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systems 



What will we discuss… 

• Groundwater: 

– And Society 

– situation in India: factors responsible 

– Competition: No Conflicts? 

– Governance in India overview 

– A Common Pool Resource 

– Governance 

– Protocols  



Groundwater situation in India 

Dependency on groundwater is huge in 
India: 
 
• 90% of Rural Drinking Water Supply 
      (DDWS, 2009) 
 
• 70% irrigation (Kulkarni et al 2009; 

MoA, 2013) 
 

• 48% urban water supply  (Narain, 
2012) 

 
Almost 60% districts of India have 
problems related to groundwater 
availability and/or quality. 
 



Major determinants of groundwater 

Hydrogeological characteristics of aquifer 

Groundwater resource 

Socio-economic behaviour of users 

At Local Level 

At Macro Level: 
 

• Groundwater legislation 
• Groundwater administration 

•  Political economy 
• Economic Policy 

 

(Source: Deep Well and Prudence; World Bank Report, 2010) 



Groundwater and Society 

 
Indirect linkages in form of 
Ecosystem services: 
 
 
Regulating,  
Supporting, and  
Cultural 

• Livelihood 
• Access to irrigation 
• Poverty reduction 
• Improved Incomes 
• Animal husbandry 

 
• Health 

• Access to safe drinking 
water 

• Food security 

Direct linkages 



Factors responsible for groundwater development in India 

Groundwater 
Development 

in India 

Perception of 
nature of GW 

Cheaper 
Drilling 

technology 

Response to 
land scarcity 

Rural 
Electrification 

Electric 
Subsidies 

Changes in 
Cropping 
pattern  



Groundwater situation in India: Factors responsible 

• Response to land scarcity 

 

• According to NSSO statistics, operational landholding in India was 2.61 ha 
in 1960-61 while the same was 1.06 ha in 2002- 03 

 

• 78 % small marginal farmers own 32 % land and 45 % irrigated by GW 

 



0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

1970 1990 2011

In
 t

h
o

u
sa

n
d

 h
a.

 

Year 

Size of operational land holdings across different years 
 

Marginal

Small

Semi Medium

Medium

Large

Source: Agriculture census, 2010-11, Min. of Agriculture 

Increased 
groundwater 

sourcing? 



SURFACE VS. GROUNDWATER IRRIGATION 
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62 million ha irrigated land in India 
 

40 million ha dependent on 
groundwater (Seibert et.al 2011) 

Drought proofing of agriculture 
 
1966-67: 19 % reduction in food grain 
production 
 
1987-88: only 2% reduction 



GROUNDWATER CONTRIBUTION TO ‘IRRIGATION’ 

NET AREA IRRIGATED (MILLION HECTARES) BY SURFACE WATER AND  

GROUNDWATER, 1951-2007  
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Factors: access to 
cheaper drilling 

technology, groundswell 
of pumps, rural 
electrification 



1 Well 
2 BW 
3 HP 
4 Other (Stream...) 
5 Well+HP 
6 All 
7 HP+Other 
8 BW+HP 
9 Well+BW 

Local scenarios: 100 villages in Bagli tehsil from Dewas district 

1 Well and BW 
2 Well 
3 BW 
4 Pond 
5 Checkdam 
6 Others (River..) 
7 None 
8 Well+CD, Well+Other 
9 All 



Regional Scenario: Case of Marathwada, Maharashtra 

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

Jalana Nanded Aurangabad Hingoli Latoor Parbhani Beed Osmanabad

A
re

a
 i

n
 H

a
 

Districts 

Net Irrigated area, 2012   
(Surface water and Groundwater)  

Groundwater Surface Water

Source of irrigation 
water 



Cropping pattern changes: 
Case of Aurangabad and Parbhani 
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Drinking water dependency 

Source: NRDWP; 2015 (Format B-6: List of water sources in habitations) 
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Source: NRDWP (Format B-6 List of water sources in habitations) 

Drinking water dependency 
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Eastern Purandar taluka of Pune 
district (Area: 150 sq.km) 

Diversity of problems 



Groundwater Competition: No conflicts? 

