years 2009-2010 to 2017-2018
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Table 10- Sensitivity index, exposure index and adaptive capacity index of the Razavi Khorasan and North Khorasan
Provinces in a period of 9 years
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Table 11- Drought Hazard Index of the Razavi Khorasan and North Khorasan Provinces
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