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Intr oduction and O ver vie w
Th e umbrella covering the various pieces of economic theory is called welfare 
economics. It provides the basic framework for applying the tools of econom-
ics to problems such as estimating the benefi ts of trade, valuing environmen-
tal features, and determining the criteria for sustainability. Far from being an 
esoteric footnote to e conomic t heory, welfare economics provides t he basic 
worldview of economists, giving answers to fundamental questions regarding 
the u ltimate purpose of economic activity and the best policies to p romote 
human w ell- being. Th e validity of some of the most widely used tools of 
economics—cost- benefi t a nalysis, m ea sures o f to tal fac tor p roductivity, a nd 
 Pareto effi  ciency— depends c ritically on t he v alidity of t he u nderlying welfare 
economic model.

For more than half a century, economic theory and policy has been domi-
nated by a type of welfare economics called Walrasian economics, named af-
ter the po liti cal economist Léon Walras (1834–1910). Th e cornerstone of the 
Walrasian s ystem i s t he cha racterization o f h uman b ehavior emb odied i n 
“economic man,” or Homo economicus, whose preferences are assumed to b e 
stable, consistent, and in de pen dent of the preferences of others. With this start-
ing point, the leading fi gures in the “marginalist revo lution” of the 1870s— 
William Stanley Jevons, Vilfredo Pareto, and Walras— constructed a mathe-
matical m odel o f a n e conomy i n e quilibrium t hat de fi ned t he s cience o f 

PART ONE
the walrasian system
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economics as “the optimal a llocation of scarce resources among a lternative 
ends.” In t he de cades following World War II t his model not only came to 
dominate m icroeconomic a nalysis b ut a lso b ecame t he st arting p oint f or 
macroeconomics— the so- called microfoundations approach.

Th e starting point of the Walrasian system is the exchange of a fi xed col-
lection o f g oods a mong i ndividuals ba rgaining d irectly w ith o ne a nother. 
Th e end result of free and voluntary exchange is that no further trading will 
make one person better off  without making someone  else worse off . Th is  re-
sult is called Pareto effi  ciency, and it establishes one of the key ideas in mod-
ern economics, namely, the welfare benefi ts of trade. Th e next step is to intro-
duce prices into the basic model and show that a perfectly operating market 
economy will duplicate the results of face- to- face bartering. Th e last part of 
the puzzle is to recognize that prices may be “imperfect” but that it is possible 
for enlightened intervention to correct these market failures and reestablish 
the conditions for Pareto effi  ciency.

The Thr ee Building Bl o cks  
of the W alra sian S ystem
Th e fi rst building block of the Walrasian system is to e stablish that the free 
exchange of commodities will lead to Pareto effi  ciency in a pure barter econ-
omy. Individuals with a predetermined amount of commodities are allowed 
to directly and freely trade valuable goods with each other, and Pareto effi  -
ciency is achieved when no further trading can increase the well- being of one 
person w ithout de creasing t he w ell- being o f a nother. Th e s econd b uilding 
block is the demonstration that i f market prices correctly refl ect individual 
preferences, then a perfectly competitive market economy will lead to Pareto 
effi  ciency (the First Fundamental Th eorem of Welfare E conomics). Th at  is, 
competition i n f ree ma rkets w ill e xactly duplicate t he P areto e ffi  cient out-
come that would result from direct negotiations and exchange in a barter 
economy. Th e third and fi nal piece of the system is the recognition that the 
prices of market goods may be distorted for a variety of reasons. Th e se price 
distortions, called market failures, include the broad categories of externali-
ties, market power, and public goods. In these cases, governments have a le-
gitimate role to play in correcting the failures of markets in order to establish 
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the proper value (price) of things such as environmental ser vices (the Second 
Fundamental Th eorem of Welfare Economics). Th e underlying assumption is 
that people rationally and consistently respond to price signals.

To summarize the Walrasian system:

 1. Trading i n a ba rter e conomy— Unfettered ba rtering b y a gents w ith 
 stable preferences will lead to Pareto effi  ciency, a situation in which no 
further trading can make one person better off  without making another 
person worse off .

 2. Adding pr ices— If pr ices c orrectly re fl ect consumer preferences, t hen 
competitive markets a re a lways Pareto effi  cient. Free markets w ill ex-
actly duplicate the results of a direct barter system.

 3. Adjusting prices— When market failures are present, enlightened gov-
ernment intervention can adjust market prices so that a socially effi  -
cient Pareto outcome can be established.

Th ese three building blocks provide the worldview of most economists. Th e 
ultimate source of value and the ultimate arbiter of effi  ciency in the Walra-
sian system are the preferences of Homo economicus, what ever these prefer-
ences m ight b e a nd however t hey a re formed. Th ese building b locks hold 
together only i f a ll the assumptions defi ning Homo economicus and perfect 
competition are met.

Today, welfare economics is undergoing a revolution that promises to fun-
damentally change the way economists see the world. Walrasian welfare eco-
nomics is being challenged by a new economics, grounded in behavioral sci-
ence, that recognizes the social and biological context of decision making and 
the complexity of human behavior. Th e current sea change in economic theory 
off ers a u nique opportunity for economists, working together with other be-
havioral scientists, to move mainstream economic theories and policies toward 
an empirical, science- based approach unbounded by a priori assumptions.

Th is book has two goals. Th e fi rst is to p resent clearly and precisely how 
the internal logic of the Walrasian model works. What is the starting point 
for the model, how do the pieces fi t together, and what are the policy implica-
tions? Th e second is to p resent the current revolution in welfare economics 
and the theoretical and empirical challenges to Walrasian theory.



4  the w alra sian sy stem

Fur ther R eading
An essential source for background on economics concepts, defi nitions, and 
the history of economic thought is Th e New Palgrave Dictionary of Econom-
ics, 4 vols., ed. J. Eatwell, M. Milgate, and P. Newman (London and New York: 
Macmillan, 1987).

Recent Microeconomic Texts
Cowell, F. 2005. Microeconomics: Principles and Analysis. Oxford: Oxford 

University Press.
Mas- Colell, A., M. Whinston, and J. Green. 1995. Microeconomic Th eor y. New 

York: Oxford University Press.
Varian, H. 1992. Microeconomic Analysis. New York: W. W. Norton.

Not-So- Recent (but Very Useful) Microeconomic Texts
Ferguson, C. E. 1969. Microeconomic Th eor y, 2nd ed. Homewood, IL: Richard 

Irwin.
Ferguson, C. E. 1975. Th e Neoclassical Th eory of Production and Distribution. 

Cambridge: Cambridge University Press.
Henderson, J., and R. Quandt. 1980. Microeconomic Th eory: A Mathematical 

Introduction. New York: McGraw- Hill.
Quirk, J., and R. Saposnik. 1968. Introduction to General Equilibrium Th eor y 

and Welfare Economics. New York: McGraw- Hill.
Silberberg, E. 1978. Th e Structure of Economics: A Mathematical Analysis. 

New York: McGraw- Hill.

Classic Texts
Pareto, V. [1906] 1971. Manual of Po liti cal Economy. New York: Augustus Kelley.
Samuelson, P. A. 1947. Foundations of Economic Analysis. Cambridge, MA: 

Harvard University Press.
Walras, L. [1926] 1977. Elements of Pure Economics. Fairfi eld, CT: Augustus 

Kelley.



The Found at ion of U tilit y Theor y— Direct  
Exch ange in a Pur e Ba r ter Econo my
Imagine you are driving a long a h ighway behind a t ruck loaded w ith mer-
chandise. A b ox fa lls out and lands on the side of the road and you stop to 
take a look and examine the contents. Th e box is full of CDs (compact discs) 
of a ll sorts— classical music, country and western, hip- hop, jazz, Hawaiian, 
and blues. Th ere is nothing in the box to indicate ownership— no invoice, no 
name on the box— and you did not notice the name on the truck. You are on 
your way to y our economics class a nd, feeling sl ightly g uilty about taking 
the box, you decide to d istribute the CDs to y our classmates. Suppose there 
are twenty people in your class and you have 500 CDs to hand out. You start 
handing t hem o ut r andomly, n ot n ecessarily e venly— some p eople en d u p 
with lots of CDs and some with only two or three. So now there is a group of 
twenty people sitting around a table with 500 CDs randomly distributed and 
unevenly d ivided a mong t hem. Th is s ets t he st age f or l earning ab out h ow 
economists think about prices, markets, free trade, social welfare, utility, and 
effi  ciency.

the neoclassical theory 
of the consumer

Let us return to the state of nature and consider men as if . . .  sprung 
out of the earth, and suddenly, like mushrooms, come to full 
maturity without any kind of engagement to each other.

—Th om as Hobbes, De Cive; or, Th e Citizen [1651], edited with an 
introduction by Sterling P. Lamprecht (New York: Appleton- Century-  
Croft s, 1949), 100

1
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Th e Exchange of Goods in a Pure Barter Economy

Th e three starting points for the analysis that follows are:

 1.  Th e number of CDs to trade (500) is fi xed before trading starts.

 2.  Th e distribution of these CDs among the twenty people is given before 
trading starts.

 3.  Th e (musical) preferences of the twenty individuals do not change dur-
ing the bargaining pro cess.

Now t he f un b egins. Your e conomics te acher s eizes t he o pportunity to 
teach the class about market exchange and devotes the class time to establish-
ing a “market equilibrium.” Your fellow students start trading CDs— Brittney 
Spears for Bad Rel igion, Shostakovich for Metallica, or Green Day for Dale 
Watson. Trading goes on for most of the class as people haggle, barter, trade, 
and retrade to get the CDs they want. Aἀ er an hour or so, things get quiet as 
no one is willing to make another deal. Th e students have done the best they 
can, given the ir diff erent mu sical preferences and the ir initial endowment of 
CDs. Th is situation is called Pareto effi  ciency, an essential concept in neo-
classical welfare economics.
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Th e pro cess of haggling and bartering in trade is what Adam Smith had in 
mind when he talked about the “invisible hand” of the market economy; that 
is, the push- and- shove, give- and- take, dynamic vitality of capitalism. Direct 
bartering a llows for fac e- to- face i nteraction a nd for nonpecuniary motives 
such as a ltruism and envy, and of course old- fashioned greed. Perhaps you 
refuse to trade with some people because you resent the fact that they have 
more CDs than you do and you do not want them to be better off  than they 
already are. Maybe you trade fi ve CDs with someone for one CD you do not 
particularly wa nt because you are t rying to g et a d ate w ith him or her. A ll 
these factors may aff ect the “well- being” you get from the CDs and they can 
be incorporated into your trading decisions.

Pareto Effi  ciency in the Exchange of Goods— A situation in which no further 
trading of goods can make one person better off  without making another person 
worse off .
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Th ose of you who have learned the economic model of “perfect competi-
tion” (discussed in detail in Chapter 4) might recognize that some of the con-
ditions of that model are fulfi lled in this simple barter case. For example:

perfect information— everyone knows exactly how many CDs everyone else 
has and who the artists are

perfect resource mobility— trade can take place almost instantaneously and 
at negligible cost

homogeneous product— among t he CDs t here m ight b e four brand- new, 
identical copies of Pink Floyd’s Evolution CD

Th is simple example i llustrates some of the most basic ideas that econo-
mists dearly cling to.

Trade is good. All trade is assumed to be voluntary, so why would people 
trade if it did not make them better off ?

Restrictions on trade are bad. What if the instructor limited trades to two 
per p erson? Or co llected a t ax f or e ach R adiohead CD t raded? Th is  
would hinder or even prevent the achievement of Pareto effi  ciency.

Th e simple model of exchange in a barter economy is in the back of most 
economists’ m inds a s t hey ma ke p olicy r ecommendations o n e verything 
from international trade to global warming. A question to keep in mind is: 
How closely does this face- to- face barter situation resemble a modern market 
economy with prices, distant markets, complex social institutions, and lim-
ited information?

A Graphical An al ysis of B a r ter and Trade
As useful as the verbal description of exchange is, it has limitations in terms of 
its analytical power. Economists deal with data about economic activity, and to 
interpret this data it is necessary to examine it in an analytical, meaning math-
ematical, framework. By add ing a f ew more assumptions to t he barter model 
we can reexamine our exchange example using graphs, then math ematics.

One of the most basic and critical tools of Walrasian analysis is the indiff er-
ence curve, as depicted in Figure 1.1. Th e points on a par tic u lar indiff erence 
curve show all the combinations of two commodities (X and Y in Figure 1.1) 



 the neo cl a ssical theor y of the consu mer 9

that y ield t he s ame level of utility. I n fac t, i t m ight b e c alled a n i so- utility 
curve, analogous to i sothermals on a weather map. According to Figure 1.1, 
the consumer is just as happy with the combination of goods X and Y given 
by point 1 a s he or she is w ith t he combination g iven by point 2 . Th e con-
sumer is just as happy with 2X and 4Y as he or she is with 4X and 2Y.

