
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Consumption of Common Pool Resources under Altruism and Uncertainty 
 

 

 

Kiriti Kanjilal, 

PhD Student, 

School of Economic Sciences, 

Washington State University, 

Email: kiriti.kanjilal@wsu.edu 

 

 

 

 

 

 

 

Selected paperr prepared for presentation at the 2017 Agricultural & Applied Economics Association 

Annual Meeting, Chicago, Illinois, July 30-August 1 

 

 
 
 

 

 

 
Copyright 2017 by [authors].  All rights reserved.  Readers may make verbatim copies of this document 
for non-commercial purposes by any means, provided that this copyright notice appears on all such 
copies.  

mailto:kiriti.kanjilal@wsu.edu


Consumption of Common Pool Resources under Altruism
and Uncertainty
Kiriti Kanjilal
School of Economic Sciences, Washington State University

Contact Information:
School of Economic Sciences
Washington State University
Hulbert Hall, Pulman WA
Email: kiriti.kanjilal@wsu.edu

Abstract
This paper adresses the consumption of Common Pool Resources. Hardin (1968) proposed that since
they are free to consume and limited in quantity, CPRs are consumed inefficiently. However, experi-
ments and research has shown that behavioral factors and uncertainty can reduce over-consumption. In
this paper, we develop a model to explain CPR consumption by combining some of these ideas into one
model.

Introduction
• Common pool resources (CPRs) are goods that are rivalrous but non-excludable eg. Fisheries, graz-

ing lands, water resources (rivers and lakes).

• This poses an economic problem highlighted in Hardin (1968). Models and experiments so far have
been expanded to include altruism, dynamic models and uncertainty separately. This paper tries to
combine these into one theoretical model.

•Ostrom (1999) suggested that CPRs are often managed by a local governance structure to reduce
inefficiency.

• The role of altruism, inequity aversion, reciprocity and conformity has been studied by Velez et al.
(2009). They experimentally verify that these factors play a role in a person’s choice in a CPR setting.

• Fischer et al. (2004) conduct an experiment to show that altruism affects inter-generational consump-
tion.

• Building on such research, in this paper we try to develop a model explaining how behavioral char-
actristics and uncertainty affect CPR consumption.

Research Question
How do individual characteristics and uncertainty affect consumers’ choice in a dynamic CPR model?

• Behavioral characteristics include altruism and selflessness/selfishness.

•Uncertainty is in the amount one will be able to consume. Since the resource is limited, one may not
be able to consume the amount one intends to.

Main Objectives
1. Presenting a basic one period model.

2. Extending the model to two periods.

3. Adding uncertainty to the two period model.

One Period Model

Defining Variables
•wi is consumer i’s wealth.

• xi is the amount he spends on private goods (other than the CPR)

• qi is his consumption of the CPR.

• q̄−i is the average consumption of the CPR of all members of society except i.

•wi = xi + qi.

•mi is the parameter that shows how much he cares about total consumption of the good. This can be
thought of as his altruism. mi ≥ 0.

• ki is the extent of his selfishness or selflessness. If ki is positive, he is selfish. Otherwise he is selfless.

Payoff Function

πi = xi + ln(mi(qi + q̄−i) + ki(qi − q̄−i)) (1)

Optimal Consumption from Best Response Function

q∗i (q̄−i) =


1 + ki−mi

ki+mi
q̄−i if q̄−i ∈

[
0, mi+ki

mi−ki

]
and 0 ≤ ki < mi or −mi < ki < 0,

or if ki < −mi < 0 or ki > mi ≥ 0,

0 if
(
q̄−i2 >

mi+ki
mi−ki

)
, 0 ≤ ki < mi or −mi ≤ ki < 0.

Two Period Model (No Uncertainty)

Additional variables
•We now add time subscripts

•We introduce savings in period one (which can be negative as well). All wealth is exhausted in period
2.

