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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, three 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
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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

Risk, as a fundamental factor of food insecurity, traps millions of households in poverty each year. The rising
frequency and intensity of climate-related risks, driven by climate change, exacerbate cycles of damage and
recovery while amplifying uncertainty. Arid regions face many of the same risks as other areas; however,
challenges such as water scarcity, drought, desertification, and extreme temperatures are more acute in these
regions, with far-reaching adverse effects. 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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3- Normalized difference vegetation index
4- Standardized precipitation evapotranspiration index
5- Standardized precipitation index
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Table 1- Characteristics of the study area

Cuxdige 20 P CulS 5 dan 23 PN Mg 23 PS5 3 Slos
Location Cultivated area rainfed wheat (ha)  Production of rainfed wheat (ton)  Yield rainfed wheat (kg ha't)
ol 4126513 3422716 829
Iran
2 Ol 59623 28700 481

Razavi Khorasan

o ol 131568 102542 779
North Khorasan

IFAT-AY Cald AYA-AL Ll (b Jlead lwld g sa ) olwlyd b liw i p1d 005 3,Sos Y Jou
Table 2- Rainfed wheat yield in Razavi Khorasan and North Khorasan Counties during the years 2009-2010 to 2017-2018

Slowd 3l o bl 2009- 2010- 2011- 2012- 2013- 2014-  2015-  2016-  2017- . S5l
No. County Province 2010 2011 2012 2013 2014 2015 2016 2017 2018 ...
. o ool
7 North 987 501 754 602 831 949 1400 594 653 808
Bojnord Khorasan
W)he> Cap Soy bl
2 Torbat- Razavi 480 200 450 191 260 473 750 480 300 398
Heydarieh Khorasan
) Spoy gl
b J Razavi 800 280 900 463 480 709 1490 713 480 702
argaz Khorasan
sy Jed gl
4 Raz- North 886 450 677 623 667 655 1400 505 555 713
Jargalan Khorasan
: S5y Ol
5 o Razavi 300 160 350 245 250 142 1340 336 410 393
Sarakhs
Khorasan
oo S el 5
6 u_”"” North 723 410 449 641 715 751 1600 570 626 721
Shirvan
Khorasan
b e plul>
7 F@) . North 761 691 519 735 372 887 1600 687 755 779
aru Khorasan
oy 6 Ey) L‘JL‘"‘)5
8 o Razavi 550 350 500 245 350 378 950 223 350 433
Fariman
Khorasan
9 o Razavi 874 650 750 490 492 803 1650 259 580 728
Ghuchan
Khorasan
oS S92y Ol
10 Kal Razavi 870 502 1050 436 290 945 1490 450 596 737
alat Khorasan
QLELW943[» L;lo.u) Oul)ﬁ
11 Mane- North 1010 412 781 689 838 654 1300 618 678 776
Samalghan Khorasan
s Soy ol
12 S Razavi 400 250 550 256 300 520 850 356 300 420
Neyshabur

Khorasan
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Table 3- Indicators to check the efficiency of the data set of Erab

oL Slad el lade on i oot Gy
Index Abbreviation sign Best amount Formula Description
Root mean square error 0 n

%10, = 0)(P; — P)

Pearson correlation coefficient 1 J[Z?:l(Oi - 0)?][Zr (P — P)?]
.. e n R R
Mean bias error n
g Lasls g 3 =10 — P)? )
1

Index of agreement ?:1((|Pi - o)) + o, _5i|)

Flowd plwlyd 9 (905 Gl d G pliw] 5l sz Seiuw! SBSE dige I Siag-€ Jg
Table 4- Soil properties for samples extracted from the Razavi Khorasan and North Khorasan provinces