Th e  indiff erence curve in Figure 1.1 embodies a number of assumptions 
about h uman b ehavior. Th e economic analysis of consumer behavior is 
based on a conception of human nature defi ned by the assumptions of Homo 
economicus, or “economic man” (sometimes called the rational actor model). 
Economic man has well- defi ned preferences that are stable over time. Indi-
vidual w elfare (utility) i s e quated w ith t he co nsumption o f ma rket co m-
modities, a s shown by t he a xes o f t he d iagram— goods X a nd Y. More i s 
preferred to less, so higher indiff erence curves, those farther away from the 
origin, represent more total utility to the consumer than ones closer to the 
origin. Commodities are subject to substitution, as indicated by the down-
ward slope of t he indiff erence curve. Indiff erence curves have t he mathe-
matical property of being “smooth and continuous,” meaning there are no 
“jumps” in utility as one commodity is substituted for another as we move 
along the curve.

Axioms of Consumer Choice Defi ning Homo economicus (economic man 
or the rational actor)

 1. Non- satiation—More is preferred to less. A commodity bundle on a higher 
indiff erence curve is preferred to one on a lower indiff erence curve.

Good Y

Good X

4

2

2

4

1

2

Level of utility

Figure 1.1. An indifference curve
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 2. Transitivity—If co mmodity b undle A i s p referred to b undle B , a nd 
bundle B is preferred to C, then bundle A is preferred to C. Th is  implies 
consistency in consumer choice.

 3. Preferences are stable and complete— For any pair of commodity bun-
dles A and B, the consumer either prefers A to B, B to A, or is indiff erent 
between the two bundles. Th ese preferences are stable over time.

 4. Diminishing marginal rates of substitution— As a consumer has more 
of one commodity relative to another one, he / she is willing to give up 
more of it for a unit of the second commodity.

 5.  Continuity—Th is is a mathematical property, meaning that any point on 
a line drawn between two points on an indiff erence curve is an interior 
point. As we will see later, this assumption is necessary to ensure a 
unique solution to any constrained maximization problem.

 6 . Exogenous preferences— Th e p references o f o ne co nsumer a re u naf-
fected by the preferences of others.

Th e sl ope o f a n i ndiff erence c urve a t a pa r tic u lar p lace a long a c urve, 
ΔX / ΔY or the “rise over the run,” indicates the marginal rate of substitu-
tion (MRS) of one commodity for another. For example, as we go between 
points 1 a nd 2 , t he ma rginal r ate o f subst itution o f g ood Y f or g ood X  
(MRSY for X) is −1, ΔX / ΔY =  −2 / 2 =  −1. Th e consumer is willing to give up 1 
X to get 1 Y without changing total utility. Th e shape of the curves, becom-
ing steeper or fl atter as they approach the X or Y axes, indicates a diminish-
ing marginal rate of substitution. As a consumer has more and more of good 
X (or good Y), he or she is willing to give up more and more of X (or Y) to get 
another Y (or X).

It is important to recognize the assumptions invoked in the basic model of 
exchange i n a ba rter situation a nd t hose t hat a re added as we move f rom a 
verbal to a g raphical and then to a ma thematical repre sen ta tion of exchange. 
Remember that this model is meant to be a plausible repre sen ta tion of actual 
human behavior. When we move to a graphical repre sen ta tion of utility, what 
assumptions are added to the three we started with in the pure barter case?
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� assumption alert! Critical behavioral assumptions we have added to move 
from a verbal to a graphical analysis of exchange:

 1. Th e utility of on e individual can be determined in de pen dently of th e utility of 
others.

 2. Utility or well- being is equated with consumption of the market goods X and Y.

 3. More consumption is always preferred to less.

 4. All items giving an individual “utility” are subject to substitution and trade. �

From Indiffer ence Cur ves t o Exch ange:  
The Edge wor th B ox Dia gram
Armed w ith our model of human behavior a nd our goal of effi  ciency, we 
can develop a set of rules about how two people (or more than two people 
using mathematics) will engage in barter and trade to make themselves bet-
ter off . Th e diagram in Figure 1.2 is called an Edgeworth box, named aἀ er the 
economist and mathematician Francis Edgeworth (1845–1926).

Figure 1.2 i s ac tually t wo i ndiff erence c urve d iagrams put together, one 
for consumer A and one for consumer B. Th e origin for consumer A is at the 

OA

OB

Good Y

Good X

IB1
IB2

1

2

IA1 IA2

Figure 1.2. Exchange as depicted in an Edgeworth box diagram
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Pareto Condition I. Th e condition for Pareto effi  ciency in exchange in a barter 
economy is that the marginal rates of substitution between the two goods is the 
same for the two consumers. When this occurs, no further trading can increase 
the utility of one consumer without decreasing the utility of the other.

lower leἀ - hand corner so that his utility increases steadily as we move up and 
to the right in the Edgeworth box (because he has more of goods A a nd B). 
Th e origin for consumer B is at the upper right- hand corner so that her utility 
increases as we move down and to t he leἀ  in the Edgeworth box. Any point 
inside the Edgeworth box shows the distribution of the two goods among the 
two consumers.

Notice that if we move from point 1 to p oint 2, the utility for both con-
sumers i ncreases. C onsumer A  move s f rom i ndiff erence c urve I A1 to t he 
higher indiff erence curve IA2 and consumer B moves from indiff erence curve 
IB1 to the higher indiff erence curve (farther f rom t he origin for B) I B2. At 
point 2 both consumers have been made better off  by trading. A movement 
from point 1 to p oint 2 in Figure 1.2 is a graphical repre sen ta tion of a vol-
untary trade of one CD for another in the barter example we began with.

Notice that at point 2 no further trading can take place without making one 
of the consumers worse off . If we move away from point 2 to anywhere  else on 
indiff erence curve IA2, consumer B moves to a n indiff erence curve with less 
utility. If we move from point 2 to a ny other point on indiff erence curve IB2, 
consumer A is on a lower indiff erence curve with less total utility. Point 2 is a 
Pareto- effi  cient p oint. N ow l ooking a t t he i ndiff erence c urves f or t he t wo 
consumers at point 2 we can see something very important. Th e  indiff erence 
curves are just tangent to one another, indicating that their slopes (their mar-
ginal rates of substitution of X for Y) are the same.

� assumption alert!

 1. Th is is a model of the static exchange of a fi xed amount of goods among consum-
ers with stable preferences, and each consumer has (implicitly) perfect informa-
tion a bout th e c haracteristics of th e go ods a nd th e p references of th e oth er 
consumer.
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critical thinking—Th e rationale for the benefi ts of exchange depicted in 
Figure 1.2 is perhaps the single most important concept in contemporary eco-
nomic theory and policy. Answer the following questions based on Figure 1.2 
and then critically examine your answers in light of the assumptions underly-
ing the fi gure. Th ink of real- world examples and real- world complications.

 1. Why do most economists advocate free trade?

 2. Why do mo st e conomists i nsist t hat t he opt imal a mount o f p ollution i s 
greater than zero?

 3. So f ar we h ave s aid not hing a bout prices; a ll t rade i s t he re sult o f d irect 
negotiations. How would u sing prices a s i ndicators of value change your 
answers to questions 1 and 2?

remember, think critically!

 2. Th e par tic u lar Pareto- effi  cient outcome depends on the initial distribution of the 
goods among the two consumers. Look at Figure 1.2 and convince yourself that a 
diff erent initial distribution of X and Y will result in a diff erent Pareto- effi  cient 
distribution. �

One More Thing Befor e Moving On—  
The Many Pa r et o Efficiencies
For any par tic u lar initial distribution of goods X and Y among consumers A 
and B, there will be only one Pareto- effi  cient outcome of trade. Each diff erent 
initial distribution of X and Y will yield a diff erent Pareto- effi  cient outcome. 
A line connecting all the Pareto points in an Edgeworth box is called a con-
tract curve, and such a c urve is shown in Figure 1.3. We will return to t he 
contract curve later when we discuss the notion of a social welfare function. 
Given the preferences of the two consumers A and B, for the two goods X and 
Y, as depicted by the shapes of the indiff erence c urves, t he contract c urve 
shows the Pareto- effi  cient allocations of the two goods for all possible initial 
distributions of the two goods between the two consumers.

Figure 1.3 illustrates a very important concept lying at the base of Walra-
sian economic policy. By a ltering t he i nitial d istribution of goods X a nd Y 
(this is called a lump- sum transfer), any par tic u lar Pareto- effi  cient outcome 



14  the w alra sian sy stem

can be reached. Th is has important implications for economic policy. In this 
framework t he i deal p olicy to co rrect i n e qual ity, f or e xample, i s to l et t he 
 po liti cal pro cess set the pa ram e ters (the initial distribution of goods) and let 
the “market” determine the fi nal outcome. Th is preserves the effi  ciency of the 
trading pro cess.

The Mathema tical Inter pr et at ion of U tilit y
Mathematically, the indiff erence curve may be stated as a utility function of 
the form:

(1.1) U A = f(X,Y)

Th e utility of consumer A is a function of (depends on) the amounts of com-
modities X and Y consumed. Much of Walrasian analysis uses the mathemat-
ics of constrained optimization. Th is mathematics is very simple but it can 
be i ntimidating to t he u ninitiated. Most o f t he mathematics i n e conomics 
deals with marginal change, which is expressed by the concept of the deriva-
tive. For e xample, t he cha nge i n u tility o f consumer A t hat results f rom a 

OA

OB

Good Y

Good X

IB1
IB2

IA1

IA2

IB3

IA3

Contract curve

Figure 1.3. A contract curve showing all Pareto- efficient possibilities
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change in the amount of good X is expressed as dU / dX (or using the Greek 
letter delta, ΔU / ΔX or ∂U / ∂X). It shows the eff ect of a sma ll change in the 
amount of good X o n total utility with the amount s of al l othe r go ods pos-
sessed by consumer A held constant. Th is is called the marginal utility of X. 
Likewise, dU / dY is the marginal utility of good Y.

Referring to equation (1.1), we can perform a mathematical operation called 
total diff erentiation to examine the change in utility resulting from changes 
in the amounts of goods X and Y.

(1.2) d U = (dU / dX) ΔX + (dU / dY) ΔY

Th e cha nge in total utility in t he simple t wo- good economy is equal to t he 
marginal utility of X, that is, how a one- unit change in X (or dX) changes the 
utility of the consumer (or dU), multiplied by the actual unit change in X 
(or ΔX) plus the marginal utility of Y multiplied by the actual unit change in Y. 
For example, if the marginal utility of X is 2 “utils” and the marginal utility of 
Y is 3 “utils,” and we give the consumer 2 more X’s and 3 more Y’s, the con-
sumer’s utility goes up by 2 ∙ 2 + 3 ∙ 3 = 13 utils.

By de fi nition, u tility do es n ot cha nge a long a n i ndiff erence c urve, s o 
dU = 0. Th us we can rewrite equation (1.2) as:

(1.3) (dU / dX) ΔX = −(dU / dY) ΔY or

(1.4) (dX / dY) = −(dU / dY) / (dU / dX) = −(MUY / MUX) = MRSY for X

Along an  indiff erence c urve, t he r atio o f ma rginal u tilities i s e qual to t he 
(negative) slope of the indiff erence curve, (dX / dY). So the slope of the indif-
ference curve at any par tic u lar point shows the rate at which the consumer 
can substitute one good for another and keep her utility constant. Stated an-
other way, the ratio of marginal utilities of the two goods is equal to the mar-
ginal rate of substitution of one of those goods for the other.

Terms and Concepts to Know Before Moving On (see the glossary at the 
end of the chapter)
Diminishing marginal rate of substitution
Exogenous preferences
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Homo economicus
Indiff erence curve
Marginal rate of substitution
Marginal utility
Pareto effi  ciency in exchange
Utility
Utility function
Welfare economics

Constrained Optimiz at ion
Economic analysis is dominated by models of constrained optimization. Mod-
els are constructed to maximize one thing (utility, production, profi t) subject 
to some constraint (income, production cost s). Th e mathematics may s eem 
complicated at fi rst blush, but once you learn the principle of constrained op-
timization you can apply it to a wide variety of economic prob lems.

Th e CD trading example is a constrained optimization problem. Each per-
son playing the game attempts to maximize the satisfaction gained from his 
or her collection of CDs given the following initial constraints:

 1.  Th e total collection of CDs to be traded is given.

 2.  Th e initial distribution of these CDs among consumers is given.

 3.  Th e preferences of all participants are consistent and stable.

By trading with each other, consumers A and B ma ximize the utility they 
derive from consuming goods X and Y given the three initial conditions. Th ey 
trade goods until they reach a point where any further trading would make at 
least one of them worse off . At this point the slopes of the indiff erence curves 
of the two consumers are the same, which means that the marginal rates of 
substitution of good X for good Y is the same for both consumers.

