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Abstract

Agriculture, particularly rainfed agriculture, is the first sector
being affected by drought; hence, evaluation of the agricultural
drought risk is critically important for drought risk
management. The objective of this paper is, therefore, to
develop a systematic framework and realistic model for
accurately quantifying agricultural drought risk with the focus
on rainfed wheat. The proposed framework quantifies the
agricultural risk based on the hazard and vulnerability levels
for different stages of crop growth. To quantify the drought
severity, we have employed Standardized Evapotranspiration
and Precipitation Index (SEPI) as a drought index. On the
other hand, to determine the drought effect on vyield
performance, Aquacrop model is adopted for different stages
of crop growth to evaluate the yield lost due to the drought. For
the vulnerability, fuzzy logic techniques are employed. The
proposed framework is evaluated for the Sisab Rainfed
Research Station in Northern Khorasan, Iran, using the 30-
years (1980 to 2011) meteorological data. For this case,
vulnerability, as a dimension less quantity, was calculated as
0.6163 and the drought risk level for rainfed wheat in Sisab
Station was calculated as 0.3684 ton/acres. The developed
framework can be used for systematic risk management to
reduce the impact of drought effects as well as calculating
agricultural insurance rates for droughty situations.
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Fig. 1- Location of the selected Station
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SEP1>-0.25 Normal and wet 1
-1.75 < SEP1 <-0.25 Mild Drought 2
-3.25 < SEPI<-1.75  Moderate Drought 3
-4.75 < SEPI < -3.25 Severe Drought 4
-4.75 > SEPI Extreme Drought 5
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Table 2- Fuzzy sets and membership functions for vulnerability factors
Sl 50 550 Jolge (gl &3, 410 Cogae @il 9 551 (lrasgerne - Jgaa

Vulnerability factors

Fuzzy sets Membership functions

Ratio of rainfed agricultural income to total
income
Government support (Insurance, loan, and
etc.)
Existence of early alert system, monitoring
Possibility of complementary irrigation

Education level of farmer
Traditional or modern agricultural systems

Very Low, Low, Moderate, High, Very High

Low, Moderate, High

Low, Moderate, High
Low, Moderate, High

Very Low, Low, Moderate, High, Very High
Very Low, Low, Moderate, High, Very High

Triangular and Trapezoidal

Triangular and Trapezoidal

Triangular and Trapezoidal
Triangular and Trapezoidal

Triangular and Trapezoidal
Trapezoidal
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Table 3- Vulenrability inputs in Sisab station and Scenarios A and B
B g A (glags )lw g Clumw jole 4850 )3 Gyl 11 F3e (o3l Y Jgaa

Vulnerability inputs Sisab farm Scenario A Scenario B
Ratio of rainfed agricultural income to total income 0.3 0.3 0.7
Government support (Insurance, loan, etc) 0.1 0.6 0
Existence of early alert system, monitoring 0 0 0
Possibility of complementary irrigation 0.1 0.5 0.1
Education level of farmer 0.25 0.25 0.25
Traditional or modern agricultural systems 0.55 0.7 0.2
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Table 4- Error indices of generated data using LARS-WG and ClimGen models in Sisab station
Sl 8! (3 ClimGen g LARS-WG Juo 93 bawgs 831 adgi glad ol 4ol wdlie -F Jouo

Model Error index Rainfall Minimum Temperature Maximum Temperature
(mm) (©) (©)

RMSE 4.62 0.29 1.14
LARS-WG MAE 2.96 1.12 2.11
CD 0.95 0.96 0.93
RMSE 8.71 0.07 0.13
ClimGen MAE 3.73 0.97 1.07
CD 0.87 0.98 1.02
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Fig. 2- Membership functions of vulnerability
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Fig. 3- 3D Fuzzy graphs for pairs of rules in vulnerability estimation, (a) “ratio of rainfed agricultural
income to total income” and “the government support”, (b) “existence of early alert system, monitoring” and
“possibility of complementary irrigation”, (c) “education level of farmer” and “traditional or modern
agricultural systems”
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