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EXTERNALITIES

* EXTERNALITIES. THE EFFECT THAT THE ACTION OF AN
AGENT HAS ON THE WELFARE OF ANOTHER AGENT,
BEYOND THE EFFECTS TRANSMITTED BY CHANGES IN
PRICES.

e EXAMPLES OF NEGATIVE EXTERNALITIES:

* PRODUCTION EXTERNALITY, A FIRM’S POLLUTION OF A RIVER BEING USED FOR
FISHING DOWNSTREAM.

* CONSUMPTION EXTERNALITY, A ROOMMATE STREAMING ONLINE WHICH
SLOWS DOWN THE INTERNET SPEED OF OTHER ROOMMATES.

* THE DECREASE IN MARKET PRICES AFTER ONE FIRM BRINGS MORE UNITS FOR
SALE CANNOT BE CONSIDERED AN EXTERNALITY.

* THIS EFFECT IS TRANSMITTED VIA PRICES SINCE A MARKET FOR THE GOOD EXISTS.
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EXTERNALITIES

* EXAMPLES OF POSITIVE EXTERNALITIES:

* CONSUMPTION EXTERNALITY, AN INDIVIDUAL CHOOSING TO VACCINATE
HELPS OTHER INDIVIDUALS AROUND TO BE BETTER PROTECTED.

* PRODUCTION EXTERNALITY, AN UNPATENTED R&D COMPLETED BY A
UNIVERSITY WHICH CAN BE USED FOR FREE.



UNREGULATED EQUILIBRIUM

* IN THE CASE OF A NEGATIVE EXTERNALITY, LIKE A FACTORY
POLLUTING A RIVER, THE POLLUTER IGNORES THE EFFECT
THAT ITS ACTIONS HAVE ON OTHERS, SUCH AS POOR AIR
QUALITY FOR CITIZEN LIVING IN THE AREA.

* IF LEFT UNREGULATED, THIS POLLUTING FIRM WOULD
PRODUCE A LARGE AMOUNT OF POLLUTION, WHICH IS
NOT NECESSARILY OPTIMAL.



UNREGULATED EQUILIBRIUM

* EXAMPLE 17.1: UNREGULATED EQUILIBRIUM.

« CONSIDER A MONOPOLIST FACING INVERSE DEMAND FUNCTION
p(g) = 10 — q, AND TOTAL COST TC(q) = 2q.

* THE FIRM’S PMP IS:
MAX(10 — q)q — 2q.
q

* DIFFERENTIATING WITH RESPECT TO gq,
10—2q -2 =0,
8 = 2q.
* SOLVING FOR g, WE OBTAIN AN UNREGULATED EQUILIBRIUM OUTPUT
OF

gV = 4 UNITS.



UNREGULATED EQUILIBRIUM

* EXAMPLE 17.1 (CONTINUED):

* EACH UNIT OF OUTPUT GENERATES a = 0 UNITS OF
POLLUTION, THEN THE TOTAL AMOUNT OF POLLUTION THE
FIRM GENERATES IS 4a.

* FIGURE 17.1 REPRESENTS THE FIRM’S PROBLEM, WHICH
INCREASES OUTPUT g UNTIL MARGINAL PROFITS ARE ZERO.
$

* Producing more than 4 units
yields negative marginal
profits.

$8

Marginal profit,

* Producing fewer than 4 units
means the firm could still
increase output and further
increase its profits.

Unregulated
equilibrium,
g"=4 units

Figure 17.1 8
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SOCIAL OPTIMUM

* HOW CAN WE EVALUATE WHETHER THE UNREGULATED
AMOUNT OF POLLUTION IS SOCIALLY EXCESSIVE OR NOT?

* WE FIRST EXAMINE HOW MUCH POLLUTION WOULD BE
GENERATED BY A SOCIAL PLANNER WHO CONSIDERS
BOTH:

* THE FIRM’S PROFITS; AND

* THE EXTERNALITY THAT POLLUTION IMPOSES ON OTHER INDIVIDUALS AND
FIRMS.

Intermediate Microeconom ic Theory 10



SOCIAL OPTIMUM

* EXAMPLE 17.2: FINDING THE SOCIAL OPTIMUM.
* CONSIDER THE SAME SCENARIO THAN IN EXAMPLE 17.1.