Mathematically, the constrained optimization problem looks like this:

(1.5) Z A = UA(XA, YA) + λ[UB(X0 − XA, Y0 − YA) − U0
B]

Equation (1.5) is called a Lagrangian equation and is an indispensable tool 
of Walrasian welfare economics. By co nvention, we use Z f or the Lagrange 
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equation rather than L s o as not to co nfuse it with equations for labor. Th e 
utility o f consumer A ( UA) i s ma ximized sub ject to t he a vailable a mounts 
of t he g oods— total a mounts o f t he g oods m inus t hose co nsumed b y co n-
sumer B. Th e total amounts of t he t wo goods are g iven as X0 = XA + XB and 
Y0 =  YA + YB. λ is the Lagrangian multiplier, and it is discussed in more detail 
in Chapter 4.

Th e combination of goods X and Y that give the highest possible utility to 
consumer A can be found by taking the partial derivatives (denoted by Δ) of 
ZA with respect to XA, YA, and λ.

(1.6) ∂ ZA / ∂XA = ∂UA / ∂XA − λ(∂UB / ∂XB) = 0

(1.7) ∂ ZA / ∂YA = ∂UA / ∂YA − λ(∂UB / ∂YB) = 0

(1.8) ∂ ZA / ∂λ = UB(X0 − XA, Y0 − YA) − U0
B

Dividing equation (1.6) by equation (1.7) yields the condition for maximizing 
the utility of consumer A, given the fi xed utility of consumer B:

(1.9) (∂U A / ∂XA) / (∂UA / ∂YA) = (∂UB / ∂XB) / (∂UB / ∂YB)

Th is is exactly the same condition for Pareto effi  ciency that we saw earlier in 
Figure 1.2. Th e ratios of the marginal utilities of goods X and Y (the marginal 
rates of substitution) have to be the same for both consumers A and B. When 
this condition is fulfi lled, no further trading of the goods can make one per-
son better off  without making the other person worse off .

The Necess it y of the In de pen dent U tilities  
Assumption in Walra sian Theor y
Notice t hat t he u tility f unction for consumer A ( equation [1.5]) do es not 
depend directly on the utility of consumer B but only on the amounts of X 
and Y he consumes. His utility is unaff ected by the amounts of X and Y that 
consumer B ha s. Th e assumption of in de pen dent utilities is critical to the 
result shown in equation (1.9). To ensure Pareto effi  ciency, the rates of com-
modity subst itution, Y f or X, have to b e the same for both consumers. As 
Chapter 3 sh ows, t his r esult i s c ritical for e stablishing t he conditions for 
general equilibrium in a co mpetitive economy. If the consumption of one 
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consumer is directly aff ected by the level of utility of the other consumer, as 
in the utility functions,

(1.10) U A = UA(XA, YA, XB, YB) and UB = UA(XA, YA, XB, YB)

then the fi rst condition for Pareto effi  ciency does not hold, that is, MRSA
Y for X ≠ 

MRSB
Y for X, and the conditions of general equilibrium (see Chapter 3) cannot 

be established (for a mathematical proof of this, see Henderson and Quandt 
1980, 2 97). N umerous e xperiments i n t he fi elds of  b ehavioral e conomics, 
neuroscience, a nd ps ychology ha ve e stablished t hat p reference f ormation 
is in fact “other regarding,” that is, the utility of one person is aff ected by the 
utility of others. Th e implications of these fi ndings for utility theory are ex-
plored in Part Two.

Appendix
Convexity Tests

Th e assumption of the convexity of indiff erence curves is necessary to en-
sure a unique solution to any consumer maximization problem. Convexity 
ensures that the indiff erence curves for the two consumers are tangent at only 
one point. Graphically, convexity means that a ll the points on a l ine drawn 
between any two points on the indiff erence curve are interior points. With-
out convexity we could have multiple tangency points between two indiff er-
ence curves. We a lso need to e stablish t hat utility i s being ma ximized, not 
minimized. If utility is at a ma ximum level, then any movement away from 
that point subtracts from total utility (a negative number).

Mathematically, convexity and utility maximization can be established by 
starting with the utility function:

(1.11) U 0 = f(X, Y), where utility is constant at U0.

Th e total d iff erential of this function is dU = (∂U / ∂X)dX + (∂U / ∂Y)dY. Th e 
change in utility (dU) is equal to the change in utility from an additional unit 
of good X (∂U / ∂X) times the change in the number of units of good X (dX) 
plus the change in utility from an additional unit of good Y (∂U / ∂Y) times 
the change in the number of units of good Y (dY).
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We a re moving a long a n i ndiff erence c urve, meaning t hat utility i s u n-
changed, dU = 0, so we can write:

(1.12) d U = (∂U / ∂X)dX + (∂U / ∂Y)dY = 0, and

(1.13) dY / dX = −(∂U / ∂X) / (∂U / ∂Y)

Th e slope of the indiff erence curve (dY / dX) equals the ratio of marginal utili-
ties of X and Y, which is the marginal rate of substitution of Y for X.  Either ∂X 
or ∂Y must be negative to off set the positive eff ect of a change in the amount of 
the other good.

We can further diff erentiate equation (1.13), yielding the second diff eren-
tiation of equation (1.11), to get:

(1.14) d 2Y / dX2 = [−1 / (∂U / ∂Y)3] [(∂2U / ∂X2) (∂U / ∂Y)2 − 2 (∂2U / ∂X∂Y)
(∂U / ∂X)(∂U∂Y) + (∂2U / ∂Y2) (∂U / ∂X)2]

Equation (1.14) shows the rate of change of the slope of the indiff erence curve.
In order for the indiff erence curve to ha ve a n egative slope, the function 

must be diff erentiable (smooth a nd co ntinuous) a nd t he v alue o f t he ter m 
within the brackets of equation (1.14) must be negative:

(1.15) ( ∂2U / ∂X2) (∂U / ∂Y)2 − 2 (∂2U / ∂X∂Y) (∂U / ∂X) (∂U∂Y)
 + (∂2U / ∂Y2) (∂U / ∂X)2 < 0

Equation (1.15) can be used to test the convexity of specifi c forms of the util-
ity function. For example, consider the function U = XY. Does this function 
pass the convexity test?

∂U / ∂X = Y

∂U / ∂Y = X

∂2U / ∂X2 = 0

∂2U / ∂X∂Y = 1

∂2U / ∂Y2 = 0

∂2U / ∂Y∂X = 1
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Substituting these results into equation (1.15) yields:

(1.16) (0) (X2) − 2(1)(Y)((X) + (0)(Y2) + (0)(Y2) = −2YX < 0

Th is function is convex so long as positive amounts of each good are con-
sumed.

Discounting
As we have seen, the basic Walrasian model is one of static exchange— it de-
picts a one- shot exchange of a fi xed set of goods. In real market situations the 
time factor is critical. In our CD example, suppose we want to trade one CD 
for t he promise of a nother to b e del ivered at some point i n t he f uture. We 
know that, in general, we would rather have something now than later, so a CD 
received a year from now is worth less than one received now. Th i s diff erence 
in value is captured by a discount rate. For example, if something received a 
year from now is worth only 90 percent of what it is worth if received now, 
this implies a discount rate of 10 percent.

Using a d iscount rate a llows us to t ake the t ime dimension into account 
without changing the basic framework of analysis. Referring to Figure 1.4, if 
good Y is delivered in the future, all we have to do is apply the discount rate r 
according to the discount formula (1 + r)−t and proceed as usual.

Glossar y
Constrained optimization—Th e maximization or minimization of an ob-
jective function subject to constraints imposed on the in de pen dent variable. 
For example, maximizing utility subject to an income constraint or minimiz-
ing costs subject to an output constraint.

Contract c urve for exchange— Th e locus of a ll Pareto- effi  cient points in an 
Edgeworth box diagram, each point representing a diff erent initial distribution 
of goods. At each point on the contract curve, the marginal rates of substitu-
tion between the two goods are the same for the two consumers.

Convexity test—A mathematical determination of whether a function (a util-
ity function in this chapter) is smooth and continuous. Convexity is neces-
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sary to demonstrate that there exists a unique combination of goods that maxi-
mizes a consumer’s utility.

Diminishing m arginal ra te o f s ubstitution—As t he a mount of  one  go od 
increases relative to another good, the more of the fi rst good a consumer is 
willing to g ive u p i n e xchange f or t he s econd g ood, ke eping to tal u tility 
constant.

Diminishing m arginal utility—As a co nsumer ob tains m ore a nd m ore o f 
one good, the amounts of all other goods held constant, the point will be reached 
where the utility from an additional unit begins to decline.

Discounting—Th e assumption is made in economic theory that a good deliv-
ered in the future is worth less than that same good delivered presently. Dis-
counting determines how much less goods delivered in the future are worth, 
valued from the point of view of the present.

Exogenous p references—Assumption t hat h uman p references a re en tirely 
self- regarding, t hat i s, co mmodity b undles a re e valuated i n de pen dently o f 
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Figure 1.4. Discounting in an Edgeworth box diagram
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what other people have or choose. Preferences can be evaluated outside (they 
are exogenous to) social context.

Homo economicus—Rational economic man, whose preferences are consis-
tent, insatiable, and in de pen dent of the preferences of others.

Indiff erence curve—A c urve sh owing a ll t he co mbinations o f t wo g oods 
yielding the same amount of utility.

Lump- sum transfer— In general equilibrium a nalysis, t he t ransfer of some 
initial endowment of goods from one person to another. Equilibrium will still 
be attained, but the Pareto- effi  cient distribution of goods will be changed.

Marginal rate of substitution—Th e rate at which a consumer can substitute 
one good for another without changing his or her level of total utility. Also 
called the rate of commodity substitution.

Marginal utility—Th e additional utility obtained from one additional unit of 
a commodity, the amounts of all other commodities held constant.

Pareto effi  ciency in exchange—In consumption, a situation in which no fur-
ther trading of goods can make one person better off  without making another 
person worse off .

Social welfare function—A graph or curve showing a ll the possible combi-
nations of individual utilities where social welfare is the same. Th e social wel-
fare function is based on given preferences, technology and resource endow-
ment, a nd s ome sp ecifi c e thical a ssumption ab out t he fa ir d istribution o f 
goods among consumers.

Utility—Th e amount of satisfaction derived from consuming market goods 
and ser vices.

Utility function—Expresses utility or well- being as a function of the quanti-
ties of market goods consumed. In this chapter, we have seen the general form 
UA = f(X,Y). U tility f unctions ma y a lso b e w ritten to i ndicate sp ecifi c func-
tional r elationships b etween t he co mmodities, such a s t he g eneral C obb– 
Douglas ( U =  AXaYb), l inear ( U = aX + bY), o r fi xed p roportions ( Leontief) 
(U =  min(aX, bY)) utility functions.
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Welfare e conomics—Th e branch of e conomics de aling w ith t he welfare or 
well- being of human society.

Refer ence
Henderson, J., and J. Quandt. 1980. Microeconomc Th eory: A Mathematical 

Approach. New York: McGraw- Hill.



The Found at ion of P r oduction Theor y— Input  
Exch ange in a B a r ter Econo my
We saw in Chapter 1 how two consumers in a barter economy allocate their 
scarce resources (the goods in their possession) in order to maximize their well-
 being. Th e other side of the coin in a modern economy is production, and the 
neoclassical analysis of production uses exactly the same framework as does 
the model of consumers exchanging goods. Consumers are the locus of “con-
sumption” and fi rms are the locus of “production.” In the pure model of pro-
duction, fi rms directly exchange productive inputs with other fi rms in order 
to increase output.

In our analysis, we will assume there are only two fi rms that use two in-
puts, capital (K) and labor (L), to produce two goods, X and Y.

Input Exchange in a Pure Barter Economy

Th e three starting points for the analysis that follows are:

 1.  Th e i nputs to b e e xchanged— the a mounts o f c apital a nd lab or— are 
given at the start of the analysis.

 2.  Th e i nitial d istribution of t he i nputs a mong t he fi rms i s g iven a t t he 
start of the analysis.

the neoclassical theory 
of production

Assuming equilibrium, we may even go so far as to abstract from 
entrepreneurs and simply consider the productive ser vices as being, 
in a certain sense, exchanged directly for one another.

—Léon Walras, Elements of Pure Economics [1874] (London: George Allen 
and Unwin, 1954), 225

2
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 3. Technology—the way in which capital and labor are used to produce the 
output of goods X and Y— does not change during the period of analysis.

