
 

 

 

Popular 

Article 

 
 
 

Drought Classification for Policy Planning and Sustainable Agricultural 
Production in India 

N. M. Alam*, Rajeev Ranjan, C. Jana, Ramanjeet Singh, S. Patra, B. N. Ghosh and N. K. Sharma 
Central Soil and Water Conservation Research and Training Institute, Dehradun 

*Email of corresponding author: alam.nurnabi@gmail.com  
 

 

 

 

 

 

 
Introduction 
Successful water management to cope with water scarcity requires the understanding of respective 
governing processes and causes. Water scarcity results from a range of phenomena that may be 
produced by natural causes, such as aridity and drought, or may be induced by human activities, as 
desertification and water shortage. Drought is defined as a natural but temporary imbalance of water 
availability, consisting of a persistent lower-than-average precipitation, of uncertain frequency, 
duration and severity, of unpredictable, resulting in diminished water resources availability and 
reduced carrying capacity of the ecosystems (Pereira et al., 2002). Beran and Rodier (1985) defined 
drought as a decrease of water availability in a particular period and over a particular area rather than 
a general decrease of water availability. 
 Drought is a reoccurring and worldwide phenomenon, with spatial and temporal 
characteristics that vary significantly from one region to another (Khadr et al., 2009). It affects all 
components of the water cycle which leads to a deficit in soil moisture, crop failure, reduced 
groundwater recharge and levels, low stream flow or dried up rivers, diminished power generation, 
disturbed riparian habitats and suspended recreation activities. In general, drought gives an 
impression of water scarcity due to insufficient precipitation over a large area and an extensive period 
of time, high evapo-transpiration and over-exploitation of water resources or combination of these 
parameters (Bhuiyan, 2004).  

Droughts are recognized as an environmental disaster and have attracted the attention of 
environmentalists, ecologists, hydrologists, meteorologists, geologists and agricultural 
scientists. Successful water management to cope with water scarcity requires the 
understanding of respective governing processes and causes. Based on different approaches, 
drought is classified in four classes, meteorological, hydrological, agricultural and 
socioeconomic drought. Various drought coping mechanisms of cultivating drought tolerant 
dual purpose crops, mixed cropping, farming system, drought hardy millets, sesame, 
livestock rearing, storing of grains and fodder during normal or excessive rainfall years are 
already practiced in our country. In a mixed system, some component will give some return 
without a complete collapsing of whole crop. Thus, these mitigations strategies may be 
benificial for policy planning and sustainable crop production. 
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Droughts are of great importance in the planning and management of water resources. Drought 
assessment requires a good understanding of historical droughts occurrence in the region and their 
impacts. Therefore, understanding different concepts of droughts will be helpful for developing 
models to investigate different drought properties. The motivation for current discussion is due to the 
developments in global drought scenarios during recent years. 
 

