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Introduction

! Groundwater irrigation has been expanding rapidly in India since 1970s

! The study of rainfall over a populated city like Chennai assumes importance especially for water managers for providing 
regular water supply to the city population

! Way back in 1965 the Government of Tamil Nadu approached United Nations in order to carry out a systematic 
investigation in and around Chennai, having felt the need for it

! The investigation by UNDP can be broadly classified into three phases 
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Introduction

Finance for minor irrigation schemes implemented by the Land Development Banks. 
Investigations were carried out at macro level and basic data on infiltration through rainfall, 
seepage from applied water for crops, from tanks, from canals etc. were collected. 

This investigation paved way for the flow of institutional support

Phase I 
(1970-78): 

A village-wise study was conducted to gather data on land-use pattern, cropping pattern 
raised through surface water sources of irrigation, including rivers, canal tanks etc. ground 
water structures like dug wells, bore wells, etc.  

The exploitation of groundwater from each well was collected and compiled in detailed 
manner. 

Phase II 
(1978-86): 

Monitoring and assessment of the groundwater potential. 
Consultancy services. 
Special investigations. 

Phase III 
(1987 

onwards): 
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Introduction

! Post the third phase of investigation, The (Chennai) Metropolitan Area Groundwater (Regulation) Act 1987 was 
implemented

! Inspite of all the precautionary measures adopted by the Govt. of Tamil Nadu, by mid 2019, Chennai became the first 
major city in India facing acute water shortage

! Every morning, millions of people would form lines in front of state government water trucks across the city in order to 
be able to receive and store their daily requirement for water

! Chennai’s Metropolitan Water Supply and Sewerage Board is delivering about 500 million litres (132 million gallons) of 
water per day which is less than half of the city’s needs are for its 50 lakh population
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Introduction

! India Today concluded on three major reasons for the current water crisis scenario in Chennai:
1) Rain deficit, poor handling, growing population, exploitation of aquifers
2) Mismanagement
3) Scarcity notwithstanding, Chennai remains vulnerable to unpredictable monsoons.

! Given the current circumstances and the level of mismanagement which has led to such a crisis, it is imperative to 
identify potential solutions for wasteful water management and the environmental damage being caused

! This paper aims at (Goal of research):
ü Developing a three-stage game theory model with incomplete information
ü The game would accommodate taxations and bonus in situations of over exploitation  and under-extraction, respectively
ü An econometric analysis will follow in order to determine the major factors motivating the over-extraction of 

groundwater.
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Related Literature
Apart from Ostrom, E. (2006), Madani (2010), Vijayshankar, Kulkarni and Krishnan (2011), Smith, S.M (2017), Drysdale 
and Hendricks (2018), Bahinipati and Viswanathan (2019) and Sidhu et al. (2020), the papers that were inspiring-

"#$%$&'()#*+),-./01)2

Ø Investigated water allocation strategies in Uzbekistan. 

Ø Examined how the management of this resource affects individual strategic behaviour and how it’s availability impacts 
cooperation.

3456)#&7)8#9 ,-./:1) studied -
Ø How much reciprocal behaviour contribute to groundwater depletion trends by providing empirical estimates which is a 

core issue in designing policies
Ø Components of individual decision making that are consistent with the theory as well as behaviours that contrast the 

theory
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Related Literature

;#<='* '()#*+,-..:1) –
Ø Studied the application of Conflict Resolution methodology to a special groundwater management problem in Alto Rio 

Lerma Irrigation District, Guanajuato, Mexico where a two-person conflict existed
Ø The decision variable is the total groundwater extraction volume from the groundwater system. Four conflict resolution 

methods ( non-symmetric Nash solution, Kalai-Smorodinsky solution, non-symmetric area monotonic solution and non-
symmetric equal loss solution) were determined and compared
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Theoretical model and Analysis

Motivation: Raquel et al.(2007)  And Zaikin et al. (2018)

Number of players: Two 
Player 1: one representative farmer
Player 2 : the community at large

The players involve themselves in a three stage Cournot competition game.