Just as consumers exchanged goods so as to ma ximize utility, so too do 
fi rms exchange inputs so as to maximize output. Consumers have diff erent 
tastes (diff erent utility functions, in economic jargon) and fi rms have diff erent 
technologies (diff erent production functions). Firms keep trading inputs until 
no further trading can increase the output of one fi rm without decreasing the 
output of a nother f irm. This is exactly t he same concept of Pareto effi-
ciency in exchange described in Chapter 1, only now applied to production.

Pareto Effi  ciency in Input Allocation— A situation in which no further trading 
of inputs can increase the output of on e fi rm without decreasing the output of 
another fi rm.

The Grap hical An al ysis of Inpu t All o c at ion
Th e production equivalent of the indiff erence curve is the isoquant, or “same 
quantity,” showing the diff erent combinations of capital and labor that can be 
used to produce the same amount of output. Figure 2.1 shows how a fi rm uses 
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productive i nputs, lab or a nd c apital, to p roduce a pa r tic u lar g ood X . Th e 
same amount of good X can be produced using either four units of capital 
and two units of labor or by using two units of capital and four units of labor. 
In t he same way t hat commodities a re subject to subst itution in consump-
tion, so too are inputs subject to subst itution in production as indicated by 
the downward slope of the isoquant. Higher isoquants, farther away from the 
origin, represent more total output than ones closer to the origin. Isoquants, 
like in diff erence c urves, ha ve t he ma thematical p roperty o f b eing sm ooth 
and continuous; t here are no “ jumps” in output as one input is subst ituted 
for another. Keep in mind that the shape of isoquants says something about 
the physical nature of production. Th at is, when we assume smooth and con-
tinuous isoquants, we are saying that capital and labor are perfectly mallea-
ble. If we want to produce 10 units of X per day, for example, there is a machine 
available that is exactly the right size to do t hat, and a sl ightly larger one to 
produce 11 units of X, and so on.

Th e slope of an isoquant at a par tic u lar place along a curve, ΔK / ΔL, again 
the “rise over the run,” indicates the marginal rate of technical substitution 
(MRTS) of one i nput for a nother. For e xample, b etween p oints 1 a nd 2 i n 
Figure 2.1 the marginal rate of technical substitution of input K for input L 
(MRTSL for K) i s 1. At t hat point t he fi rm c an reduce t he i nput of K b y t wo 
units and add two units of L without changing total output. Th e shape of the 
isoquants, becoming steeper or fl atter as they approach the K or L axes, indi-
cates a diminishing marginal rate of technical substitution. As shown in 
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Figure 2.1. An isoquant
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Figure 2.1, as a fi rm uses more and more of input K, it takes more of input K 
relative to input L to keep production at the same level.

� assumption alert! Critical assumptions made so far about production:

 1. All inputs used to produce a par tic u lar good are substitutable for one another.

 2. Inputs are malleable, that is, there is no “lumpiness” in the production pro cess.

 3. Th e shapes of i soquants may vary, but whichever one is used is taken to b e an 
adequate repre sen ta tion of th e physical and technological reality of p roducing 
the good in question. �

Pa r et o Efficiency in Inpu t All o c at ion
Th e trading of productive inputs among fi rms can also be examined using an 
Edgeworth box diagram. Figure 2.2 depicts the trade of two inputs (K and L) 
between t wo fi rms producing goods X a nd Y. A ny point i n t he Edgeworth 
box represents the allocation of the two inputs between the two fi rms. Notice 
that if we move from point 1 to point 2 in the Edgeworth box, the production 
of both goods X and Y increases. Th e production of good X shiἀ s from isoquant 
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Figure 2.2. Exchange of inputs as depicted in an Edgeworth box diagram
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IX1 to the higher isoquant IX2 and the production of good Y moves from iso-
quant IY1 to the higher isoquant (farther away from the origin for Y) IY2.

Notice that at point 2 no further trading of inputs can take place with-
out reducing the output of at least one good. If we move away from point 2 
to anywhere  else on isoquant IX2, the production of good Y has to occur on 
an i soquant closer to t he origin w ith lower output. L ikewise, i f we move 
from point 2 to a ny other point on isoquant IY2, the production of good X 
is reduced because we are on a lower isoquant with less total output. Point 
2 i s a Pareto- effi  cient p oint for t he production of goods X a nd Y. At t his 
point t he i soquants for t he production o f b oth goods a re t angent to o ne 
another i ndicating t hat t heir sl opes a re t he s ame, t hat i s M RTSX

L fo r K  =  
MRTSY

L for K.

Pareto Condition II. Th e condition for Pareto effi  ciency in production in a bar-
ter economy is that the marginal rates of te chnical substitution for the two in-
puts are the same for the production of both goods. When this occurs, no further 
trading can increase the production of one good without decreasing the produc-
tion of another good.

The Mathema tical Inter pr et at ion of the Iso quant
Mathematically, the isoquant curve may be stated as a production function of 
the general form:

(2.1) Q X = f(K,L)

Th e quantity of good X produced is a function of the amounts of capital and 
labor used. As in the problem of consumer choice discussed above, Walrasian 
analysis uses the mathematics of constrained optimization to de scribe pro-
duction. Th e change in the output of good X resulting from a cha nge in the 
amount of capital used is expressed as dQX / dK, ΔQX / ΔK or ∂QX / ∂K. It shows 
the eff ect of a small change in the amount of K on the total output of X. Th is  
is called the marginal product of capital. Likewise, dQX / dL is the marginal 
product of labor.
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Just as we did for the utility function in Chapter 1, we can totally diff eren-
tiate the production function depicted in equation (2.1) to examine the change 
in output resulting from changes in the amounts of inputs K and L.

(2.2) d QX = (dQX / dK) ΔK + (dQX / dL) ΔL

Th e cha nge i n t he total output of X i s equal to t he ma rginal product of 
capital (the eff ect of a one unit change in K on QX) multiplied by the actual 
unit cha nge in K t imes t he ma rginal product of L m ultiplied by t he ac tual 
unit change in L . For example, i f the marginal product of K i s 2 X a nd the 
marginal product of L i s 3 X , a nd we g ive t he producer t wo more K ’s a nd 
three more L’s, the output of X goes up by 2 ∙ 2 + 3 ∙ 3 = 13 X.

By defi nition, t he a mount produced does not cha nge a long a n isoquant, 
so dQX = 0. Th us we can rewrite equation (2.2) as:

(2.3) ( dQX / dL) ΔL = −(dQX / dK) ΔK

Because either d L or dK must be negative a long a n i soquant, we can w rite 
this using positive signs as:

(2.4) ( dQX / dL) / (dQX / dK) = (MPL / MPK) = MRTSL for K = (dK / dL)

Along a n i soquant, t he ratio of ma rginal products (the ma rginal rate of 
technical subst itution of L f or K) i s equal to t he (negative) slope of the iso-
quant, −(dK / dL). So the slope of the isoquant at any par tic u lar point shows 
the rate at which labor can be subst ituted for capital a nd keep output con-
stant. Th e marginal rate of technical substitution of one input for another is 
equal to the ratio of the marginal products of those inputs.

Terms and Concepts to Know Before Moving On (see the glossary at the 
end of the chapter)
Diminishing marginal productivity
Diminishing marginal rate of technical substitution
Isoquant
Marginal rate of technical substitution
Pareto effi  ciency in production
Production function
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Constrained Optimiz at ion
As in the case of consumers trading goods, the problem of fi rms trading inputs 
can a lso be examined using a co nstrained optimization approach. Each fi rm 
attempts to ma ximize its output by trading inputs with other fi rms, given the 
initial constraints:

 1.  Th e total amounts of inputs are given.

 2.  Th e initial distribution of these inputs between the fi rms is given.

 3.  Th e technology used by the fi rms does not change.

In Figure 2.2, fi rms X and Y ma ximize the output of the goods they pro-
duce given their technology (production functions) and initial endowment of 
K and L. Th is occurs when the slopes of the isoquants of the two fi rms are the 
same, which means that the marginal rates of technical substitution of inputs 
K and L are the same for both fi rms.

Mathematically, the constrained optimization problem looks like this:

(2.5) Z X = QX(KX, LX) + μ[QY(K0 − KA, L0 − LA) − Q0
Y]

Th e output of fi rm X(QX) is maximized subject to the given available amounts 
of t he i nputs— which w ould b e t he to tal a mounts o f t he i nputs K a nd L 
 minus those used by fi rm Y. Th e total amounts of the two inputs are given as 
K0 = KX + KY and L0 = LX + LY. Th e symbol μ is the Lagrangian multiplier.

Th e combination of inputs K and L yielding the highest possible output for 
fi rm X can be found by taking the partial derivatives of QX

* with respect to KX, 
LX, and λ.

(2.6) ∂ ZX / ∂KX = ∂QX / ∂KX − μ (∂QY / ∂LY ) = 0

(2.7) ∂ ZX / ∂LX = ∂QX / ∂LX − μ (∂QY / ∂LY) = 0

(2.8) ∂ ZX / ∂μ = QY(K0 − KX, L0 − LX) − Q0
Y

Dividing equation (2.6) by equation (2.7) y ields t he condition for ma xi-
mizing the output of fi rm X, given the fi xed output of fi rm Y:

(2.9) (∂ QX / ∂KX ) / (∂QX / ∂LX) = (∂QY / ∂KY) / (∂QY / ∂LY)
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Th is is exactly the same condition for Pareto effi  ciency that we saw in Chap-
ter 1, e xcept now we a re de aling w ith ma rginal products i nstead of ma r-
ginal ut ilities. Th e ratios of t he ma rginal products of inputs K a nd L ( the 
marginal rates of technical substitution) have to be the same for both fi rms 
X and Y. When this condition is fulfi lled, no further trading of the inputs can 
increase the output of one fi rm without decreasing the output of the other.

More on Pr oduction Functions
Th e production function in equation (2.1) is written in what is called a “gen-
eral form.” It merely states that the production of good X depends on some 
amounts of the inputs K and L. In empirical studies of substitution possibili-
ties among inputs, the production function must be given a sp ecifi c mathe-
matical form. Diff erent forms make diff erent assumptions about the nature 
of substitution among inputs, that is, about the nature of production technol-
ogy. For example, a linear production function assumes that output is an ad-
ditive function of the inputs used.

In t he c ase of a l inear production f unction (Figure 2 .3), i nputs a re very 
easily substituted for one another. In fact, good X can be produced using only 
labor or only capital. Th e input substitution possibilities are infi nite.

At the other end of the scale is the Leontief or fi xed proportion production 
function (Figure 2.4), named aἀ er the economist Wassily Leontief, who received 
a Nobel Prize in economics for his pioneering work in input- output analysis. 

K

L

Q = aK = bL  

Figure 2.3. A linear production function
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In this case there are no substitution possibilities among inputs. To produce 
more output, both labor and capital are needed, and they are needed in exact 
proportions. No substitution is possible among inputs.

One of the most widely used functional forms for the production function 
is the Cobb– Douglas production function (Figure 2.5), proposed by Charles 
Cobb and Paul Douglas in 1927 (and apparently it was used even earlier). It 
describes output as a f unction of the inputs capital and labor and a te chno-
logical pa ram e ter “A.” In its simple form, technology is assumed to be exoge-
nous so that a technology advance (an increase in A) will allow more output 
to be produced with given amounts of capital and labor.

Th e shape of the Cobb– Douglas function is a rectangular hyperbola. Th is  
implies that as the amount of one input increases relative to t he amount of 
the other, past a certain point the marginal product of the fi rst input will de-
cline. Th is brings up an important concept in production theory known as 
the elasticity of substitution.

(2.10) σ = Δ(K / L) / (K / L) ÷ Δ(MRTSL for K) / MRTSL for K

Since in competitive equilibrium MRTSL for K = MPL / MPK (see Chapter 4), the 
elasticity of substitution is usually written:

(2.11) σ = % Δ(K / L) ÷ % Δ[(MPL / MPK)]

K

L

Q = min(K,L)

Q

Q́

Figure 2.4. A Leontief or fixed proportions production 
function
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Th e elasticity of substitution is the percent change in the ratio of the inputs 
used, divided by the percent change in the ratio of their marginal products. It 
shows how a cha nge in the relative productivities of two inputs changes the 
relative amount used of those inputs.

When we bring prices into our basic model we will see that, assuming com-
petitive equilibrium in the input market, the ratio of marginal products of the 
inputs will equal the ratio of their prices. So the elasticity of substitution shows 
how easy it is to substitute one input for another as their relative prices (in com-
petitive equilibrium, this is equal to their relative marginal products) change. 
Th e three functional forms above have very diff erent elasticities of substitution, 
refl ecting the assumptions about production technology built into the produc-
tion functions. A linear production function has an almost infi nite elasticity of 
substitution because output can be easily increased by increasing either input 
without using more of the other. In fact it is possible to produce the good using 
only capital or only labor. Th e Leontief function has an elasticity of substitu-
tion of zero  because an increase in both inputs in the same proportions is nec-
essary to increase output. Th e Cobb– Douglas function has an elasticity of sub-
stitution equal to one, meaning that if the marginal product of labor increases 
by 10 percent relative to t he marginal product of capital, then the amount of 
labor used increases by 10 percent relative to the amount of capital used.