* EVERY UNIT OF EMISSIONS e > 0 GENERATES AN EXTERNAL COST
OF EC = 3(e)?%, WHICH IS INCREASING AND CONVEX IN e.

* EMISSIONS ARE DAMAGING FOR INDIVIDUALS IN THE VICINITY OF THE POLLUTING
FACTORY, AND AT AN INCREASING RATE.

* THE FIRST TON OF CO, MIGHT JUST CREATE FOG IN THE AREA, WHILE THE 10,000™
TON CREATES SERIOUS HEALTH PROBLEMS.

* BECAUSE EMISSIONS ARE DEFINED AS e = agq,
EC = 3(aq)?.

i1 — 2l 2_3 2
,e—4q,THEN EC—3(4q) =1.q"

1
e |FC(=Z
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SOCIAL OPTIMUM

 EXAMPLE 17.2 (CONTINUED):

* THE SOCIAL PLANNER CARES ABOUT SOCIETY AS A WHOLE, BY SOLVING THE
FOLLOWING PROBLEM:

MAX [(10 — ¢)q — 2q] — 3(aq)?.

\ J | J
1 1

Profits External cost
* DIFFERENTIATING WITH RESPECT TO gq,
(10 —2qg — 2) — 6a?q = 0,

8 =q(2 + 6a?).

* AND SOLVING FOR g, THE SOCIAL OPTIMUM IS

8
SO _
LA

WHICH IS DECREASING IN THE RATE OF EMISSIONS PER UNIT OF OUTPUT, a.
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SOCIAL OPTIMUM

* EXAMPLE 17.2 (CONTINUED):

* IF EVERY UNIT OF OUTPUT GENERATES 1 UNIT OF EMISSIONS, @ = 1, THE

8

SOCIAL OPTIMUM IS g°¢ = ~+c = 1 UNIT.

* WHEN OUTPUT DOES NOT GENERATE ANY UNIT OF EMISSIONS, @ = 0, THE

8

SOCIAL OPTIMUM INCREASES TO ¢59 = ~5 = 4 UNITS, WHICH COINCIDES

WITH THE UNREGULATED EQUILIBRIUM.

e EXTERNAL COST EC = 3(ag)? = 0, WHEN a = 0, AND
THE SOCIAL PLANER’S MAXIMIZATION PROBLEM
COINCIDES WITH THAT OF THE UNREGULATED FIRM.
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SOCIAL OPTIMUM

* EXAMPLE 17.2 (CONTINUED):
» FIGURE 13.2 DEPICTS THE SOCIAL PLANNER’S PROBLEM.

* Leaving the firm unregulated yields

o =

$
* The social optimum lies where $8
marginal profit crosses marginal Margl;alzl(’]mﬁt’
SO Z
damdge aig- . Marginal damage, 6ag
« q > q°° would generate more external
costs than profits, being inefficient.
« g < q°9, would generate more profits
than externals, being not efficient
either.
A 4 q
8
SO _
& T 2+6a

Figure 13.2
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SOCIAL OPTIMUM

* EXAMPLE 17.2 (CONTINUED):

* THE REGULATOR DOES NOT NECESSARILY RECOMMEND THE
PROHIBITION OF THE EXTERNALITY-GENERATING ACTIVITY.

+ THE SOCIALLY OPTIMAL OUTPUT ¢%° = —>—, DECREASES IN

o, BUT IT DOES NOT BECOME ZERO FOR ANY VALUE OF a.

+ EVEN IN THE CASE OF A = 100, ¢%° = — (631002) = 0.0001 UNITS.




SOCIAL OPTIMUM

* EXAMPLE 17.3: PROHIBITING POLLUTION.

CONSIDER EXAMPLE 17.2, BUT ASSUME EC = 3(e)2+7e, WHICH IS
INCREASING AND CONVEX IN e, BUT YIELDS A HIGHER MARGINAL DAMAGE
THAN THE EC IN EXAMPLE 17.2. IN ADDITION, ASSUME THAT « SATISFIES
O<a<?.

