
6. The Tragedy of the Commons∗

This chapter studies a tragically common set of incentives that generally lead to

overuse of a common resource like fish stocks, ground water in California’s central valley,

and clean air. The basic insight dates back to 1833 and the British economist William

Forster Lloyd. He used the example of a village commons which all of the villagers could

use for grazing their cattle. Garrett Hardin highlighted the problem in 1968 in the con-

text of population growth and environmental concerns and called it “the tragedy of the

commons.”1. Other names include “commons problem” and “common resource problem.”

Two key features define a commons problem. First, there is a resource that is common

to a group of actors. That is, the resource is non-excludable in that these actors cannot

be excluded from access to this resource. Second, the resource is depletable. The

more of the resource the agents consume in total, the higher the cost each of them pays.

These costs often arise because consuming more today means having less tomorrow. For

example, the more a group of fishers catch today, the fewer fish will survive to breed and

the smaller the stock of fish will be tomorrow.

Examples include cod fisheries in the Grand Banks off Newfoundland, Bluefin tuna,

Passenger pigeons, the ocean as a garbage dump, air pollution, green house gases, ground

water depletion, traffic congestion, and network congestion.2

The two defining features of a commons problem generally lead to overconsumption

of the resource. When deciding how much of the resource she will consume, an individual

agent balances the (marginal) gain she gets against the (marginal) individual cost she pays

from depleting the resource. But this individual cost is less that the total cost because

all of the other actors pay when the resource is depleted. Not taking the total cost into

account makes consumption seem less costly than it is and this results in overconsumption.

This lecture formalizes a common resource problem as a static game. We then find

the equilibrium to see if there is overconsumption and if the levels of consumption are

∗These are lecture notes for PS135/Econ110 at UC Berkeley by Robert Powell.
1Garrett Hardin, “The Tragedy of the Commons,” Science, https://science.

sciencemag.org/content/162/3859/1243
2See https://www.dummies.com/education/science/environmental-science/

ten-real-life-examples-of-the-tragedy-of-the-commons/.
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socially (Pareto) inferior, i.e., if everyone could be made better off if they could agree and

enforce different levels of consumption.

6.1 A carbon-budget example.

We can think of the earth’s “carbon budget” as a common resource and the emission of

green-house gases as an example of the tragedy of the commons. Suppose there are two

countries, C1 and C2, which we assume are identical to keep things simple. Each country

gains from the economic activity resulting from its emission of green-house gases. Let e1

denote C1’s emission and 3
√
e1 be the gain it gets from this emission, and similarly for C2.

The earth also has a “carbon budget” B. If total emissions e1 + e2 exceed B global

warming gets worse and both countries suffer a loss. If total emissions are less than B,

global warming gets a bit better. C1’s payoff is (B − e1 − e2)
1/3 which is positive when

B > e1 + e2 and negative when B < e1 + e2.

We assume the interaction in static; each country chooses its level of emissions without

knowing the other country’s emissions. A strategy profile is (e1, e2) and the countries’

payoffs are

V1(e1, e2) = (e1)
1/3 + (B − e1 − e2)

1/3

V2(e1, e2) = (e2)
1/3 + (B − e1 − e2)

1/3.

6.2 Some questions about emissions levels.

We find the Nash equilibria of the game below and use them to answer two fundamental

questions.

1. Is (are) the Nash equilibria Pareto efficient, or are there profiles (e1, e2) that are

Pareto improving?

2. Is there overconsumption of the carbon common pool in that there are Pareto effi-

cient profiles with lower total emissions?

6.3 Finding the Nash equilibria.

We find the Nash equilibria of this game in the same way that we did for the rent-seeking

game. That is, we first find each country’s best reply and then use them to find strategy
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Figure 6.1: C1’s payoff against e2 = 3.

profiles at which each country is playing a best reply to the other’s strategy.

Figure 6.1 plots C1’s payoff if it believes C2 emissions are e2 = 4.3 C1’s best reply to

e2 = 4 is the level of emissions e1 that maximizes V1(e1, 4). Suppose more generally that

C1 believes that C2’s emissions are e2. Then C1’s best reply is the emissions level e1 that

maximizes C1’s payoff given e2. To find C1’s best reply we take the derivative of V1(e1, e2)

with respect to e1 and set it equal to zero.

dV1(e1, e2)

de1
=

1

3(e1)2/3
− 1

3(B − e1 − e2)2/3

Setting this equal to zero gives

0 =
1

3(e1)2/3
− 1

3(B − e1 − e2)2/3

(e1)
2/3 = (B − e1 − e2)

2/3

br1(e2) =
B − e2

2
. (6.1)

3The plot also assumes that the carbon budget is B = 10.
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Figure 6.2: The countries’ best replies.