It i s w orth g oing i nto a l ittle m ore de tail ab out t he ma thematics o f t he 
Cobb– Douglas function because it i llustrates the power and con ve nience of 

K

L

Q = AKaL1-a

Q

Figure 2.5. A Cobb– Douglass production function
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the production function approach, and a lso the hidden dangers of building 
in assumptions about the nature of the production pro cess based primarily 
on mathematical con ve nience. A typical way to write the Cobb– Douglas pro-
duction function is:

(2.12) Q  = AKa L1−a, 0 < a < 1

In this form, the Cobb– Douglas function exhibits constant returns to scale. If 
capital a nd lab or a re b oth i ncreased by t he s ame p ercentage, output a lso i n-
creases by the percentage. A 10 percent increase in both capital and labor means 
that output will increase by 10 percent. In mathematical jargon, this function is 
linearly homogeneous.

Another property of the Cobb– Douglas function is that the average prod-
ucts of capital and labor (Q / L) and (Q / K) and their marginal products (dQ / dL) 
and (dQ / dK) depend on the ratio in which capital and labor are used (K / L). To 
prove this, we can rewrite equation (2.7) as:

(2.13) Q  = AKa L1−a = A(K / L)aL

Th en the average products of labor and capital are:

(2.14) Q / L = A(K / L)a (L / L) = A(K / L)a

(2.15) Q / K = A(K / L)a(L / K) = A(K / L)a(K / L)−1 = A(K / L)a−1

And the marginal products become:

(2.16) dQ / dL = (1 − a) AKa L1−a−1 = (1 − a)A(K / L)a

(2.17) dQ / dK = AKa−1 L1−a = aA(K / L)a−1 (aA can be written as A, 
because both a and A represent some unknown constant)

Yet another property of the Cobb– Douglas function is that the elasticity of 
substitution is a lways equal to unity. Using equation (2.6), t he elasticity of 
substitution can be written as:

(2.18) σ = d(K / L) / (K / L) ÷ d(MPL / MPK) / (MPL / MPK)

Let s b e t he M RTS b etween c apital a nd lab or, w hich, a s w e l earned, i s 
equal to the ratio of marginal products of K and L. Letting k = K / L and using 
(2.11) and (2.12) gives us:
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(2.19) s  = (1 − a)A(K / L)a / aA(K / L)a−1 = [(1 − a) / a]k

(2.20) ds / dk = [(1 − a) / a]

Rewrite equation (2.13) as:

(2.21) σ = dk / ds ÷ s / k, or

(2.22) σ = [a / 1 − a] [k / (1 − a / a)k] = 1

Th is mathematical property implies that it is easy to substitute one input for 
another in production. A 10 percent increase in the marginal product of capi-
tal relative to the marginal product of labor will result in a 10 percent increase 
in the use of capital relative to the use of labor.

Another property of the Cobb– Douglas function is that the exponents 
of K a nd L r epresent each fac tor’s sha re of total output i f t he fac tors a re 
paid according to their marginal products. To show this we need to invoke 
Euler’s theorem, which relates to a property of a homogeneous function. 
A f unction Y = f(x1, x 2, . . .  xn) i s h omogeneous o f de gree r , i f i t c an b e 
written as:

(2.23) f (cx1, cx2, . . .  cxn) = cr f(x1, x2, . . .  xn)

Homogeneity means that if every term in the function is multiplied by some 
constant c, then the total value of the function will increase by the amount cr, 
where r i s t he de gree o f homogeneity. For e xample, a p roduction f unction 
exhibiting constant returns to scale is homogeneous of degree 1 (r = 1). If all 
inputs a re i ncreased b y, s ay, 10 p ercent, to tal o utput w ill i ncrease b y 10 
percent. F or such a co nstant r eturns to s cale p roduction f unction (r = 1), Q =  
f(K,L), Euler’s theorem implies:

(2.24) K(dQ / dK) + L(dQ / dL) ≡ Q

Th e amount of capital used t imes t he marginal product of capital plus t he 
amount of labor used times the marginal product of labor will exactly equal to-
tal output. Expressed in physical units this means that if this  were a production 
function for corn, and the factors of production  were paid in corn, paying each 
factor according to i ts ma rginal product would exactly exhaust t he output of 
corn during the time period of production. In Chapter 4, when we bring in 
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money and prices, we will see that in a co mpetitive economy in the long run, 
factors of production are paid according to their marginal products. According 
to the results of Euler’s theorem, this means that total output will be exactly used 
up if it is distributed to the factors producing that output according to the condi-
tion: factor price = value of the marginal product. We will return to this idea in 
Chapter 4 when we discuss the characteristics of a competitive economy.

Finally, we can use the results above to show another property of the Cobb– 
Douglas function. Th e exponents a a nd 1 − a are the output shares of capital 
and labor.

For capital we have:

(2.25) K(dQ / dK) / Q = K aA(K / L)a−1 / Q = aKAka−1 / LAka 
= akAka−1 / Aka = a

For labor the proof is:

(2.26) L(dQ / dL) / Q = L(1 − a)A(K / L)a / Q = L(1 − a)Aka / LAka = 1 − a

Th e co n ve nient ma thematical p roperties o f t he C obb– Douglas f unction 
have made it a real work horse for use in statistical economic analysis. Varia-
tions of the Cobb– Douglas production function are still widely used, partic-
ularly in total factor productivity analysis (see the appendix).

Th e history of production function analysis can be seen as a steady relax-
ation o f t he r estrictions o f t he C obb– Douglas f unction. On e ste p to ward 
generality was relaxing the assumption that the coeffi  cients must sum to one. 
A general form of the Cobb– Douglas function is:

(2.27) Q  = AKaLb

In t he general form, a + b is a llowed to t ake on a ny value a nd indicates t he 
degree of homogeneity of the function and the returns to scale of the produc-
tion pr o cess it  re presents. I f a  + b > 1 t his i ndicates i ncreasing r eturns to 
scale— double all inputs and output more than doubles. If a + b < 1 this indi-
cates decreasing returns to s cale. Double a ll t he i nputs a nd output w ill i n-
crease by some factor less than that.

A production f unction t hat became pop u lar i n t he 1960s i s t he CE S, or 
constant elasticity of substitution function:
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(2.28) Q  = γ[δK−ρ + (1 − δ)L−ρ]−1 / ρ where ρ > −1 and ρ ≠ 0

In this equation, δ is a distribution pa ram e ter indicating the relative amounts 
of capital and labor, and ρ is a substitution pa ram e ter determining the value 
of the elasticity of substitution according to σ = 1 / (1 + ρ). Th e CES function is 
more fl exible t han t he C obb– Douglas b ecause t he ela sticity o f subst itution 
(1 / 1 − ρ) is not constrained to take on any par tic u lar value. However, what ever 
value it takes must be the same for any pair of inputs. For example, if we include 
three inputs, capital, labor, a nd energy, t he elasticity of subst itution between 
capital and labor, capital and energy, and energy and labor are all identical.

In the 1970s, a m ore fl exible functional form of the production function 
came i nto fa shion— the t ranscendental l ogarithmic f unction, o r t ranslog 
function. It is what is known as a Taylor’s expansion of the general produc-
tion function Q = f(X1, X2, . . .  Xn). For the two input case we have been con-
sidering, it can be written as:

(2.29) l ogQ = logγ0 + α1logK + β1logL + α2(logK)2 +
β2(logL)2 + γ1logKlogL

Th e diffi  culty with the translog function is that it is very sensitive to the data 
used to estimate it. In time series estimates, small changes in the amounts of 
capital and labor can produce wide variations in the elasticity of substitution 
between inputs.

� assumption alert! Th ings to think about before moving on.

Th e neoclassical theory of p roduction i s a mo del of th e s tatic exchange of a fi xed 
amount of  input s among  fi rms w ith g iven te chniques of p roduction a nd e ach 
fi rm having (implicitly) perfect information about the characteristics of th e in-
puts and the production techniques available.

Th e par tic u lar Pareto- effi  cient outcome depends on th e init ial di stribution of th e 
inputs among the two fi rms. �

So far we have said nothing about prices, wages, or economic rent. No money 
has been involved, just physical relationships among inputs. Surprisingly, we 
will see that although microeconomic theory is sometimes called “price the-
ory,” in the pure Walrasian model money plays no in de pen dent role. As we will 
see later, this has surprising implications for neoclassical macroeconomics.
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Appendix
Separability

It is frequently useful when analyzing a par tic u lar production pro cess to 
separate that pro cess into stages or components. For example, making a bi-
cycle might involve making the chassis, wheels, seat, and pedals and putting 
them all together at the end (Figure 2.6).

In the production function framework, a technology is said to be separable 
if the marginal rate of technical substitution between two inputs in one tech-
nology (making the bicycle wheels, for example) is unaff ected by changes in 
the levels of other inputs.

Final assembly

chassis pedals

seat wheels

Figure 2.6. Separating assembly of a bicycle 
into discrete technologies

Th e Solow Growth Model and Total Factor Productivity
In 1957 R obert S olow de veloped a “ dynamic” v ersion o f t he C obb– Douglas 
function. Solow’s model essentially allocates the growth rates of inputs and out-
puts instead of the absolute amounts of inputs. Solow used the neoclassical 
production function to explore the relationship between the growth of output 
per worker (Q / L) and the growth of the capital labor ratio (K / L). Solow’s work 
helped earn him a Nobel Prize in economics and laid the groundwork for the 
microfoundations project in economics, t hat i s, establishing t he r ules of be-
havior for the macroeconomy based on the microeconomic theory of the fi rm.
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Stated in terms of rates of growth, the Cobb– Douglas function becomes:

(2.30) Q
•

 = A K
•

a L
•

1−a.

A dot (•) over K, L, or Q indicates that variable’s rate of growth (Figure 2.7). 
Equation (2.31) can be used to illustrate the concept of total factor productiv-
ity (TFP).

Total factor productivity (TFP) is written as:

(2.31) A  = Q
•

 − aK
•

 − (1 − a)L
•

Th e weights a a nd (1 − a) are the product shares of capital and labor. As we 
will see later, in competitive equilibrium these are equal to the cost shares of 
K and L. Notice three things about the TFP mea sure:

 1. It is calculated as a residual, that is, the portion of the growth rate in 
output not accounted for by the weighted growth rates of the inputs of 
capital and labor.

 2.  Th e relative importance of the inputs of capital and labor is indicated by 
their output sha res. Th ese a re c alculated ba sed on t he a ssumption of 
linear homogeneity (constant returns to scale).

•
K

•
L

•
Q

Figure 2.7. A production function in terms of growth rates
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 3. TFP is a reformulation of the static model of optimal allocation, using 
input growth rates rather than the absolute amounts of the inputs.

Glossar y
Constant returns to scale— If a ll inputs are increased by the same percent-
age, output will increase by that percentage. Th is is the mathematical prop-
erty of being linearly homogeneous or homogenous of degree 1.

Contract curve for production— Th e locus of all Pareto- effi  cient points in an 
Edgeworth box diagram, each point representing a diff erent initial distribu-
tion of inputs. At each point on the contract curve, the marginal rates of tech-
nical substitution between the two inputs are the same for the two producers.

Diminishing m arginal p roductivity—As m ore a nd m ore o f o ne i nput i s 
used, the amounts of all other inputs held constant, the point will be reached 
where the increase in output from an additional unit of that input begins to 
decline.

Diminishing marginal rate of technical substitution— As the amount of one 
input i ncreases relative to a nother i nput, t he more of t he fi rst i nput a p ro-
ducer is willing to give up in exchange for the second input.

Elasticity of substitution— A mathematical expression indicating the ability 
of a fi rm (with a given technology) to substitute one input for another in pro-
duction.

Euler’s theorem— If a function such as Q = f(K,L) is homogeneous of degree r, 
then we can write: K(dQ / dK) + L(dQ / dL) ≡ rQ

Homogeneous function— A function Y = f(x1, x2, . . .  xn) is homogeneous of 
degree r if it can be written as: f(cx1, cx2, . . .  cxn) = cr f(x1, x2, . . .  xn). Homo-
geneity means that if every term in the function is multiplied by some con-
stant c, then the total value of the function will increase by the amount cr.

Isoquant—A curve showing all the combinations of two inputs yielding the 
same level of output.

Marginal product—Th e additional output obtained from one additional unit 
of a productive input, the amounts of all other inputs held constant.
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Marginal rate of technical substitution—Th e rate at which one input can be 
substituted for another keeping total output constant.

