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Global warming is unequivocal (IPCC, 2007) and 

developing countries are likely to be affected adversely 

by the impact of climate change (henceforth ‘CC’). 

India being a sub-tropical country is highly prone to 

climatic variability and the anticipated changes will 

have significant impact on crop production since the 

crop yield levels are highly influenced by the prevailing 

weather conditions. Yield sensitivity to the anomalies 

of weather is an emerging issue in the perspective of 

climate smart farming particularly in the vulnerable 

regions and is expected to have a negative effect on the 

crop productivity, thereby, affecting the country’s food 

production and supply (Sendhil et al., 2015; 2016). In 

the realm of foodgrains, wheat and barley, respectively 

the second and fourth largest cultivated cereals in 

the world, finds a significant part of production as 

well as consumption basket in India for food and 

nutrition security are highly vulnerable to CC and 

climate variability. The probable reason being the 

nutri-rich cereals are grown in Rabi, the season during 

which the increase in temperature is projected to be 

relatively higher than Kharif (Aggarwal, 2009; Mall  

et al . ,  2006). The two commodities altogether 

constitute for about 36 per cent share in the total food 

production of the country. India’s geography, monsoon 

dependency and weather anomalies place wheat 

and barley production prospects and sustainability 

at crossroads across growing regions owing to its 

vulnerability. In the milieu, an attempt has been made  

in the present study to track the extent of vulnerability 

in wheat and barley producing states of India. 

Sixteen wheat growing states having 99.39 per cent 

share in total production and ten barley cultivating 

states constituting 99.58 per cent share of national 

production were selected for analysing the vulnerability 

status. Vulnerability is the degree to which a region is 

susceptible to climatic risks and is determined by three 

factors viz., sensitivity (degree to which a region is 

affected by or responsive to climate stimuli), exposure 

(degree to which a region is exposed to frequent risks 

due to climate change) and adaptive capacity (ability 

of a region to better suit to the climatic stimuli or 

their impact). Vulnerability index (Vulnerability = 

Sensitivity + Exposure – Adaptive Capacity) for the 

selected states were computed following the approach 

of IPCC (2007). Secondary data on relevant indicators 

were sourced from official publications and reports 

from the Government of India. Under sensitivity, 15 

variables; under exposure, 76 variables and under 

adaptive capacity, seven variables were considered 

to capture the vulnerability status. The collected data 

under each category were normalized to bring scale 

neutral for comparison based on the relationship (Table 

1) with vulnerability (Kumar et al., 2016; Kale et al., 

2016). After normalization, weights were assigned using 

the Principal Component Analysis (PCA) and the states 

were grouped into three vulnerable categories viz., high, 

moderate and low following  Ayyoob et al.  (2013)   and  

Kale et al.  (2016)  approach. 
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Table 1. Variables and their functional relationship with the vulnerability indicators
Indicator Variables Relationship

Sensitivity

Area (TE 2015-16) 
Production (TE 2015-16)
Yield (TE 2015-16)
% change in area (TE 2006-07 to TE 2015-16)
% change in production (TE 2006-07 to TE 2015-16)
% change in yield (TE 2006-07 to TE 2015-16)
CV for area (TE 2006-07 to TE 2015-16)
CV for production (TE 2006-07 to TE 2015-16)
CV for yield (TE 2006-07 to TE 2015-16)
Potential loss (TE 2006-07 to TE 2015-16)
Share in gross cropped area (TE 2015-16)
Groundwater level (2011)
% holdings of small and marginal farmers (2011 Census)
% area of small and marginal farmers (2011 Census)
Farmer suicide  (QE 2015-16)

Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive

Exposure

Month wise variation for weather variables (TE 2015-16) like temperature, relative  
humidity, wind speed and rainfall during the Rabi  months (November–April)

Mean values for weather variables (TE 2015-16) like temperature, relative humidity,  
wind speed and rainfall during the Rabi  months (November–April)

Month wise trend (1951-2010) for variables like temperature (maximum, minimum  
and diurnal) and rainfall, relative humidity during the Rabi  months (November–April)

Long-run trend (1951-2010) for variables like temperature (maximum, minimum and 
diurnal) and rainfall, relative humidity during the Rabi  months (November–April)

Positive

Positive

Positive

Positive

Adaptive  
Capacity

Rural literacy rate (2011 Census)
Area under irrigation (2013-14)
Net income (TE 2015-16)
% of rural population below poverty line (2011 Census)
Average farm size (2011 Census)
Agricultural GDP share (TE 2015-16)
Farmers enrolled in weather based crop insurance (6 years average ending 2015-16)

Positive
Positive
Positive
Negative
Negative
Positive
Positive

Note: TE refers to triennium ending and QE refers to quinquennial ending

Analysis on vulnerability for wheat indicated that 
Jharkhand is highly sensitive (0.61) while Punjab 
registered the lowest sensitivity (0.18). Considering the 
exposure of regions to various climatic and weather 
variables during the Rabi season, it was found that 

Jharkhand had the highest exposure (0.48), whereas 

Punjab had the lowest (0.30). However, the magnitude 

of variation across states in climatic exposure is almost 

same. In terms of adaptive capacity, it was found that 

Maharashtra (0.63) had the highest adaptation, followed 

by Haryana (0.61) and Punjab (0.58). On the contrary, 

Jharkhand had the lowest adaptive capacity (0.21). 