THE SOCIAL PLANNER’S PROBLEM IS:
MAX [(10 — q)q — 2q] — [3(aq)® + 7aq]

I
External cost

i

Profits

DIFFERENTIATING WITH RESPECT TO g,
(10 —2qg — 2) — (ba?q + 7a) = 0,
8 —7a =q(2+ 6a?).
SOLVING FOR g, THE SOCIAL OPTIMUM IS

B 8—7a
2+ 6a?’ e

SO

q



SOCIAL OPTIMUM

« EXAMPLE 17.3 (CONTINUED):

8—-7«x

e SOCIAL OPTIMUM ¢°° = s IS DECREASING IN THE RATE AT WHICH
OUTPUT TRANSFORMS INTO EMISSIONS, o, BECAUSE ITS DERIVATIVE IS

Gosi= (21 607) = 12 (@il
da (2 + 6a?)?
_ —14—42a% — 96a + 84a?
E (2 + 6a?2)2 ;

_ —14+4+ 420 —96a —7 +3a(7a — 16)
2 602)2  2(1 322

WHICH IS NEGATIVE FOR ALL @<2.33 (THIS CONDITION HOLDS SINCE
a SATISFIES 0<a<2 BY ASSUMPTION).
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SOCIAL OPTIMUM

* EXAMPLE 17.3 (CONTINUED):

5772 < 0 SO LONG AS THE

2+6a% —

* SOCIAL OPTIMUM ¢39 =
NUMERATOR IS NEGATIVE, THAT IS, 8 — 7 < 0 OR a > §

* IF EVERY UNIT OF OUTPUT GENERATES SLIGHTLY MORE
THAN 1 UNIT OF EMISSIONS, THE SOCIALLY OPTIMAL
OUTPUT SHOULD BE REDUCED TO ZERO, BANNING THE
POLLUTION-GENERATING ACTIVITY.

18
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RESTORING THE SOCIAL OPTIMUM

* HOW TO INDUCE AGENTS TO INTERNALIZE EXTERNALITIES,
RATHER THAN IGNORING THEM COMPLETELY IN THE
UNREGULATED EQUILIBRIUME?

1. BARGAINING BETWEEN THE AFFECTED PARTIES.

2.  MARKET INTERVENTION THROUGH GOVERNMENT POLICY.

20



BARGAINING BETWEEN THE AFFECTED
PARTIES

* COASE THEOREM (COASE, 1960). THE AGENTS PRODUCING THE
EXTERNALITY AND THOSE AFFECTED CAN NEGOTIATE, GENERATING A
SOCIALLY OPTIMAL AMOUNT OF EXTERNALITY, IF:

(1) ALL PARTIES ARE PERFECTLY INFORMED ABOUT EACH OTHER’S
BENEFITS AND COSTS.

(2) THE NEGOTIATION AND TRANSACTION COSTS ARE ZERO.
(3) THE AMOUNT OF THE EXTERNALITY IS OBSERVABLE BY A THIRD PART.
(4) THEIR AGREEMENT IS ENFORCEABLE.

THIS RESULT HOLDS BOTH WHEN THE PROPERTY RIGHTS FOR THE
RESOURCE ARE ASSIGNED TO THE AGENT GENERATING THE EXTERNALITY,

AND WHEN THEY ARE ASSIGNED TO THE AGENT AFFECTED BY THE
EXTERNALITY.
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BARGAINING BETWEEN THE AFFECTED
PARTIES

* EXAMPLE:

* AN UPSTREAM FIRM POLLUTES A RIVER, AFFECTING A FISHING
FARM LOCATED DOWNSTREAM.

* AS WATER BECOMES MORE POLLUTED, THE FISHING FARM NEEDS
TO SPEND MORE RESOURCES IN FILTERING WATER.

* A PRODUCTION EXTERNALITY ARISES BECAUSE POLLUTION
AFFECTS THE COSTS OF THE FISHING FARM.

* WE ANALYZE TWO CASES:

* PROPERTY RIGHTS OVER THE RIVER ARE ASSIGNED TO THE
FISHING FARM.

* THE POLLUTING FIRM OWNS THE RIVER.

22



BARGAINING BETWEEN THE AFFECTED
PARTIES

* EXAMPLE (CONTINUED):
FISHING FARM OWNS THE RIVER.

* THE RIVER WOULD BE INITIALLY COMPLETELY CLEAN. THE
EXTERNALITY-GENERATING ACTIVITY WOULD BE g = 0.