Microfoundations project— Th e use of t he Walrasian t heory of t he fi rm to 
describe the macroeconomy.

Pareto effi  ciency in exchange—In production, a si tuation in which no fur-
ther trading of inputs can increase the output of one good without decreasing 
the output of another good.

Production f unction—Expresses o utput a s a f unction o f t he q uantities o f 
inputs used. In this chapter, we have seen the general form Q = f(K, L). Th re e 
pop u lar forms are the Cobb– Douglas, CES, and translog functions.

Total f actor p roductivity— Th e g rowth r ate i n o utput n ot ac counted f or 
by t he g rowth r ates o f i nputs. I t i s t aken to b e a m ea sure o f te chnological 
change.



Th e major concern of Walrasian economic theory is effi  ciency. In Chapter 1 we 
established t he condition for Pareto effi  ciency w ith respect to co nsumers ex-
changing market goods, namely, that the marginal rates of substitution (MRS) 
for the goods should be the same for both consumers. In Chapter 2 we estab-
lished the condition for Pareto effi  ciency in production, namely, that the mar-
ginal rates of technical substitution (MRTS) for the inputs used in production 
should be the same for the two fi rms. Th e third and fi nal step in our discussion 
of a barter economy is to establish the conditions for effi  ciency in general. How 
can we know that fi rms are effi  ciently producing the array of goods that con-
sumers value most highly? In economic jargon, how do we know the economy 
is in general equilibrium? When an economy is in general equilibrium, the ar-
ray of goods that consumers want (given their preferences) is the same as the 
array that producers can produce (with given technologies).

To establish general equilibrium between producers and consumers (general 
or global Pareto effi  ciency) we need three analytical tools: a utility possibilities 
frontier, a production possibilities frontier, and a social welfare function.

The Utilit y Poss ibilities Fr ontier
As we saw in Chapter 1, employing the criterion of Pareto effi  ciency in exchange 
requires starting with a par tic u lar distribution of the two goods between the 

general equilibrium 
in a barter economy

Exchange is po liti cal economy, it is society itself, for it is impossible 
to conceive of society without exchange or exchange without society.

—Frédéric Bastiat, Economic Harmonies [1850], translated from the French 
by W. Hayden Boyers, edited by George B. de Huszar (Prince ton, NJ: Van 
Nostrand, 1964), xxv

3
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two consumers. Referring to t he consumption s pace d iagram i n Figure 3.1, 
a diff erent initial d istribution of the goods will result in a d iff erent Pareto- 
effi  cient point a long t he contract curve CC ’. A ll t he points on t he contract 
curve are Pareto effi  cient, so how do we determine which distribution of the 
two g oods ma ximizes s ocial w elfare i n o ur si mple t wo- person s ociety? To 
answer this question, we begin by converting the commodity consumption of 
our t wo co nsumers i nto a m ea sure o f t heir r elative u tilities. N otice i n t he 
consumption space diagram in Figure 3.1 that at point 3 consumer A has more 
of both goods X and Y and at point 1 consumer B has more of both goods. At 
point 2 t he g oods a re e venly d istributed. A ssuming t hat co mmodity co n-
sumption is equivalent to utility, we can use this information to construct a 
second diagram showing the relative utilities of A and B at each point on the 
contract curve. Th is is called a utility possibilities frontier. It shows the rela-
tive utilities of A and B for every possible Pareto- effi  cient distribution of the 
two goods.

The Pr oduction P oss ibilities Fr ontier
Th e next t hing we need i s a production p ossibilities f rontier. Th is c an be 
derived f rom t he E dgeworth b ox for production showing t he e xchange of 
inputs b etween fi rms. A long t he co ntract c urve sh owing a ll t he d iff erent 
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Pareto- effi  cient combinations of K a nd L, notice that at point 3 i n the input 
space box in Figure 3.2, most of the capital and labor available in this simple 
economy is used to produce good X. At point 1 most of the two inputs are used 
to produce good Y. Th is information can be transferred to the diagram on the 
right i n Figure 3.2 showing t he production possibilities f rontier (PPF). Th e 
PPF shows the maximum amount of one good that can be produced given the 
amount produced of the other good.

Any point on the production possibilities frontier can be used to generate 
an Edgeworth box for consumption as shown for two points in the diagram 
on the leἀ  i n Figure 3.3. Th e two Edgeworth boxes on the leἀ  in Figure 3.3 
are the same as the ones in Chapter 1 ( fi gures 1.2 and 1.3). Remember that 
one of the starting points for this analysis is that the total amounts of goods 
X and Y are fi xed. All the possible combinations of X and Y are given by the 
points on the production possibilities frontier, and each one of these will gen-
erate a d iff erent Edgeworth box in consumption space and a d iff erent con-
tract curve. Th ese contract curves can be transformed into utility possibility 
curves as shown in Figure 3.3. Using all these utility possibility curves we can 
take one more step— applying the Pareto principle one more time— and con-
struct a grand utility possibilities frontier (GUPF). Th e GUPF is an envelope 

Good X

Good Y
OA

OB

Utility
of A

Utility of B

C

C´

1

2

3 3

2

1

Consumption space Utility possibilities frontier

Figure 3.1. From commodity consumption to utility possibilities
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Capital

Labor
OX

OY

Good X

Good Y

C

1

2

3 3

2

1

Input space Production
possibilities frontier

C´

Figure 3.2. From input allocation to production

Good X

Good Y

Utility of A

Utility of B

PPF GUPF

Figure 3.3. From the production possibilities frontier to the grand utility 
possibilities frontier

curve der ived f rom t he v arious u tility p ossibility c urves such a s t he t wo 
shown in the right- hand diagram in Figure 3.3. If we are on a curve below the 
GUPF (the heavy shaded l ine i n t he r ight- hand d iagram i n Figure 3.3), we 
can increase the utility of either A or B (or both) without decreasing the util-
ity of either one.
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The So ci al Welf ar e Function
Once w e ha ve co nstructed t he g rand u tility p ossibility f rontier, w e ha ve 
reached the limit to applying the Pareto principle. All points on the GUPF are 
Pareto optimal and we have no method or rule to pick one point over an-
other. Any movement a long the GUPF will make one of the consumers, ei-
ther A or B, worse off . To pick the “best” point on the GUPF, that is, to choose 
the “socially optimal” combination of the utilities of consumers A and B, we 
need a social welfare function such as the one depicted in Figure 3.4.

Social welfare f unctions such a s t hose labeled SWF1, SWF2, and SWF3 
show all the combinations of utilities of A and B that are equally acceptable 
from society’s point of view. As is the case with individual utility functions, 
social welfare functions further away from the origin represent higher levels 
of utility. I n Figure 3.4, society’s utility i s ma ximized a p oint 1 w here t he 
social w elfare f unction SW F2 i s t angent to t he g rand u tility p ossibilities 
frontier. Th is is called a constrained bliss point. Moving from point 2 on so-
cial welfare function SWF1 to point 1 on the higher social welfare function 
SWF2 increases society’s total well- being. Point 3 on social welfare function 
SWF3 is unattainable given society’s limited technology and resources.

Th e unspecifi ed neoclassical (or “Bergsonian,” aἀ er economist Abram Berg-
son) social welfare function is the weighted sum of individual welfares:

(3.1) W = Σ k(i)U(i)

Th e weights k(i) are unspecifi ed, but neoclassical economists point out that 
any specifi cation of the function will make neoclassical welfare theory a com-
plete theory of social choice.

Th ere are many possibilities and diffi  culties in constructing a s ocial wel-
fare function. Th e basic question is, how should society “choose” among the 
many possible Pareto- effi  cient distributions of income? We look at two pos-
sibilities  here just for purposes of illustration. One possibility is just to accept 
the existing distribution of income, what ever it is, as “fair.” Th is is essentially 
the position of Robert Nozick’s contractarian approach (see his book Anar-
chy, State , and U topia, 1974), which argues society has a s et of rules for ac-
quiring wealth. People who are wealthy have gained their wealth by following 
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these r ules, a nd taking money away f rom t hem a nd g iving it to t hose who 
have not followed the rules (the poor, for example) represents an unfair tak-
ing of property— a breach of the social contract.

John Rawls, in his book A Th eory of Justice (1971), takes a much diff erent 
approach. He conducts a t hought experiment a nd asks t he question, i f you 
had a choice of being placed in one of many diff erent societies, each with a dif-
ferent income distribution, from very equal to very unequal, and you did not 
know ahead of time what your income would be, what sort of income distri-
bution would you choose? Consider, for example, the points on the contract 
curve in Figure 3.1. If you did not know ahead of time whether your position 
in this society would be consumer A or consumer B, which point would you 
choose? Point 1 where consumer B has most of the two goods, point 3 where 
consumer A has most of the two goods, or point 2 where the goods are about 
evenly distributed? Both from a sense of fairness and a tendency toward loss 
aversion, most people would pick point 2.

Th ere exists a vast literature on social welfare functions (and on the work 
Nozick and Rawls), and these simple examples are only an introduction to the 
complexity of the issue of social justice. But before we leave the issue, we need 

Utility of A

Utility of B

SWF1

SWF2

SWF3

1

2

3

Figure 3.4. Social welfare functions
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to mention t he Arrow i mpossibility t heorem. B asically, A rrow’s t heorem 
shows that there is no way to convert the rankings of individual preferences 
into a s ocial (community- wide) ranking, g iven a f ew ba sic a nd reasonable 
assumptions. Th ese include non- dictatorship, universality, and in de pen dence 
of irrelevant alternatives. Once again, a vast literature examines and extends 
Arrow’s t heorem. Th e p roblem r aised b y A rrow’s t heorem, l ike s o ma ny 
other d iffi  culties i n t he Walrasian s ystem, a rises f rom t he a ssumption o f 
atomistic agents, that is, the “voters” (or co ali tions of voters) must act in de-
pen dently of other voters. A rrow’s pa radox i s d iscussed i n more detail i n 
Chapter 6.

The Thir d Condition for P a r et o Efficiency  
in Exch ange
To establish the fi nal condition for Pareto effi  ciency in a pure exchange econ-
omy, we need to st art w ith a p oint on t he production p ossibilities f rontier 
(Figure 3.2). Th is point indicates the total amounts of goods X and Y that our 
simple e conomy c an produce g iven i ts te chnology a nd available resources. 
Each point corresponds to an Edgeworth box diagram showing all the Pareto-
 effi  cient d istributions of t hose goods X a nd Y b etween t he t wo consumers 
(the contract curve).

Th e slope of the production possibilities frontier gives the rate of product 
transformation (RPT), that is, the rate at which the output of one good can 
be reduced thereby freeing up resources that can be used to increase the out-
put of the other good. For example if the slope of the PPF is 1, this indicates 
that we can give up one unit of good X and produce one more unit of good Y. 
It shows the rate at which our economy is able to switch production for one 
good to t he other, g iven t he available resources a nd te chnology. Now con-
sider t he points on t he contract curve for exchange (in t he Edgeworth box 
within the PPF) in Figure 3.5. All these points correspond to points of tan-
gency of the indiff erence cures for the two consumers, that is, points where 
the marginal rates of substitution (MRS) for the two goods are the same for 
both consumers. In other words, these points show the rate at which our sim-
ple society is willing to substitute one good for another, given the preferences 
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of our two consumers. Th is leads to the third Pareto condition for effi  ciency. 
Th e rate at which society is able to substitute one good for another in produc-
tion must be equal to t he rate at which consumers are willing to subst itute 
one good for another in consumption.

(3.2) M RSY for X = RPTY for X

Th e best way to convince yourself that this is true is to consider a situation in 
which this is not the case. Assume that the RPTY for X is equal to two; for ex-
ample, our society can produce two more apples by giving up the production 
of one orange. Assume further that the marginal rate of substitution is equal 
to one. Th at is, consumers are willing to give up one orange for one apple. If 
this is the case, then our economy can give up the production of one orange, 
use t he f reed up resources to p roduce t wo apples, a nd t hereby ma ke con-
sumers happier. Th ey are “better off ” by one apple. As long as the RPT ≠ MRS 
there are effi  ciency gains to be obtained by changing the mix of the produc-
tion of goods X and Y.

Good X

Good Y

Slope of PPF = RPT

Slopes of indifference
curves
 = MRSY for X

Figure 3.5. General equilibrium in a pure exchange economy
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Given a ll t he a ssumptions about t he nature of preferences, t he subst itut-
ability of inputs, the complete assignment of property rights, the unrestricted 
availability of information, and so on, we end up with the following situation.

 1. Consumers are maximizing their well- being by getting the most desir-
able a rray o f g oods p ossible, g iven t heir st able p references a nd t heir 
initial endowments of these goods.

