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Semiarid regions are sensitive to changing interactions between anthropogenic activities and 

climate. Understanding  the semiarid climate change is important for water-resource, land-

use management and for the purposes of policy making in these regions. In this study, a 

quantitative assessment of observed aridity variations over the semiarid regions of India is 

performed for the period 1951–2005 using a dimensionless ratio of annual precipitation (P) 

and potential evapotranspiration (PET), estimated from five different observed gridded 

precipitation data sets. The climatological values and changes of this aridity index are found 

to be sensitive to the choice of the precipitation observations. We found an increase in 

aridity over several semiarid regions of India, despite the sensitivity of P/PET variations 

across individual precipitation data sets. Our results indicate that precipitation variations 

over the semiarid regions of India are outpacing the changes in potential evapotranspiration 

and, thereby, influencing aridity changes in a significant manner. Our results further reveal a 

10% expansion in the area of the semiarid regions during recent decades relative to previous 

decades, thus highlighting the need for better adaptation strategies and mitigation planning 

for the semiarid regions in India.  
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Data and Methods 

Data set Resolution Reference 

APHRODITE 
Daily, 

0.5°x0.5° 
Yatagai et al., (2012) 

IMD 
Daily, 

0.25°x0.25° 
Pai et al., (2014) 

UDEL 
Monthly, 

0.5°x0.5° 

Legates and Willmott 

(1990) 

GPCC 
Monthly, 

0.5°x0.5° 
Schneider et al., (2014) 

CRU 
Monthly, 

0.5°x0.5° 
Harris et al., (2014) 

 Aridity index (AI)  = P/PET    

(A measure of degree of dryness over 

a region)    

where P = Annual mean precipitation  

          PET = Annual mean  

          potential evapotranspiration 

          from CRU                                                  

 Signal-to-noise ratio (SNR)  = M∕𝜎  

                            

                               where, M is the ensemble mean AI and 𝜎 is the standard deviation calculated 

                                over all datasets included in the ensemble mean, i.e. 𝜎 is selected to  

                                represent the inter-dataset spread.                                                                                             

 Large deviations in the annual 

climatological precipitation among the 

multiple observation datasets over 

Indian region.  
 

 Deviations in the annual climatological 

precipitation lead to differences in 

aridity  index over Indian region. 

The difference in annual climatological precipitation for each data set from ensemble 

mean (ENS)  during the period 1951-2005.                                                                                        

 

Results 

Results 

 SNR is relatively high over northern 

regions than south peninsula 

 

 The regions with the strongest 

interannual variability coincide with 

either the lower rainfall regions or the 

driest desert regions. 

 

 It indicates that the regions with 

lower rainfall and larger interannual 

variability are more vulnerable to 

climate change and need better water 

management plans for agricultural 

and other human practices 

Ensemble mean precipitation and Signal to Noise ratio 

Long-term annual mean aridity index Long-term ensemble mean aridity index and SNR 

 The areal extent of dry land sub-types of 

arid, semiarid and dry sub-humid regions 

account for about 7, 34, and 14%, 

respectively, whilst the humid regions 

cover about 45% of the Indian land region. 

 

 The area of the semiarid region ranges from 

30 to 39% among the data sets 

Precipitation 
CRU 

Temperature 

CRU 

PET AI 

 Increasing trends in 

temperature and drying 

trends in precipitation over 

SAR 

 

 Striping indicates where at 

least four AI estimates 

concur on an increase 

(vertical) or decrease 

(horizontal) in linear trend. 

 

 Increasing aridity over the 

semiarid regions is certain 

among the data sets during 

this analysis period 1951-

2005. 

Results 

Observed expansion of semiarid region in India 

1951-1970 31% 

1986-2005 35% 

Area of SAR 

 A 10% increase in the area of semi-

arid region is observed during 

recent decades (1986-2005) when 

compared to previous decades 

(1951-1970) 

 

 The expanded semi-arid region 

corresponds to 4% of total Indian 

land area. 

Aridity changes and contribution of P and PET  

Feng and Fu (2013) 

o Changes are for the period 1986-2005 relative to 1951-1970 

o The regions shown are the semiarid regions identified for the period 1986–2005 

o  Changes in aridity are dominated by the changes in precipitation 

 The semiarid regions of India are identified and long-term trends in aridity are 

assessed during the period 1951–2005, by taking into consideration uncertainties in 

the available precipitation data sets. 
 

 The spread among the data sets in quantifying aridity (as indicated by low SNR 

values) is relatively high over South peninsular than in the northern regions of 

India. 
 

 Out of all subtypes of dry lands in India, the areal extent of the semiarid region is 

the largest, accounting for about 34% of total area during the period 1951–2005 
 

 An expansion in the semiarid area during recent decades with a relatively 10% 

larger area than the corresponding area during previous decades, and the newly 

formed semiarid region accounts to 4% of total Indian land area. 
 

 It is also found that the drying rainfall pattern has larger contribution to the 

increasing aridity and to the expansion of the semiarid region in India during the 

recent decades. 

Conclusions 

Hyper-arid  :   AI < 0.05 

Arid :  0.05 ≤ AI < 0.2 

Semiarid :  0.2 ≤ AI < 0.5 

Dry sub-humid : 0.5 ≤ AI < 0.65  

Humid :  AI ≥ 0.65 

Trends are expressed in units/decade 
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