• Aquifer characteristics determine the nature of groundwater competition 
eg. Alluvial and hard rock aquifers 

 

• It may also lead to local inequities in terms of access to groundwater, use 
of groundwater 

 

• Arena for competition is so big that a period of intense competition 
resembles the conflict scenario 

 

• The competition itself is so intense and overarching that it rarely 
transforms into an ‘actual’ conflict. Examples have been Coca cola case 
and Chennai water case (both over competing uses) 

 

nature of competition in alluvial aquifers – 
drawdown is continuous 

nature of competition in hard-rock aquifers: 
drawdowns are discrete 



Groundwater governance in India-an overview 

• Regulation 

– Legal framework does not collude with ground realities 

– Mostly tied to land ownership  

– Poor enforcement  

– High cost of implementation 

 

• Economy 

– Electricity is subsidized (free in some states) 

– No regulatory framework for groundwater markets 

– Political economy of groundwater limits actions 

 

 

• Community initiative 

– No legal backing for community based action 

– Hiware Bazaar, Paani Panchayat: islands of success 

– Policy framework does not integrate these experiences 

In some states in Australia, if a 2 ha 
or less land is irrigated with gw, it 

is exempted from all types of 
regulation! What about India? 



Groundwater:  
A Common Pool Resource 

 
 
 
 
 

Subtractable resource 
Non excludable resource 

 



Coordinating the effort: Challenge on the governance front 

 

Forest Department 

Drinking Water and 
Sanitation Dept. 

Minor Irrigation 
Department 

Agriculture Dept. 

Groundwater Dept. 

Rural Development Dept. 

Groundwater, the 
underlining factor 



What defines groundwater behaviour? The question of boundaries 

 

Administrative Boundaries? 

Watershed Boundaries? 

Socio-economic 
boundaries? 

Aquifer boundaries shapes 
groundwater behaviour… 



GROUNDWATER TYPOLOGY: RISE AND FALL OF GROUNDWATER SOCIO-ECOLOGIES    

Source: Shah (2009) 
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How is it reflected in one aquifer over time… 

Source: Kulkarni (2005) 



Textbook definition of sustainable governance 

ecologic 

social 

economic 
Sustainability 

Equity 

Efficiency 

Source: Our common future (1987) 



Stages of groundwater development in India 

Early 1960’s 1970’s 
1980’s 

1990’s 2000 Present 

Source: Kulkarni and Vijayshankar (2009) 



Issue of Equity, Efficiency and Sustainability: the three pillars of sustainable governance 

     Stage 1      Stage 2             Stage 3 

Sustainability 
Equity 
Efficiency 

Equity 
Efficiency 
Sustainability 

Efficiency 
Equity? 
Sustainability? 



Introducing GW protocols (for wells) in different phases of GW use 

Protocols Stage 1 Stage 2 Stage 3 Stage 4 

Geo-hydrology in WSD     
 

  
 

Protection of recharge areas         

Efficient well use       

Pump capacity regulation   

Distance (wrt drinking water well) 
regulation 

    

Depth Regulation (wrt drinking 
well) 

    

Regulation of Agricultural water 
use 

  

Groundwater management through 
sharing 

      

Diverse problems,  
diverse responses 



Protocols Stage 1 Stage 2 Stage 3 Stage 4 

Geology in Spring shed 
development 

      

Identification  of recharge area, its 
protection and recharge 

enhancement 

  
 

      

Water quality protection  
(specifically in recharge areas) 

   
 

  
 

Community use of springs   
 

  
 

  
 

Agreement between recharge area 
and discharge area communities 

  
 

  
 

Introducing GW protocols (for springs) in different phases of GW use 



Linking social and hydrogeological realities…. 

Social conditions 

Equity, justice, 
access, regulation, 

legislation, 
institutional 

arrangements 

Drinking water 
security, irrigation, 

improved livelihoods 

Hydrogeological 
conditions 

Aquifer, Aquifer 
characteristics, 
hydrogeology, 

weather 

Groundwater 
availability, quality 

and quantity 

Socio-
hydrogeology 



Thank You!  

ACWADAM 

 

Plot no. 4, Lenyadri Society, 

Sus Road, Pashan, Pune 

411021 

 

acwadam@gmail.com  
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