No. 3wy Qyliws! o N o Jlek SB Ol g S el
County Province Sand (%) Silt (%) Clay (%) OC (%) AWA (%)
1 2 o pll> 7 47 46 0.77 11.63
Bojnord North Khorasan
Sy 5y bl 3
arhd 322 0> 44 34 22 0.58 10.67
Torbat-Heydarieh  Razavi Khorasan
5 5y oyl
3 $2 S92 oLl 35 45 20 0.67 12.15
Dargaz Razavi Khorasan
8 g ) 5 oll,3
7R 900 o plul2 27 47 26 0.76 9.33
Raz- Jargalan North Khorasan
. Ll
5 o 32 Ol 44 34 22 0.46 11.08
Sarakhs Razavi Khorasan
6 claes o plul 40 16 44 0.84 11.37
Shirvan North Khorasan
15 5 olal
7 &= o glul 40 30 30 0.40 11.71
Faruj North Khorasan
oy 8 5y ool 3
8 ul_’“*’“’ E52) O 48 40 12 0.31 8.71
Fariman Razavi Khorasan
9 oles? 32 Ol 28 45 27 0.46 13.16
Ghuchan Razavi Khorasan
oK S92y Ol B
10 . 39 38 23 0.50 12.42
Kalat Razavi Khorasan
Qo 5 oo Hod ol 21 48 31 0.78 10.91
Mane- Samalghan  North Khorasan
- 5y ool 3
12 ook S92 O 37 38 25 0.96 13.21
Neyshabur Razavi Khorasan
0k 34 39 27 0.62 11.36
Mean
R{ES LSL‘“-‘“ )_u.u:: )‘J_.O.a :Oi ‘quAmLM }9) Moess N ol dlhe ()—’l 2
Elime 5l LS igas £+ 3l y90 CleMbl (g5l xen yolaiod, 59y (sl oddbgilodnnd o Jlade Pig ol 59, sl oadosrnlia
u.:l;]a_‘a 3 s OL»l)S 5 uJLo.w OL»I} dl-“dl:“"‘ ul“*’ﬂr*’ \Y od_doalie gyesos )L\Zio JSL\> 9 ).5|.\> ol Sy :Onmin 9 Omax ‘Pl
b cuslyy dolas g)b By e b Yo x Yo olul b Van ) sl oo oddoalie pilde (pnSiles eaimd ol 3520

(Wart, Grassini, & Cassman, 2013
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Table 5- Level of mechanization of the Razavi Khorasan and North Khorasan provinces (HP ha't)

ojlows b poead &3 L] 2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016- 2017- . .Sile
No. County Province 2010 2011 2012 2013 2014 2015 2016 2017 2018 .. .
1 J)_P‘“’ Hod ool 1.80 1.80 1.83 1.88 190 195 200 215 225 1.95
Bojnord North Khorasan
4> L"-’)" & S T I
2 Torbat- 323 S 092 0.9 0.97 1.13 113 110 123 130 1.82 1.17
. Razavi Khorasan
Heydarieh
3 £ ‘5’”_5’ obl 0.97 1.02 1.02 0.77 0.77 1.01 1.16 1.30 144 1.05
Dargaz Razavi Khorasan
M5 5!
OGP 90 5 ol 8
4 Raz- o glul 080 100 100 105 115 120 124 126 125 111
North Khorasan
Jargalan
. s
5 o S92 O 112 114 115 103 103 090 120 130 134 113
Sarakhs Razavi Khorasan
gy lod sl
6 : 1.20 1.35 1.37 1.40 1.40 145 1.50 1.60 1.70 144
Shirvan North Khorasan
1 5 bl 3
7 G”_ ot glul 0.90 0.97 1.00 1.10 1.15 1.20 1.60 1.65 1.73 1.26
Faruj North Khorasan
0 s
8 ‘Jl_%‘s ‘59%) bl 141 1.44 144 1.63 1.63 1.60 1.45 1.47 1.65 1.52
Fariman Razavi Khorasan
s s
9 s ‘59%) bl 0.72 0.74 0.75 1.02 1.02 0.87 1.15 1.60 1.70 1.06
Ghuchan Razavi Khorasan
oM 5y bl )3
10 G920y > 092 0.95 0.95 0.83 083 1.04 112 123 140 1.03
Kalat Razavi Khorasan
J 9 5 Lol 3
11 Mane- N‘-Jtl;wK; > 0.95 1.10 1.15 1.20 1.30 1.40 1.45 1.60 1.65 131
Samalghan or orasan
oy $32) ol
. 1.16 1.17 1.18 1.74 1.74 1.34 1.70 1.9 1.82 153
Neyshabur  Razavi Khorasan

A 0dlawl VWYY oy 5l (T osls dops 4 o b el
(b)) S il wleMbl . (Gee & Bauder, 1979) us 54l
i gy SB Ol (55 cdls g ools (2w 5 o)
Gl odalie B Y Jouo p
Candy (o gy I g 30 (sL2odl>
leil 3l gl il o (a3l Jlol (g5)3liS gl ilSie
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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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Table 8- Weight and rate for drought severity for DHI (Dabanli, 2018; Khoshnazar et al., 2021)
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Figure 3- Weight and rating scores based on normal cumulative probability distribution of SPI (Dabanli, 2018)
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Table 9- Validation of observed monthly precipitation values of synoptic stations in North and Razavi provinces with ERA5
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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 12- Drought risk rndex of the Razavi Khorasan and North Khorasan provinces
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