•An additional unit of qi1 saved (consumed) leads to and increase (decrease) in si1 by 1. Thus,
∂si1
∂qi1

= −1

Payoff Function

πi = xi1 + ln(mi(qi1 + q̄−i1) + ki(qi1 − q̄−i1))

+δ
(
xi2 + si1 + ln(mi(qi2 + q̄−i2) + ki(qi2 − q̄−i2))

)
(2)

Optimal Consumption from Best Response Function

q∗i2(q̄−i2) =


1 + ki−mi

ki+mi
q̄−i2 if q̄−i2 ∈

[
0, mi+ki

mi−ki

]
and 0 ≤ ki < mi or −mi < ki < 0,

or if ki < −mi < 0 or ki > mi ≥ 0,

0 if
(
q̄−i2 >

mi+ki
mi−ki

)
, 0 ≤ ki < mi or −mi ≤ ki < 0.

q∗i1(q̄−i1) =



1
δ + ki−mi

ki+mi
q̄−i1 if q̄−i1 ∈

[
0, 1δ ·

mi+ki
mi−ki

]
and 0 ≤ ki < mi or −mi < ki < 0,

or if ki < −mi < 0 or ki > mi ≥ 0,

0 if
(
q̄−i1 >

1
δ ·

mi+ki
mi−ki

)
, 0 ≤ ki < mi or −mi ≤ ki < 0.

Two Period Model (With Uncertainty)
Additional variables
• We now assume that since the stock of the CPR is limited, an individual cannot be sure that he will be able to consume his optimal q∗it. This is

because someone else may consume the good before he can.

• q̃i1 is the quantity that consumer 1 was unable to consume in period 1 due to limited supply of CPR. q̃i1 ∈ [0, q∗i1].

• From here on, quit is the solution with uncertainty and qnuit is without uncertainty.

• We incorporate this by defining ∂qui2
∂qui1

= −1.

• In such a case, if he is unable to consume it in period 1, he will try to consume the leftover in period 2.

• An extra unit of qi1 saved (spent) in period one increases (decreases) si1 by 1. Therefore, ∂q
u
i2

∂qui1
= −1.

Payoff Function
πui = wi − qi1 − si1 + ln(mi(q

u
i1 + q̄−i1) + ki(q

u
i1 − q̄−i1))

+δ
(
xi2 + si1 + ln(mi(q

u∗
i2 (qi1) + q̄−i2) + ki(q

u∗
i2 (qi1)− q̄−i2))

)
(3)

qu∗i2 = qnu∗i2 + q̃ui1

Optimal Consumption from Best Response Function

qu∗i1 (q̄−i1, Ai) =



1
δ(1+Ai)

+ ki−mi
ki+mi

q̄−i1 if q̄−i1 ∈
[
0, 1

δ(1+Ai)
· mi+ki
mi−ki

]
and 0 ≤ ki < mi or ki < −mi < 0,

or if −mi < ki < 0 or ki > mi ≥ 0,

0 if
(
q̄−i1 >

1
δ(1+Ai)

· mi+ki
mi−ki

)
, 0 ≤ ki < mi or −mi ≤ ki < 0.

In the above solution, the consumer must work with some expected value of q̃ui1 to obtain the value of Ai

Conclusions
•At first we find that by introducing multiple periods, a consumer consumes more in the initial periods.

•As we can see, the introduction of the possibility to consume in a future period potentially (and very
likely) decreases the consumption in period 1.

• If δ(1 + Ai) = 1, the first period of the game has the same solution as the one period model.

• If δ(1 + Ai) > 1 the consumer actually consumes less in the first period comared to a one period
game.

• Thus, the magnitude of Ai determines whether consumption under uncertainty is more or less than
in a single period game.

Future Work
• Simulating examples

• Finding alternate ways to introduce uncertainty. This will also include a better representation of the
expected q̃ui1.

• Testing the rhobustness of the model by using other utility functions.

•Designing an experiment to estimate parameters.

• Repeating a similar game with infinite periods.
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