* IS THIS OUTCOME EFFICIENTe NO!

* THE POLLUTING FIRM COULD NEGOTIATE WITH THE FISHING
FARM AND PAY FOR AN INCREASE IN THE EXTERNALITY-
GENERATING ACTIVITY FROM g = 0 TO EXACTLY g°° UNITS.

23



BARGAINING BETWEEN THE AFFECTED
PARTIES

* EXAMPLE (CONTINUED):
FISHING FARM OWNS THE RIVER (CONT.).

- OUTPUT LEVELS BETWEEN g = 0 AND g5°

* GENERATE MORE PROFITS FOR THE POLLUTING FIRM THAT THE
EXTERNAL COST IMPOSED ON THE FISHING FARM.

« BEYOND ¢°Y,

* THE POLLUTING FIRM WOULD OBTAIN ADDITIONAL PROFITS
BUT THEY ARE SMALL THAN THE ADDITIONAL COMPENSATION

THE FISHING FARM NEEDS TO ACCEPT THE INCREASE IN
POLLUTION.
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BARGAINING BETWEEN THE AFFECTED
PARTIES

* EXAMPLE (CONTINUED):
POLLUTING FIRM OWNS THE RIVER.

* THE RIVER WOULD INITIALLY BE COMPLETELY DIRTY, AS THE
FIRM WOULD CHOOSE ¢Y.

* IS THIS OUTCOME EFFICIENTe NO!

e THE FISHING FARM COULD NEGOTIATE WITH THE
POLLUTING FIRM AND FOR A DECREASE IN THE EXTERNALITY-
GENERATING ACTIVITY, FROM qY TO EXACTLY g°°.

25



BARGAINING BETWEEN THE AFFECTED
PARTIES

* EXAMPLE (CONTINUED):
POLLUTING FIRM OWNS THE RIVER (CONT.).

« OUTPUT LEVELS BETWEEN ¢°° AND gV
 GENERATE A LARGER EXTERNAL COST FOR THE FISHING FARM
THAN ADDITIONAL PROFITS FOR THE POLLUTING FIRM.
e WHEN REDUCING POLLUTION BELOW ¢g°9,

* THE FISHING FARM WOULD OBTAIN ADDITIONAL REDUCTION
IN EXTERNAL COSTS, BUT SMALLER THAN THE ADDITIONAL

COMPENSATION THE POLLUTING FIRM NEEDS TO FURTHER
DECREASE POLLUTION.
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BARGAINING BETWEEN THE AFFECTED
PARTIES

* THE COASE THEOREM HOLDS WHEN ITS MAIN
ASSUMPTION ARE SATISFIED:

* ZERO NEGOTIATION COSTS.

* NEGOTIATION COSTS INCREASE AS MORE AGENTS GENERATE THE
EXTERNALITY AND MORE AGENTS ARE AFFECTED.

* WELL-DEFINED PROPERTY RIGHTS.

* ALLOWING BOTH PARTIES TO KNOW WHO SHOULD BE COMPENSATED FOR
AN INCREASE O DECREASE OF THE EXTERNALITY.

* PERFECT INFORMATION.

* AGENTS MUST BE WELL INFORMED ABOUT THE BENEFITS AND COSTS THAT
THE OTHER PARTY EXPERIENCES FROM THE EXTERNALITY. 27



BARGAINING BETWEEN THE AFFECTED
PARTIES

* OBSERVABLE POLLUTION AND ENFORCEABLE CONTRACTS.

* THE AMOUNT OF POLLUTION MUST BE OBSERVABLE BY A THIRD PARTY, AND
THE CONTRACT MUST BE ENFORCEABLE IN CASE ONE OF THE PARTIES BREAKS
IT.

* WHEN ANY OF THESE CONDITIONS DOES NOT HOLD, THE
NEGOTIATION DOES NOT GENERATE AN EFFICIENT
AMOUNT OF THE EXTERNALITY.

28



GOVERNMENT INTERVENTION

* PUBLIC POLICY SEEKING TO CORRECT EXTERNALITIES CAN
TAKE THE FORM OF:

* QUOTA, WHICH SETS AN UPPER LIMIT ON THE AMOUNT OF THE
EXTERNALITY THAT AGENTS CAN GENERATE. EXAMPLES:

* MAXIMUM TONS OF CO, THAT FIRMS CAN EMIT PER YEAR.
* MAXIMUM AMOUNT OF FISH THAT A FISHING COMPANY CAN APPROPRIATE.