Classification of Drought 
Wilhite and Glantz (1985) categorized the droughtin terms of four basic approaches: meteorological, 
hydrological, agricultural and socioeconomic. The first three approaches deal with ways to measure 
drought as a physical phenomenon whereas the last deals with drought in terms of supply and 
demand, tracking the effects of water shortfall as it ripples through socioeconomic systems.  
A. Meteorological Drought 
Meteorological drought, also termed climatological drought, is based on precipitation’s departure 
from normal average over a certain period of time and region. It is defined usually on the basis of the 
degree of dryness (in comparison to some normal or average amount) and the duration of the dry 
period. Definitions of meteorological drought must be considered as region specific since the 
atmospheric conditions that result in deficiencies of precipitation are highly variable from region to 
region. 
B. Hydrological Drought 
Hydrological drought is associated with the deficiency of water on surface or subsurface due to 
shortfall in precipitation. Although all droughts have their origin from deficiency in precipitation, 
hydrological drought is mainly concerned about how this deficiency affects components of the 
hydrological system such as soil stream-flow, moisture, groundwater and reservoir levels. 
 It takes longer for precipitation deficiencies to show up in components of the hydrological 
system such as soil moisture, stream-flow and groundwater and reservoir levels. As a result, these 
impacts are out of phase with impacts in other economic sectors. For example, a precipitation 
deficiency may result in a rapid depletion of soil moisture that is almost immediately discernible to 
agriculturalists, but the impact of this deficiency on reservoir levels may not affect hydroelectric 
power production or recreational uses for many months. Also, water in hydrologic storage systems 
(e.g., reservoirs, rivers) is often used for multiple and competing purposes (e.g., flood control, 
irrigation, recreation, navigation, hydropower, wildlife habitat), further complicating the sequence 
and quantification of impacts. Competition for water in these storage systems escalates during 
drought and increases the conflicts among water users. 
C. Agricultural Drought 
Agricultural drought links various characteristics of both meteorological and hydrological drought to 
agricultural impacts, focusing on precipitation shortages, differences between actual potential evapo-
transpiration, soil water deficits and reduced groundwater or reservoir levels. Plant water demand 
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depends on prevailing weather conditions, biological characteristics of the specific plant and its stage 
of growth and the physical and biological properties of the soil. 
 A good definition of agricultural drought should be able to account for the variable 
susceptibility of crops during different stages of crop development, from emergence to maturity. 
Deficient surface soil moisture at planting may hinder germination, leading to low plant populations 
and a reduction of final yield. However, if surface soil moisture is sufficient for early growth 
requirements, deficiencies in sub-surface soil moisture at this early stage may not affect final yield if 
sub-surface soil moisture is replenished as the growing season progresses or if rainfall meets plant 
water needs. 
D. Socio-economical Drought 
Socioeconomic definitions of drought associate the supply and demand of some economic good with 
elements of meteorological, hydrological, and agricultural drought. This type of drought mainly 
occurs when the demand for an economic good exceeds its supply due to weather related shortfall in 
water supply.  
 It differs from the other above mentioned types of drought because its occurrence depends on 
the time and space processes of supply and demand to identify or classify droughts. The supply of 
many economic goods, such as water, forage, food grains, fish and hydroelectric power, depends on 
weather. Because of the natural variability of climate, water supply is ample in some years but unable 
to meet human and environmental needs in other years. Socioeconomic drought occurs when the 
demand for an economic good exceeds supply as a result of a weather-related shortfall in water 
supply. During 1988–89, in Uruguay, drought resulted in significantly reduced hydroelectric power 
production because power plants were dependent on stream-flow. Reducing hydroelectric power 
production required the government to rely upon more expensive petroleum and implement stringent 
energy conservation measures to meet the nation’s power needs. 
 

Time Sequence of Drought Impacts 
The sequence of impacts associated with meteorological, agricultural and hydrological droughts 
highlights its differences. When drought event begins, the first to suffer is usually the agricultural 
sector because it is heavily dependence on stored soil water (Hisdal and Tallaksen, 2000).  The soil 
water can be rapidly depleted over extended dry periods. If no precipitation period continues, then 
people will begin to feel the effects of the shortage. Those who rely on surface water (i.e., reservoirs 
and lakes) will suffer first and those who rely on subsurface water (i.e., groundwater) are usually the 
last to be affected. Although, groundwater users, often the last to be affected by drought during its 
onset, they are the last to experience a return to normal water supply levels.  
 A drought event is caused by a certain meteorological situation, for instance a persisting 
anticyclone or high pressure system. Associated with the prevailing dry and warm weather, a 
meteorological drought with a rainfall deficit develops. The rainfall deficit and the high evapo-
transpiration reduce the soil water content, which might cause an agricultural drought if it occurs 
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during the growing season. Due to the precipitation deficit in the catchment, stream-flow decreases 
until it is only fed by groundwater and finally the groundwater reservoirs will also deplete.  
Consequently, hydrological droughts lag the occurrence of atmospheric droughts and depending on 
the season and the crop also the occurrence of agricultural drought.  A schematic illustration of the 
sequence of drought impacts is given in figure 1. 

 
Figure 1. The sequence of drought impacts associated with meteorological, agricultural and hydrological drought. 

 

Water in hydrological storage systems such as surface and groundwater reservoirs is often 
used for multiple and competing purposes, e.g. flood control,  irrigation, recreation, hydropower, 
navigation or wildlife habitat, further complicating the sequence and quantification of impacts 
(Wilhite, 2005). When the demand exceeds the supply then socio-economic drought occurs.  
 

Drought Mitigation Methods 
1. Design and construction of valley dams and reservoirs: The dams and reservoirs are intended to 

minimise loss of water by seepage and evaporation. Lining using cement, plastics and asphalt 
minimise seepage while evaporation losses may be minimised by pouring liquid chemicals on 
the water surface, chemicals such as wax or catylacohal. 

2. Installation of adequate capacity boreholes could be a good way of mitigating drought. 
3. Rainwater harvesting:This aims at the storage in a tank and use of rainwater whichwould 

otherwise be lost as runoff or infiltrate into the soil thus making it possible to use rainwater 
during drought. 