Assumptions:

v Players 1 and 2 choose a non-negative integer  q1 or q2 amount of groundwater to extract
The total amount of groundwater extracted can be denoted as Q = q1+q2

v Maximum safe level of extraction is denoted by Qs ( Qs > 0)
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Theoretical model and Analysis

Assumptions:

v The total available water for extraction (W) in a particular period “t” depends upon the amount of groundwater extracted 
in period “t-1” (Et-1) and the amount of rainfall in period “t” (Rt)
Rt  is  considered stochastic

v Probability with which over extraction (Q > W(Et-1, Rt )) occurs is “p” and the probability with which the amount of 
water extracted is within the safe limits (Q < W(Et-1, Rt )) is “1-p” ,p ! "#$%&

v The cost of extraction (C) depends upon the amount of water extracted and the level of technology (T) in order to extract 
the chosen quantity
The level of technology is not a choice variable in this model

v The cost of extraction (C) is strictly convex
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Theoretical model and Analysis

Players 1 and 2 engage themselves in a three-stage game where:

Stage 3 Players compete in quantities.

Stage 2 Players observe the penalty and bonus amount and set their 
cost of extraction.

Stage 1 Regulator sets penalty or bonus amount.
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Theoretical model and Analysis

Benefit obtained from qi, i! "%$' &amount of groundwater extraction: 

! For Player i :  !!
"

() * + , * #-

b ! [0,1], a>0 and a>b

! The cost of extraction of q1 or q2 amount of groundwater:
. * /0 1i$2 3 (1i + * s-456 where Q > W(Et-1, Rt ) which implies over extraction of groundwater

And
{* /0 1i$2 3 (1i + * s-75(%+ 6- where Q < W(Et-1, Rt ) which implies under extraction of  groundwater

t: per unit tax

B: per unit bonus, t,B > 0
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Theoretical model and Analysis

! The payoff function of player i can be represented as:

>,< i1)=  !!
"

() * + , * #- – [{* /0 1i$2 3 (1i + * s-456 + * /0 1i$2 3 (1i + * s-75(%+ 6-]

The game will be solved by backward induction process where in stage three the players will be looking to maximize their 
utility considering the penalty they would pay and the reward they would receive depending on their extraction

Solution and analysis to follow…
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Empirical model and Analysis 

The dataset for the empirical analysis of this paper contains information on the following categories from year 2004 to 2019:
Data Source: Government Of Tamil Nadu, State Ground And Surface Water Resources Data Centre, Water Resources 
Department

! Time-invariant attributes (Xi): Land-size and soil-type for player i, i! [1,2]

! Time-variant attributes (Yt) : Rainfall and Temperature

! Change in groundwater level (Gt) : git+1- git

git : groundwater level in period t 

git+1 : groundwater level in the next period i.e. period t+1

! Tax per unit of over extraction: T

! Bonus per unit of under extraction: B

! Cost of extraction per unit: Cit
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Empirical model and Analysis 

The empirical model that can be estimated is as follows:

qit = 8i + 9iXi + : iYt – ( Cit - B) Gt + ; it , ; it ~ N (0,<2) if  git+1- git > 0

and 

qit = 8i + 9iXi + : iYt – ( Cit + T) Gt + ; it , ; it ~ N (0,<2) if  git+1- git < 0 

8i : individual fixed effect and qit : amount of water extracted by individual i in period t

The model can be estimated via Maximum Likelihood estimation in order to observe the extent to which each of the above-
mentioned factors affect the amount of water extracted by each player

Solution and analysis to follow…
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Data snippets
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CHEMBARAMB~M        5,836    4.012688    16.25108          0        475
    REDHILLS        5,836    3.828992    15.01181          0        320
  CHOLAVARAM        5,836    3.758773    14.26778          0        293
      POONDI        5,836    3.464402     13.0659          0        300
                                                                       
    Variable          Obs        Mean    Std. Dev.       Min        Max
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Data snippets 

Reservoir water level from 2004 to 2019:
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Expected results and policy implications

!"#$!"#%&#'()*+$,%-#+!

! CMWSSB  does not mention about implementation 
of bonus

! The theoretical model developed is aimed at 
observing an optimal level of groundwater 
extraction, the cost and the penalty and bonus 
amount the regulator needs to implement.

!"#$%&'()*#$%+,$"-: “Bonus” can be implemented as a 
regulation by the government in order to decrease the 
amount of groundwater extracted.

!"#$./0(&()*+$,%-#+ !

! Modelling the shared use of groundwater will explain 
much of the real-world groundwater crisis in Chennai 
as considered here.

! It would be possible to confirm the the major factors 
that affect the use of groundwater in Chennai.

!"#$%&'()*#$%+,$"-: Subsidies can be provided for farm-
assistant technology. This can push farmers to make 
better decisions with certainty regarding the amount of 
water to be used and the amount of crop to be yielded in 
a particular period. 
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Thank You!
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