* EMISSION FEE, WHICH INCREASES THE COST THAT THE FIRM FACES PER
UNIT OF THE OUTPUT GENERATING EXTERNALITY. EXAMPLE:

* THE FIRM PAYS $7 PER TON OF CEMENT BEING PRODUCED, AS THIS
PRODUCTION GENERATES EMISSIONS.

29



EMISSION QUOTAS

* IF THE REGULATOR SEEKS TO INDUCE A SOCIALLY OPTIMAL
OUTPUT ¢°?, SHE CAN SET AN EMISSION QUOTA OF EXACTLY

qSO:

e WHEN THE FIRM EMITS LESS THAN g%, NO FINES ARE IMPOSED.
e WHEN THE FIRM EMITS MORE THAN ¢°Y, A HEFTY FINE IS LEVIED.

* IN THE CASE OF EXAMPLE 17.2:
8

» THE REGULATOR CAN SET THE EMISSION QUOTA AT %0 = —,

WHERE a DENOTES THE RATE AT WHICH EVERY UNIT OF OUTPUT
TRANSFORMS INTO EMISSIONS.

e IF @ = 1/3, THE EMISSION QUOTA WOULD BE g5 = —

= 2 TONS OF

63
CO,.
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EMISSION FEES

* IF THE REGULATOR SEEKS TO INDUCE A SOCIALLY OPTIMAL
OUTPUT ¢°°, SHE ONLY NEEDS TO SET AN EMISSION
FEE ¢ THAT INDUCES THE FIRM TO PRODUCE EXACTLY ¢°°.

e BY ANTICIPATING THE FIRM’S PRODUCTION BEHAVIOR, THE
REGULATOR KNOWS HOW THE FIRM REACTS TO THE
EMISSION FEE (WHICH INCREASES ITS UNIT COST BY ¢t).
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EMISSION FEES

* EXAMPLE 17.4: FINDING OPTIMAL EMISSION FEES.

* FROM EXAMPLE 17.2, A POLLUTING MONOPOLIST FACES A
LINEAR DEMAND p(gq) = 10 — q AND MC(q) = 2.

 THE REGULATOR SEEKS TO INDUCE ¢°Y = 2 TONS OF CO0,.
* SHE FACES A TWO-PERIOD GAME:

* FIRST STAGE, THE REGULATOR SETS EMISSION FEE t.

« SECOND STAGE, OBSERVING THIS FEE, THE POLLUTING FIRM RESPONDS
CHOOSING ITS OUTPUT g.

* WE SOLVE THIS SEQUENTIAL-MOVE GAME BY APPLYING
BACKWARD INDUCTION.
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EMISSION FEES

« EXAMPLE 17.4 (CONTINUED):

* SECOND STAGE. IF THE REGULATOR SETS A FEE t ON EVERY UNIT OF
OUTPUT, THE MONOPOLIST’S PMP BECOMES

MqAX (10 —q)q — (2 +t)q,

WHERE THE FIRM’S UNIT COST INCREASES FROM 2q UNDER TO
REGULATION TO (2 + t)qg UNDER REGULATION.

« DIFFERENTIATING AND SOLVING WITH RESPECT TO Q,
10—-2g—(2+41¢t) =0,

8—t
t) = ——.
q(t) :
e WHEN t = 0, q(0) = 4 UNITS (UNREGULATED SCENARIO).
* WHENt > 0, OUTPUT DECREASES IN THE SEVERITY OF THE FEE.

33



EMISSION FEES

« EXAMPLE 17.4 (CONTINUED):

* FIRST STAGE. ANTICIPATING THE OUTPUT THAT MAXIMIZES THE FIRM’S

PROFITS q(t) = % SHE SETS IT EQUAL TO THE SOCIALLY OPTIMAL
OUTPUT g°9 = 2 TONS OF CO,THAT SHE SEEKS TO INDUCE

t = $4.