 2. Producers a re ma ximizing t he o utput o f t he g oods t hey p roduce, 
given the state of technology and their initial endowment of productive 
inputs.

 3. For any par tic u lar output of X a nd Y, this system will ensure not only 
that these goods are produced in the most effi  cient manner possible but 
also t hat t he d istribution o f t he goods b etween t he consumers i s t he 
most effi  cient possible.

To summarize the conditions for Pareto effi  ciency we have established:

Pareto Condition I: In consumption, the marginal rates of substitution be-
tween the two goods are the same for the two consumers.

MRS
A
Y for X = MRS

B
Y for X

Pareto C ondition I I: I n p roduction, t he ma rginal r ates o f te chnical 
 substitution b etween t he t wo i nputs g oods a re t he s ame f or b oth 
producers.

MRTS
X
L for K = MRTS

Y
L for K

Pareto Condition III.  Th e third and fi nal condition for Pareto e ffi  ciency in a 
barter economy i s that the rate at whi ch the economy can s top producing one 
good in order to produce more of the other good, the rate of product transforma-
tion (RPT), is equal to th e rate at whi ch consumers are willing to give up con-
sumption of one good in order to consume more of the other good, the marginal 
rate of substitution (MRS). When this condition is fulfi lled the economy is in a 
state of general equilibrium.
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Pareto Condition III: General Pareto effi  ciency occurs when the rate at which 
consumers are willing to substitute one good for another in consumption 
is the same as the rate at which producers can switch from making one 
good to making another in production.

MRS          = RPTY for X

� assumption alert! Th e conditions for establishing general equilibrium:

 1. Th e economy i s operating on th e contract curve for the exchange of go ods. No 
person’s utility can be increased without reducing the utility of at least one other 
person. All the assumptions of Homo economicus hold.

 2. Th e economy is operating on the contract curve for the exchange of inputs. Th e 
production of one good cannot be increased without decreasing the output of at 
least one other good. All the assumptions of perfect competition hold.

 3. Th e economy is operating on the production possibilities frontier. Resources and 
technology are being employed in the most effi  c ient way possible. �

A Potenti al P a r et o Impr ovement
Before we move from our simple face- to- face barter economy to one that is 
based o n p rice sig nals, we n eed o ne m ore co ncept. Th is i s t he n otion o f a 
 potential Pareto improvement, or PPI, fi rst proposed in de pen dently by John 
Hicks and Nicholas Kaldor in 1939. It is sometimes called the Kaldor– Hicks 
criterion or the compensation principle. A severe limitation of the strict Pa-
reto criterion is its restricted policy applicability. Almost any action aff ecting 
the economy will benefi t some people and harm others.

Suppose we are in a si tuation such a s point 1 i n Figure 3.6. Th is is a Pareto 
inferior situation, because we can move to a ny point in t he hatched area a nd 
make both consumers better off . Th e thick line on the contract curve within the 
hatched area is called the core of an exchange economy. We can also say that a 
movement to any point in the dotted areas will make both consumers worse off . 
But what about a movement to a point such as point 2? Th is is a movement from 
a Pa reto i nferior to a Pa reto- effi  cient point, but a m ovement f rom point 1 to  
point 2 w ill make consumer A worse off  and is not permitted under the strict 
Pareto criterion.

X for Y

A=B 
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Th e Kaldor– Hicks criterion permits such a move if the total change in utility 
is positive. Kaldor’s version is that such a change should be made if the winner 
can compensate the loser and still be better off . Hicks’s version is that a change 
should be made i f the loser cannot bribe the winner not to ma ke the change 
(and still be better off ). According to Kaldor, whether or not the loser is actually 
compensated is irrelevant. Economists should be concerned with effi  c iency, not 
distribution. It is up to politicians to decide whether or not an outcome is fair.

Th e notion of a potential Pareto improvement revolutionized economics in 
two important ways. First of all, it legitimized the focus of economic analysis 
and economic policy on effi  ciency. Second, it paved the way for economists to 
focus on increasing per capita income as the major goal of economic policy. 
Identifi cation of potential Pareto improvements, that is, effi  ciency gains, is the 
major t ask o f cost - benefi t a nalysis, o ne o f t he p rincipal to ols o f e conomic 
analysis.

Th is completes our discussion of general equilibrium (Pareto effi  ciency or 
Pareto optimality) in a pure barter economy. Again, this model is the heart 
and soul of contemporary Walrasian economics. As the next chapter shows, 
the model of perfect competition adds prices and markets to t he barter sys-
tem but ends up with exactly the same conditions for economic effi  ciency. Th is  
model o f a p ure e xchange e conomy i s t he ideal to w hich most e conomists 

12

C

C′

OA

OB

Good X

Good Y

Figure 3.6. A potential Pareto improvement



 general equilibr ium in a ba r ter economy 53

consciously o r u nconsciously r efer w hen ma king p olicy r ecommendations 
about actual economies.

Appendix
Th e Existence of Equilibrium

Th e intellectual power of the Walrasian system lies in the fact that, given all the 
assumptions about consumer and producer behavior and technology, we can 
fi nd a unique effi  cient level and mix of output. Th at is, we can fi nd a point where 
a given set of preferences and a given set of production possibilities meet.

As economics became more and more mathematical in the middle of the 
twentieth century, more attention was given to the mathematical properties 
of the equations describing market economies. A lot of attention was given 
to proving that, given the mathematical assumptions of the Walrasian sys-
tem, i t i s mathematically possible to e stablish a n equilibrium point where 
the set of commodities produced exactly duplicated the set of commodities 
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that consumers wanted. In par tic u lar, a branch of mathematics called topol-
ogy c an e stablish t he conditions u nder w hich t he s et o f consumer prefer-
ences and the set of producer possibilities meet at a unique point as shown in 
the diagram above. Th ese are called fi xed- point theorems. One basic proof 
is Brouwer’s fi xed- point theorem, which, stated formally, demonstrates that 
a continuous mapping of a closed, bounded convex set onto itself has a least 
one fi xed point. Formally, t here exists a p oint such t hat f (x) = x. Brouwer’s 
proof was used to show that under the assumptions of the model of perfect 
competition, where utility a nd production f unctions a re smooth a nd con-
tinuous, a t l east one e quilibrium p oint e xists w here t he s et o f production 
possibilities are the same as the set of consumption possibilities.

In Figure 3.7 t he d iagonal represents a ll t he points where x = x, a nd t he 
dotted line represents some mapping (transformation) of x, denoted by f(x). 
In the diagram there is no way to draw a continuous line from the leἀ  verti-
cal axis to the right vertical axis of the diagram without crossing the diago-
nal. When the dotted line crosses the diagonal, f(x) = x, and this proves that 
in the mathematical repre sen ta tion of the economy, there is at least one point 
where a g eneral e quilibrium s olution e xists. On e p roblem w ith B rouwer’s 
theorem i s t hat o ther s ystems e xist t hat do n ot s atisfy t he co nditions o f 
 perfect co mpetition b ut t hat a lso ha ve e quilibrium p oints. M ore g eneral 

X

F(X)

Figure 3.7. Brouwer’s fixed- point theorem
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 versions o f B rouwer’s t heorem a re t he K akutani, S chauder, a nd L efschetz 
fi xed- point theorems.

Glossar y
Arrow impossibility t heorem—Given t he requirements of non- imposition, 
non- dictatorship, Pa reto effi  ciency, a nd in de pen dence of i rrelevant a lterna-
tives, no voting system can convert individual preferences into a society- wide 
ranking.

Core—In the Edgeworth box diagram, the core is the segment of the contract 
curve that contains all the reachable Pareto- effi  cient outcomes given the ini-
tial endowment.

Fixed- point theorems—Mathematical theorems used by economists to ensure 
the theoretical existence of a point of general equilibrium.

General eq uilibrium—A si tuation i n w hich co nsumers a re ma ximizing 
their utility g iven t heir i nitial endowment of goods, producers a re ma xi-
mizing output given their initial endowment of productive inputs, and pro-
ducers are producing t he most desirable mix of goods based on consumer 
preferences.

Grand u tility p ossibilities f rontier—A g raph o r c urve sh owing t he ma xi-
mum possible utility of one person given the utility of the other person. It is 
an en velop c urve der ived f rom a ll t he u tility p ossibilities f rontier c urves 
 associated with every possible contract curve for consumption.

Potential Pareto improvement—A gain in total utility that makes at least one 
person worse off . S ometimes i t i s c alled t he compensation principle or t he 
Kaldor– Hicks criterion.

Production possibilities frontier—A graph or curve showing the maximum 
possible production of one good g iven t he production of t he other good. It 
shows a ll t he Pareto- effi  cient combinations of goods t hat can be produced, 
given society’s endowment of resources and technology.

Rate of product transformation—Th e rate at which an economy can switch 
from producing one to good to another. It is equal to the slope of the produc-
tion possibilities frontier.



56  the w alra sian sy stem

Social welfare function—A graph or curve showing the all the possible com-
binations of individual utilities where social welfare is the same. Th e social 
welfare function is based on given preferences, technology and resource en-
dowment, plus some specifi c ethical assumption about the fair distribution of 
goods among consumers.

Utility possibilities frontier—A graph or curve showing the maximum pos-
sible utility of one consumer given the utility of the other consumer. It shows 
all the possible Pareto- effi  cient combinations of utilities, given the preferences 
of each consumer.
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Th e Walrasian repre sen ta tion of a barter economy presented in chapters 1– 3 
is t he core of contemporary microeconomic t heory. Interestingly, a lthough 
microeconomics is sometimes called “price theory,” prices play no in de pen-
dent role i n t he basic Walrasian system. In a “ frictionless” economy popu-
lated b y i n de pen dent co nsumers a nd p roducers w ith p erfect i nformation 
about prices, the results of free exchange will exactly duplicate the outcome 
obtained in a face- to- face barter system. Th e price of each good contains all 
the i nformation n ecessary to co mpare i ts de sirability to t he de sirability o f 
every other good. In such an economy the “invisible hand” of the market will 
ensure the most effi  cient allocation of society’s scarce resources.

introducing prices

Perfect Competition and 

Pareto Effi  ciency

As every individual, therefore, endeavours as much as he can both 
to employ his capital in the support of domestick industry, and so 
to direct that industry that its produce may be of the greatest value; 
every individual necessarily labours to render the annual revenue of 
the society as great as he can. He generally, indeed, neither intends 
to promote the publick interest, nor knows how much he is 
promoting it. By preferring the support of domestick to that of 
foreign industry, he intends only his own security; and by directing 
that industry in such a manner as its produce may be of the greatest 
value, he intends only his own gain, and he is in this, as in many 
other cases, led by an invisible hand to promote an end which was 
no part of his intention.

—Adam Smith, An Inquiry into the Nature and Causes of the Wealth of 
Nations [1776], edited by R. H. Campbell and A. S. Skinner (New York: 
Liberty Press, 1981, IV.ii), 456

4
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Step One: Ma ximizing U tilit y Subject  
t o a Bud ge t Constraint
Let us begin by adding prices to the consumer choice model in Chapter 1. Let 
us give the consumer a bud get (call it M for “money”) to spend and an array 
of goods (with prices) to choose from. How does a consumer allocate his or 
her income among various consumer goods so as to maximize the utility the 
consumer receives from these goods?

Given a bud get M and the prices of goods X (Px) and Y (PY), how does a con-
sumer decide how much of each good to buy? As shown in Figure 4.1, this 
consumer’s utility is maximized at point 1 where the indiff erence curve I2 
is just tangent to the bud get line showing all the possible combinations of the 
goods X and Y the consumer could buy given the consumer’s income the rela-
tive prices of the goods. At point 1, the consumer buys ten units of each good. 
Given the bud get line, the consumer could have chosen point 2 but can increase 
his or her utility by moving to point 1 instead (on the higher indiff erence curve 
I2). Any point on the higher indiff erence curve I3 would be preferred to point 1, 
but those choices are unavailable given the bud get constraint.