Overall, the analysis indicated that Jharkhand is the 

most vulnerable region in terms of wheat production 

(Table 2) with an index of 0.88 and Punjab is the least 

vulnerable region (-0.09). Further, in wheat production, 

five states were classified as highly vulnerable, six 

states under moderate and five under less vulnerable. 

High vulnerability is a consequence of being exposed 

and sensitive to the effects of CC coupled with limited 
adaptive capacity. Similarly, less vulnerable regions 

indicate that they are less exposed and sensitive but 

with strong adaptive capacity (Smit et al., 1999; Smit 
and Wandel, 2006). 

In the case of barley, Madhya Pradesh registered the 
highest sensitivity (0.65), followed by Chhattisgarh 
(0.64) and Himachal Pradesh (0.56) while Punjab 
registered the lowest sensitivity (0.33). Considering the 
exposure of regions to various climatic and weather 

variables, it was found that West Bengal had the highest 
exposure (0.53) while Punjab had the lowest (0.31). 

In terms of adaptive capacity, it was found that West 

Bengal (0.59) had the highest adaptation index, followed 

by Uttar Pradesh (0.56) and Rajasthan (0.55). On the 

contrary, Madhya Pradesh and Chhattisgarh had the 

lowest adaptive capacity (0.28).
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Table 2. Vulnerability indices for wheat

State

Sensitivity  
Index

Exposure  
Index

Adaptive  
Capacity Index

Vulnerability 
Index

Vulnerabil-
ity Status

A B C A+B-C

Assam
Bihar
Chhattisgarh
Gujarat
Haryana
Himachal Pradesh
Jharkhand
Karnataka
Madhya Pradesh
Maharashtra
Odisha
Punjab
Rajasthan
Uttar Pradesh
Uttarakhand
West Bengal

0.47
0.45
0.54
0.45
0.32
0.45
0.61
0.51
0.58
0.55
0.57
0.18
0.35
0.32
0.42
0.50

0.45
0.47
0.41
0.47
0.34
0.44
0.48
0.48
0.43
0.47
0.46
0.30
0.41
0.46
0.38
0.46

0.24
0.42
0.25
0.56
0.61
0.48
0.21
0.46
0.37
0.63
0.33
0.58
0.54
0.54
0.51
0.52

0.68
0.50
0.70
0.37
0.05
0.40
0.88
0.52
0.64
0.38
0.70
-0.09
0.21
0.24
0.29
0.45

High
Moderate
High
Moderate
Low 
Moderate
High
Moderate
High
Moderate
High
Low 
Low 
Low 
Low 
Moderate

In vulnerability analysis, adaptive capacity influences the 

region by modulating the exposure and sensitivity (Yohe 

and Tol, 2002; Gallopin, 2006; Adger et al., 2007). Overall, 

it was found that Madhya Pradesh (0.85) is the most 

vulnerable region in terms of barley production (Table 3) and  

Punjab (0.09)  is  the least  vulnerable region.  

Among barley growing states, three were categorised 

as highly vulnerable, four under moderate category  

and three were found to be less vulnerable.

Preponderantly, wheat and barley production is a biological 

and societal activity which is guided by several factors 

including policies and weather aberrations across states  

(Ramdas et al., 2012). Hence, there are a lot of risks 

and uncertainties associated with farming leading 

to spatial vulnerability particularly for an agrarian 

economy like India which depends on monsoon. In 

the present study vulnerable regions for wheat and 

barley against climate change were identified and 

reported based on the composite index estimation viz., 

sensitivity, exposure and adaptive capacity. Relevant 

variables under each category were chosen with utmost 

care and the weights were assigned through PCA.  

Vulnerability is the outcome of skewed production  

processes which is a result of less adaptive capacity 

relative to the potential impact (sensitivity + exposure). 

The investigation alarmed that the central part of India 

is highly prone to vagaries in climate change. High  

vulnerable states having a considerable share in crop  

production should be given prime priority in framing  

policies targeting for minimization of losses considering the  

adaptation strategies practiced in least vulnerable regions 

like Punjab and Haryana. The adaptive measures should 

be region and farm specific followed by appropriate 

implementation of policies and investment plans (Kumar 

et al., 2016).



Vulnerability status in wheat and barley 

63

Table 3. Vulnerability indices for barley

State
Sensitivity  

Index
Exposure  

Index
Adaptive  

Capacity Index
Vulnerability 

Index
Vulnerability 

Status

A B C A+B-C

Bihar
Chhattisgarh
Haryana
Himachal Pradesh
Madhya Pradesh
Punjab
Rajasthan
Uttar Pradesh
Uttarakhand
West Bengal

0.55
0.64
0.51
0.56
0.65
0.33
0.41
0.51
0.44
0.53

0.53
0.45
0.38
0.45
0.47
0.31
0.44
0.52
0.39
0.53

0.46
0.28
0.53
0.41
0.28
0.54
0.55
0.56
0.44
0.59

0.62
0.81
0.35
0.60
0.85
0.09
0.30
0.46
0.39
0.46

High
High
Low 
Moderate
High
Low 
Low 
Moderate
Moderate
Moderate
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