* BY SETTING A FEE OF $4 PER UNIT OF OUTPUT, THE REGULATOR
INCREASES THE MONOPOLIST'S COSTS, WHICH INDUCES THE FIRM TO
VOLUNTARY PRODUCE ¢°°.
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PUBLIC GOODS

* “PUBLIC GOODS” ARE GOODS AND SERVICES WHICH ARE:

* NONRIVAL, ITS CONSUMPTION BY ONE INDIVIDUAL DOES NOT REDUCE
THE AMOUNT OF THE GOOD AVAILABLE TO OTHERS.

* NONEXCLUDABLE, PREVENTING AN INDIVIDUAL FROM ENJOYING THE
GOOD IS EXTREMELY EXPENSIVE OR IMPOSSIBLE.

* EXAMPLES:
* NATIONAL DEFENSE.
* CLEAN AIR.

* GOODS THAT NOT SATISFY EITHER PROPERTY ARE “PRIVATE
GOODS,” SUCH AS AN APPLE.
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PUBLIC GOODS

* TAXONOMY OF GOODS WHEN COMBINING RIVALRY AND
EXCLUDABILITY PROPERTIES.

Table 17.1

Excludable Nonexcludable
Rival Private goods Common-Pool Resources
(Apples) (Fishing grounds)
Nonrival Club goods Public Goods
(Gyms) (National defense)

* NON-EXCLUDABLE GOODS RESULT IN FREE-RIDING BEHAVIOR, IN
WHICH CONSUMERS DO NOT PAY FOR THE GOODS BECAUSE
THEY EXPECT THAT OTHERS WILL PAY.
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PUBLIC GOODS

* EXAMPLE 17.5: FREE-RIDING OF PUBLIC GOODS.

* CONSIDER 2 ROOMMATES CLEANING THEIR APARTMENTS ON
SATURDAY.

* EVERY ROOMMATE i SIMULTANEOUSLY AND INDEPENDENTLY
CHOOSES THE NUMBER OF HOURS SHE SPENDS CLEANING, h; €
[0.24].

* HER UTILITY FROM CLEANING IS
ui(hi,hj) T (24 — hi)'-l_ :‘Bhl(hl + h]) i

| 1
Leisure Cleaner apartment

* (24 — h;) INDICATES THE NUMBER OF HOURS SHE ENJOYS IN LEISURE.

» Bh;(h; + h;) REFLECTS THE BENEFIT SHE OBTAINS FROM LIVING IN A CLEANER
APARTMENT, WHICH IS INCREASING h;, hj, AND IN PARAMETER f8 > 0.
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PUBLIC GOODS

* EXAMPLE 17.5 (CONTINUED):

* ROOMMATE i CHOOSES THE HOURS SHE SPENDS CLEANING, h;, TO
MAXIMIZE HER UTILITY w;(h;, hj). DIFFERENTIATING WITH RESPECT TO

hil
—1 + Z,Bhl + ,Bh] - 0,
« SOLVING FOR h;,

L= Bl L
() = 26 2R
e THIS EXPRESSION DETERMINES THE OPTIMAL CLEANING TIME FOR
INDIVIDUAL i, AS A FUNCTION OF INDIVIDUAL j'S CLEANING TIME. IT

CAN BE UNDERSTOOD AS A “BEST RESPONSE FUNCTION.”
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PUBLIC GOODS

* EXAMPLE 17.5 (CONTINUED):

* ROOMMATE i’S BEST RESPONSE FUNCTION, h;(h;) = i — k.

* Whenh; =0, h; = —
23
* When roommate j increases
her cleaning time, roommate
I decreases her own
because [ can free-ride off
J’s cleaning time.

* When h; = B' roommate i

does not spend time
cleaning.

Figure 17.3
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PUBLIC GOODS

* EXAMPLE 17.5 (CONTINUED):

* A SYMMETRIC BEST RESPONSE FUNCTION APPLIES TO ROOMMATE j,
hi (hy).

* INVOKING SYMMETRY, h; = h; = h".
* INSERTING h* INTO h;(h;), AND SOLVING FOR h%,

1 - Bh’

L
2p

2Bh* = 1— Bh*,
o
=3

1
3(1/10)

* IFS =1/10, EVERY ROOMMATE WOULD SPEND
SATURDAY.

= 3.3 HOURS CLEANING ON
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PUBLIC GOODS

e HOW CAN FREE-RIDING BE PREVENTED?