Repeating this derivation (or noting the symmetry of the problem) gives C2’s best response

br2(e1) =
B − e1

2
. (6.2)

Both countries’ best responses are plotted in Figure 6.2.

The figure shows that there is a single strategy profile at which each country is playing

a best response to the other country. That is, there is a single profile (e∗1, e
∗
2) on both

countries’ best responses. To find this point analytically, observe that because this profile

satisfies equation 6.1, we have

e∗1 =
B − e∗2

2
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Using the fact that the profile also satisfies equation 6.2, substitute the expression for e∗2

to obtain

e∗1 =
B

2
− 1

2

(
B − e∗1

2

)
e∗1 =

B

3

which in turn implies e∗2 = B/3. The unique Nash equilibrium is (B/3, B/3), and two-

thirds of the carbon budget is consumed in equilibrium e∗1 + e∗2 = 2B/3.

6.4 Is there over consumption of the common resource?

Now that we have found the Nash equilibrium of the game we can use it to answer the two

questions posed above. First, are there better, i.e., Pareto improving outcomes? Exploit-

ing the symmetry of the game, is there an emissions level ê such that both countries are

better off at the profile (ê, ê) than they are at the Nash equilibrium (e∗1, e
∗
2) = (B/3, B/3)?

To see if there is, let’s find the ê that maximizes the social payoff which is the sum of

C1’s and C2’s payoffs. That is, we want to find the ê that maximizes V1(ê, ê) + V2(ê, ê).

Let s(ê) be the total or social payoff. Then,

s(ê) = V1(ê, ê) + V2(ê, ê)

= 2ê1/3 + 2 (B − 2ê)1/3

ds

dê
=

2

3ê2/3
− 4

3 (B − 2ê)2/3
.
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Setting the derivative equal to zero gives

0 =
2

3ê2/3
− 4

3 (B − 2ê)2/3

2ê2/3 = (B − 2ê)2/3

2
√

2 ê = B − 2ê

ê =
B

2(1 +
√

2)
.

Are the countries better off at (ê, ê) than at the Nash profile (B/3, B/3)? To see that

they are, observe that

V1(B/3, B/3) =

(
B

3

)1/3

+

(
B − B

3
− B

3

)1/3

= 2

(
B

3

)1/3

≈ 1.37B1/3.

As for V1(ê, ê),

V1(ê, ê) =

(
B

2(1 +
√

2)

)1/3

+

(
B − B

2(1 +
√

2)
− B

2(1 +
√

2)

)1/3

=

(
B

2(1 +
√

2)

)1/3

+

(
B2
√

2

2(1 +
√

2)

)1/3

= (1 +
√

2)

(
B

2(1 +
√

2)

)1/3

=

(
(1 +

√
2)2B

2

)1/3

≈ 1.43B1/3.

Clearly the countries are better off at (ê, ê) than they are at the Nash equilibrium. To
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see that they also consume more of the carbon budget in equilibrium, note that ê < e∗1

because 2(1 +
√

2) is clearly greater than 3.

6.5 What happens when there are more than two countries?

As we have seen, the two countries in equilibrium consume two-thirds of the common

resource. How does total consumption vary with the number of countries that have

access to the resource? We might imagine that more countries make things worse, and

that turns out to be the case.

To formalize this, suppose that their are now n countries. Each chooses its emission

level ej for j = 1, 2, 3, . . . , n. Each country’s payoff to an emissions profile is

Vj(e1, e2, . . . , en) = (ej)
1/3 + (B − e1 − e2 − · · · − en)1/3.

To find j’s best response, it will be convenient to let s−j be the sum of all of the other

countries’ emissions: s−j =
∑

i 6=j ei. Then we can write j’s payoff as

Vj(e1, e2, . . . , en) = (ej)
1/3 + (B − ej − s−j)

1/3.

We find j’s best reply by differentiating Vj:

dVj

dej
=

1

3(ej)2/3
− 1

(B − ej − s−j)2/3

Setting this equal to zero gives

0 =
1

3(ej)2/3
− 1

(B − ej − s−j)2/3

ej =
B − s−j

2
.

In a symmetric equilibrium, e∗1 = e∗2 = · · · = e∗n which implies s−j = (n−1)e∗j . Substituting

this into the previous equation yields

e∗j =
B − (n− 1)e∗−j

2

e∗j =
B

n + 1
.
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In sum, each of the n countries emits B/(n + 1) in equilibrium. Total emissions is

n times this amount, and this total goes to B as the number of countries becomes very

large. In words, if there are many countries, then they will consume virtually all of the

common resource.4

4To show this, write the total consummed as

nB

n + 1
=

B

1 + (1/n)
.

As n becomes large, 1/n goes to zero and the denominator goes to one.
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