4. Develop programmes to enlighten all concerned on the importance of drought management. 
When people understand the value of drought management it is likely that they will take care of 
existing facilities, such as weather stations, than vandalize them. Also, they would mind to 
maintain and properly use available boreholes, valley dams and so on.  
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Prioritization of Mitigation Strategy 
The pro-active mitigating strategy of reducing vulnerability by enhancing coping mechanisms and 
resilience of the production systems is quite different than the calamity relief.  The mitigation is also 
planned around normal or excessive rainfall years when there is enough precipitation for recharging 
soil with water, aquifers, surface storage and adequate production to acquire assets. Rainfall is  the 
ultimate source of surface and ground water resources for managing risks and distress associated with 
spatial and temporal variability in the rainfall and its distribution pattern.  Various coping 
mechanisms of cultivating drought tolerant dual purpose crops, mixed cropping, farming system, 
drought hardy millets, sesame, livestock rearing, storing of grains and fodder during normal or 
excessive rainfall years are quite common. Input intensive advanced technologies and ground water 
exploitation of Indo Gangetic plains was replicated at the neglect of traditional tanks, ponds and dug 
wells. Low input and low yielding subsistence farming was less risky. In a mixed system some 
component will give some return without a complete collapsing like Bt. hybrid crops.  Mortgaging of 
gold or land, liquidating assets like selling trees or animals, raising loan, seasonal migration, taking 
children off the school and out sourcing of income are important for moderating or mitigating adverse 
effects of drought (Figure 2). However these traditional mechanisms have been altered (shown by 
arrows in figure 2) by technological changes, market forces, socio-economic shifts, and public 
policies. Hybrids of Jowar and Bajra have increased productivity of grain at the cost of fodder for 
animals. Hybrid of sunflower, castor, Bt. Cotton etc. are input intensive and failure of crop or 
marketing leads to high distress. Drought resistant low input millets have been replaced by oil seed 
crops especially soyabean and pulses. Employment guarantee schemes, institutionalized credit and 
insurance system have also impacted the traditional vulnerability and coping mechanism.   

 
Figure 2. Drought Mitigation Strategy 
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Public distribution system encouraged marketing of  surplus production during normal or 
excessive rainfall years instead of storing for contingencies. Public investments into surface, ground 
water resources and watershed management led to the neglect of Peshwa, Chandela or Bundela tanks, 
Haveli cultivation, dug wells and other traditional systems. Quarantine enforcement has restricted 
interstate movement of livestock as drought escaping mechanism or outsourcing of the resources. 
Ground water exploitation, increased availability of crop residues, fodder and feed led to stall feeding 
and rearing of buffaloes.      

Kissan Credit Cards (KCC), institutionalizing credit raising and recent loan wavers may 
discourage lending from private money lenders.  New varieties of soybean, chickpeas, mustard, 
sunflower, safflower and oil mills have encouraged diversification in various dimensions. The 
Bundelkhand does not cultivate some important cash  crop except small acreage under oil seeds.  

As most of the drought prone areas are with very poor yield of aquifer, fast depletion of  water 
table and inadequate rate of replenishment or recharging.  Development of ground water resources is 
not very dependable or attractive and aquifer water should be prioritized and preserved for drinking 
purpose. Therefore, watershed management, development of surface water  resources, improving 
water use efficiency, enhancing biomass productivity of forest and livestock sector are the most 
important options of the new strategies.  Watershed management in the upper most forest catchment 
is the highly prioritized starting point for integrated development of resources from ridge to valley. 
Therefore, watershed management, development of surface water resources, reviving of traditional 
dug-wells and tanks, desilting ponds, command area development and efficient micro irrigation 
systems should get high priority of the investment  portfolio.  Intensification of diversification, 
marketing, value addition, processing and ensuring the risks are also essential to consolidate gains of 
enhancing productivity and other mitigative effects. 
 

Conclusion 
Drought is a natural phenomenon but temporary imbalance of water availability and consisting of a 
persistent lower than average precipitation. Based on different approaches, drought is classified in 
four classes meteorological, hydrological, agricultural and socioeconomic drought. The sequence of 
drought impacts is associated with in order to meteorological, agricultural and hydrological drought. 
Construction of dams and reservoirs, rainwater harvesting and boreholes installations may be the 
major drought mitigation strategies.Various drought coping mechanisms of cultivating drought 
tolerant dual purpose crops, mixed cropping, farming system, drought hardy millets, sesame, 
livestock rearing, storing of grains and fodder during normal or excessive rainfall years are already 
practiced in our country. In a mixed system, some component will give some return without a 
complete collapsing of whole crop. Thus, these mitigations strategiesmay be benificial for policy 
planning and sustainable crop production. 
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