* REQUIRE ALL INDIVIDUALS (USERS AND NONUSERS) TO PAY
FOR THE PROVISION OF THE GOOD VIA TAXES RATHER
THAN VOLUNTARY CONTRIBUTIONS.

* REQUIRE USERS TO PAY A CERTAIN AMOUNT VERY TIME THEY
USE THE GOQOD.

* EXAMPLE: HIGHWAYS

* DRIVERS PAY TOLLS EVERY TIME THEY ACCESS A ROAD, TRANSFORMING THE
NATURE OF THE GOOD FROM NONEXCLUDABLE (FREEWAY) TO EXCLUDABLE
(CONTROLLED-ACCESS HIGHWAY).

* TOLLS HELP TO ALLEVIATE TRAFFIC CONGESTION, AS THEY CAN VARY
SIGNIFICANTLY DEPENDING ON THE TIME OF THE DAY.
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COMMON-POOL RESOURCES

ASSUME N INDIVIDUALS HAVE ACCESS TO A RESOURCE (E.G., FISHING
GROUND).

EVERY UNIT OF APPROPRIATION IS SOLD IN THE INTERNATIONAL MARKET,
WHICH IS PERFECTLY COMPETITIVE.

* EVERY FISHERMAN'’S APPROPRIATION (E.G., 20 TONS OF COD) REPRESENTS A SMALL
SHARE OF THE INDUSTRY CATCHES, WHICH DOES NOT AFFECT MARKET PRICES FOR THIS
VARIETY OF FISH.

MARKET PRICE p = $1 IS GIVEN.
EVERY FIRM FACES THE COST FUNCTION

i(qi + 0
C(%Q—i)=q(q SQ ),

WHERE Q_; = X ;; q; REPRESENTS THE SUM OF ALL APPROPRIATIONS BY
INDIVIDUALS DIFFERENT THAN 1.
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COMMON-POOL RESOURCES

« WHEN ONLY TWO FISHERMEN EXPLOIT THE RESOURCE, THE COST
FUNCTION IN EQUATION (17.1) SIMPLIFIES TO

q:1(q1 + q2)
S

C(q1,q2) =

FOR FISHERMAN 1 (SO THAT Q_; = g,).

AND SIMILARLY,

q2(q2 + q1)
S

C(q2,q1) =

FOR FISHERMAN 2 (SO THAT Q_; = q;).

« S > 0DENOTES THE STOCK OF THE RESOURCE.

* A MORE ABUNDANT RESOURCE (HIGHER S) DECREASE FISHERMAN i’S COST
BECAUSE FISH IS EASIER TO CATCH.
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COMMON-POOL RESOURCES

e THE COST FUNCTION IS INCREASING IN FISHERMAN i’S OWN
APPROPRIATION, g;, AND HIS RIVALS’ APPROPRIATION, Q_;.

* EVERY FISHERMAN CHOOQOSES ITS APPROPRIATION LEVEL q; TO MAXIMIZE
ITS PROFITS AS FOLLOWS:

_ q1(q; +0-)

MCII‘}X T = q; S

FINDING EQUILIBRIUM APPROPRIATION.
* DIFFERENTIATING WITH RESPECT TO gq;,

TR
—— S' J
MR MC

THE FISHERMAN INCREASES HIS APPROPRIATION UNTIL THE MARGINAL REVENUE
AND THE COST EXACTLY OFFSET EACH OTHER.
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COMMON-POOL RESOURCES

FINDING EQUILIBRIUM APPROPRIATION (CONT.).

* REARRANGING THE PREVIOUS EXPRESSION AND SOLVING FOR
di,

5 =2q; + Q-
(Q-y) il Q (BRF))
: ) ==—=(0_:. :
* q;(Q_;) describes how many units to
appropriate, g;, as a response to
how many units his rivals’ %
appropriate, Q_;.
S o
* He appropriates = when Q_; = 0. BRF;
* His appropriation decreases as /\
Q_i > O. S ——Q_i

Figure 17.4 i



COMMON-POOL RESOURCES

FINDING EQUILIBRIUM APPROPRIATION (CONT.).

* FIRMS ARE SYMMETRIC IN THIS SCENARIO BECAUSE THEY FACE THE
SAME PRICE FOR EACH UNIT OF FISH ($1), AND THE SAME COST
FUNCTION.

« THEREFORE, THE BEST RESPONSE FUNCTION OF ANY OTHER FIRM j (j #
i) IS SYMMETRIC TO BRF;, q;(Q_;) = g -~Q-;.

« IN A SYMMETRIC EQUILIBRIUM, g} = g% = - = g = q*. THEREFORE
QL =2j+iq" = (N —1gq".
* INSERTING THIS RESULT IN THE BEST RESPONSE FUNCTION,

§
*=___(N - 1gqg".
q" =3 2( )q

(17.2)
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COMMON-POOL RESOURCES

FINDING EQUILIBRIUM APPROPRIATION (CONT.).
* REARRANGING (17.2) AND SOLVING FOR g7,
20+ N-1)q S
2 TN
(N+1)qg* =S,

q —9—_ 10 TONS.

« IFS =100 TONS OF FINS AND N = 9 FISHERMEN, g* 132 =

* GENERALLY, THE EQUILIBRIUM APPROPRIATION g* INCREASES IN THE

STOCK OF THE RESOURCE, S, BUT DECREASES IN THE NUMBER OF FIRMS
COMPETING FOR THE RESOURCE, N.
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COMMON-POOL RESOURCES—-
JOINT PROFIT MAXIMIZATION

* CAN FISHERMEN INCREASE THEIR PROFITS IF THEY COORDINATE THEIR CATCHES?

YES!

* CONSIDER THE CASE OF 2 FISHERMEN, N = 2.

* WHEN FISHERMEN 1 AND 2 COORDINATE THEIR CATCHES, THEY MAXIMIZE JOINT

PROFITS AS FOLLOWS:

+ +
MAX 7t, + 1, = (‘h t q1(q1 CI2)> i (CIz o q2(q> ‘h))’

q1.92 S S
L )2
MAX(q; + g,) — (@1 + q2) .
q1.92 S
* DIFFERENTIATING WITH RESPECT TO ¢4,
2(qq +
i (1 + q2) —0 (17.3)

R S J
I
MR MC
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COMMON-POOL RESOURCES—-
JOINT PROFIT MAXIMIZATION

EVERY FISHERMAN INTERNALIZES THE COST EXTERNALITY THAT
HIS APPROPRIATION GENERATES ON OTHER FISHERMEN, AS
LARGER g; INCREASES THE COST OF FISHERMAN ;.

REARRANGING EQUATION (17.3) AND SOLVING FOR ¢,

S =2(q1 +q2)

S
q1(q2) = E — ({>.

(17.4)
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COMMON-POOL RESOURCES—-
JOINT PROFIT MAXIMIZATION

* q1(q2) = g — @, ORIGINATES AT THE SAME HEIGHT AS

FISHERMAN 1’S BEST RESPONSE FUNCTION, BUT DECREASES IN
HIS RIVAL'S APPROPRIATION FASTER.

qi A
* For a given g5, firm 1 chooses

to appropriate fewer units
when firms coordinate their
exploitation of the resource
than when every firm
independently selects its own o
appropriation.

LR
2

Figure 17.5
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* TO CONFIRM THIS FINDING, SIMULTANEOUSLY SOLVE FOR g,
AND g, IN EQUATION (17.4),

41(q2) =3 — q; FOR FISHERMAN 1,
42(q1) =5 — q; FOR FISHERMAN 2.

o THESE EQUATIONS OVERLAP EACH OTHER, INDICATING THAT A
CONTINUUM OF OPTIMAL PAIRS (g4, q,) SOLVES THE JOINT
MAXIMIZATION PROBLEM.
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« BECAUSE FIRMS ARE SYMMETRIC, A NATURAL EQUILIBRIUM IS
q =aq =q".

» INSERTING IT IN EQUATION ¢/F == — /7 AND SOLVING FOR

q’*,

S
JP — _
q 4'
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S
+1

» COMPARING ¢/F == WITH q* = -
CASE OF N = 2),

= — (EVALUATED FOR THE

q* > q’*
S S

= ==
3 4

* AGENTS EXPLOIT THE RESOURCE LESS INTENSIVELY WHEN THEY
COORDINATE THEIR APPROPRIATION DECISIONS THAN WHEN
THEY DO NOT COORDINATE THEIR EXPLOITATION.
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