Chapter 1 sh owed that the slope of the indiff erence curve is equal to t he 
marginal rate of substitution (MRSY for X), which is equal to t he ratio of the 
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marginal utilities of the two goods. Th e equation for the bud get constraint is 
M = PXX + PYY. Rearranging terms to express the bud get in terms of goods 
X and Y yields:

(4.1) X = M / PX − (PY / PX)Y

Th e intercept M / PX shows how many units of good X could be purchased if the 
consumer spent his or her entire bud get on good X. Equation (4.1) shows that 
the slope of the bud get line is equal to the price ratio of the two goods:

(4.2) dX / dY = − PY / PX

So the condition for utility maximization, that the indiff erence curve is just 
tangent to the bud get line, is:

(4.3) P Y / PX = MRSY for X = MUY / MUX

We c an obtain t his result u sing t he mathematics of constrained optimiza-
tion. Th e Lagrangian equation (see the appendix at the end of this chapter) 
for maximizing utility subject to a bud get constraint is:

(4.4) Z = U(X, Y) − λ(PXX + PYY − M)

Good X

Good Y

I1

I2

I3

M/PX

M/PY

1

2

310

10

Figure 4.1. Maximizing utility subject to a bud get constraint
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Taking t he pa rtial der ivatives o f t his e quation a nd s etting t hem to z ero 
yields:

(4.5) ∂Z / ∂X = ∂U / ∂X − λPX = 0

(4.6) ∂Z / ∂Y = ∂U / ∂Y − λPY = 0

(4.7) ∂Z / ∂λ = M − PXX − PYY = 0

Moving the second term in the fi rst two equations to the right- hand side and 
dividing the fi rst equation by the second gives us the fi rst- order condition 
for maximizing utility subject to a bud get constraint:

(4.8) (∂U / ∂X) / (∂U / ∂Y) = PX / PY

As demonstrated in Figure 4.1, the ratio of marginal utilities of the two goods 
must equal their price ratio. To ensure that this condition maximizes utility 
(rather than minimizing it) we need the second- order condition:

(4.9) d 2U / dX2 = ∂2U / ∂X2 + 2 (∂2U / ∂X∂δY)(−PX / PY) 
+ (∂2U / ∂Y2) P2

X < 0

It can also be shown that in equilibrium λ = (∂U / ∂X) / PX = (∂U / ∂Y) / PY, that 
is, the Lagrangian multiplier equals the marginal utility of each good divided 
by its price. Th is means that, when the consumer is maximizing utility subject 
to a bud get constraint, the consumer gets the same utility from a dollar spent 
on each good. So λ can be interpreted as the marginal utility of money.

Step T wo: Inpu ts, Ou tpu t , and Mar gin al Cost
Let us now turn to the production side and reexamine the production pos-
sibilities frontier by adding the costs of production to our model. We saw 
in Chapter 3 that the slope of the production possibilities frontier indicates 
the rate of product transformation, that is, the rate at which the resources 
used in the production of one good can be shiἀ ed to the production of an-
other good while maintaining the greatest output effi  ciency possible. In our 
simple model if we produce one fewer unit of good X, then this frees up capi-
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tal a nd labor t hat c an be u sed to p roduce good Y. For si mplicity, a ssume 
that labor is the only productive input. Suppose that producing one more unit 
of good Y r equires t wo u nits of labor a nd t hat producing one more u nit of 
good X requires one unit of labor. So the marginal cost of producing Y is two 
and the marginal cost of X is one. As depicted in Figure 4.2, the ratio of mar-
ginal costs MCY / MCX (two in this example) is also the rate of product trans-
formation of X into Y. If we give up one unit of Y this frees up enough re-
sources (two units of labor in our simple example) to produce two units of X.

(4.10) R PTY for X = MCY / MCX

Step Thr ee: Per fect Co mpetition
Th e last piece of economic theory we need is the centerpiece of neoclassical 
microeconomics, the model of “pure” or “perfect” competition. Th e model of 
perfect competition is based on the following assumptions:

� assumption alert! Assumptions of the model of perfect competition:

 1. Th ere exist very large numbers of buyers and sellers. No single buyer or seller can 
infl uence the price of any good or the actions of other buyers and sellers.

Good Y

Good X
RPTY for X = dX/dY= MCY/MCX

Figure 4.2. Marginal costs and the production possibilities frontier
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 2. Th ere exists perfect information, available to all, about the characteristics of all 
goods and productive inputs. Th e price of a go od contains a ll the information 
necessary to judge its utility to any consumer.

 3. Th ere are no ba rriers to fi rms entering any market. Productive inputs are per-
fectly mobile so that they can migrate to their most productive use.

 4. Al l fi rms within a par tic u lar industry are exactly identical. Within a par tic u lar 
industry, there is no reason for consumers to buy one good rather than another 
except on the basis of price. �

Two c ritical a ssumptions of t he model of p erfect competition a re r arely 
emphasized in economic textbooks: (1) prices carry all the information needed 
to assign goods and inputs to their most effi  cient uses and (2) there is no in-
teraction a mong fi rms, t hat i s, t here i s no real competition. Under t he a s-
sumptions of perfect competition, the prices and quantities produced of each 
good are set by the forces of supply and demand in a par tic u lar industry (wid-
gets, basketballs, or what ever) and those prices are taken by all fi rms in that 
industry. As depicted in Figure 4.3, the supply curve for the industry is up-
ward sloping. Th is is because a h igher price encourages more fi rms to enter 
the industry and thus increases the total output of the industry. Th e is some-
times called the law of supply, that is, price and quantity supplied or directly 
related, or dQs / dP > 0. Th e demand curve is downward sloping for two rea-
sons: (1) as the price of good increases, consumers switch to o ther products 

Quantity produced

Price

Demand

Supply

The industry The firm

Quantity produced

Demand

Figure 4.3. Industries and firms in a competitive market
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and (2) as prices increase, a co nsumer’s real income decreases and the con-
sumer purchases less of the good (if the good is a “normal” good, see the dis-
cussion of the income and substitution eff ects in the next chapter). Th e law of 
demand st ates t hat t he p rice a nd t he q uantity su pplied o f a g ood a re i n-
versely related, or dQd / dP < 0.

In a perfectly competitive market, the fi rm is a price taker, that is, the price 
of the good is outside the control of the fi rm. Th ere is no incentive for a fi rm to 
change its price. If it  were to raise its price, given the assumptions of the model, 
its sales would fall to zero because consumers could buy an identical good from 
another fi rm at a l ower price. Th ere is no reason for a fi rm to l ower its price 
because it can sell all it produces at the prevailing market price. In economic 
jargon, the demand curve for a competitive fi rm is perfectly elastic.

Th e properties of this model are discussed in countless textbooks and they 
will not be repeated in detail  here. To continue our discussion of Pareto opti-
mality and competition, the main result of this model is that in long- run com-
petitive equilibrium the marginal cost of producing a good is exactly equal to 
the marginal revenue gained from selling it. Th is occurs at point e in Figure 
4.4. Anywhere to the right of point e, the costs of producing one more unit of 
the good are higher than the revenue obtained from selling it. Anywhere to 
the leἀ  of point e, the cost of producing one more unit is less than the revenue 
obtained from selling. So if the fi rm i s p roducing a ny o utput n ot e xactly 
equal to the equilibrium quantity Qe, then there is an incentive for the fi rm to 
change its output and move to that point.

Firms i n l ong- run co mpetitive e quilibrium do n ot ma ke a n economic 
profi t, defi ned as any profi t over and above the average rate of profi t prevail-
ing in the economy. All fi rms make the same accounting profi t, which does 
not i nclude t he opportunity c ost of producing in the next most profi table 
industry. For example, if a fi rm makes an accounting profi t of 10 percent and 
the average rate of profi t is 9 percent, then that fi rm is making an economic 
profi t of 1 percent (accounting profi t minus opportunity cost). A fi rm earning 
8 percent would have an economic loss of 1 percent. It could be making more 
money by moving to another industry.

Another important property of the competitive model is that the fi rm is 
producing at the minimum point on the long- run average cost (LRAC) curve. 
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Th at is, the fi rm is producing the product at the lowest possible cost , g iven 
society’s r esources a nd te chnology. Giv en t he a ssumptions o f t he m odel, 
 every fi rm in a pa r tic u lar market must be using the most effi  cient produc-
tion technique possible or it will be driven out of business by other more ef-
fi cient fi rms t hat can produce t he same good at a l ower cost a nd sell it for a  
lower price. At the minimum point on the long- run average cost curve, that 
curve i s just t angent to t he (horizontal) dema nd curve. I f t he LRAC curve 
 were above the demand curve, the fi rm would be operating at a loss because 
the unit cost of producing the good would be higher than the price received 
for the good. Firms would leave the industry and the price of the good would 
rise until the LRAC was just tangent to the demand curve. If the LRAC curve 
 were below the demand curve, the fi rm would be operating at a profi t because 
the unit cost of producing the good would be lower than the price received for 
the good. In t his case fi rms would enter t he industry, t hereby lowering t he 
market price of the good until the demand curve for the fi rm becomes just 
tangent to the LRAC curve.

So u nder t he a ssumptions o f p erfect co mpetition, ma rket f orces ensu re 
that (1) the fi rm is operating as effi  ciently as possible, and (2) the price of the 
good is exactly equal to the marginal cost of producing it.

(4.11) M C = P under the assumptions of perfect competition.

Price

Quantity

D = MR

LRAC

MC

Qe

e

Figure 4.4. Long- run competitive equilibrium
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Pr o of of the P a r et o Efficiency  
of P er fect Co mpetition
Recall from Chapter 3 that the basic condition for Pareto optimality in a bar-
ter economy is that the (common) marginal rates of substitution between the 
two goods for the two consumers is equal to the rate of product transforma-
tion of the two goods, or

(3.2) M RSY for X = RPTY for X

Next, we saw above that

(4.3) P Y / PX = MUY / MUX = MRSY for X

and

(4.10) R PTY for X = MCY / MCX

Combining t hese equations g ives us t he proof t hat Pareto effi  ciency occurs 
when:

(4.12) P Y / PX = MCY / MCX

Th is is the defi ning property of a perfectly competitive economy. Th is  result 
is called the First Fundamental Th eorem of Welfare Economics.

Th e First Fundamental Th eorem of Welfare Economics

Given the assumptions of the model of perfect competition, and if all consum-
ers a nd fi rms a re s elfi sh p rice t akers, a c ompetitive e conomy mu st b e P areto 
effi  cient.

The Fa ct or Mar ke t
To complete our d iscussion of competitive equilibrium we should mention 
the factor market, t hat i s, t he dema nd a nd supply of fac tors of production. 
Using labor as an example, Figure 4.5 illustrates factor demand in a competi-
tive market. Th e wage rate is set by the forces of supply and demand in the 
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labor market for the industry and that wage rate is given for the fi rm. Th e fi rm 
is such a small portion of the industry that it can hire or fi re as many workers 
as it wants to without aff ecting the wage rate. Th e demand curve for labor for 
a fi rm in a competitive labor market is a horizontal line. In economic jargon, 
the demand for labor is perfectly elastic.

To determine how much of an input a fi rm will employ, we need two more 
pieces of information. Th e dema nd f or a fac tor o f p roduction i s a derived 
demand. It depends not only on t he effi  ciency of the input in producing 
the good in question, but it also depends on the value of the good being pro-
duced. S o we need to k now t he price o f t he good b eing produced a nd t he 
marginal physical product (MPP) of labor (or what ever fac tor input we are 
considering). If the marginal physical product of an additional worker is two 
widgets, and the price of a widget is $5, then the value of the marginal prod-
uct (VMP) of an additional worker is $10 and t hat is t he equilibrium wage 
rate. Under conditions of perfect competition in the goods market the price 
of widgets would be constant at $5. Th e marginal physical product is declin-
ing because of the law of diminishing returns. As more and more units of 
labor are applied to t he other fi xed inputs, the MPP will eventually decline. 
So the VMP curve is downward sloping. In equilibrium, we have

(4.13) V MP = Pgood X MPPfactor

In equilibrium, the wage is equal to the value of the marginal product. As shown 
in Figure 4.6, this determines the equilibrium number of workers employed, 

Quantity of labor

Wage

Demand

Supply

The industry The firm

Quantity of labor

DemandWage

Figure 4.5. Factor demand in a competitive market
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 here labeled Le. Another “law” of factor demand is that, in a competitive fac-
tor market, the ratio of the factor prices should equal the ratio of factor mar-
ginal products.

Th is is i llustrated in Figure 4.7 with the two factors capital and labor. In 
this case, output is maximized at the point where the isoquant is just tangent 
to t he isocost curve (C = PKK + PLL). As we saw in Chapter 2 , equation (2.4), 

VMP, wage

Number of workers

D = wage

VMP = Pgood X MPPL

wage

Le

e

Figure 4.6. The value of the marginal product rule
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310
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Figure 4.7. Maximizing output subject to a cost constraint
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the slope of the isoquant, dK / dL, is equal to t he ratio of marginal products 
MPL / MPK. Th e equation for the isocost curve is K = C / PK − (PL / PK)L and its 
slope dK / dL is −PL / PK. So ma ximizing output g iven factor cost co nstraint 
occurs when

(4.14) P L / PK = MPL / MPK, or

(4.15) MPK / PK = MPL / PL

By convention the wage rate PL is usually denoted by w, and the price of capi-
tal, PK, is usually denoted by r (the rental price of capital).

Prices and the Model of a Barter Economy

According to Walrasian theory, given the same initial conditions, a perfectly com-
petitive economy will achieve the same Pareto effi  cient outcome as would hap-
pen in a fa ce- to- face barter economy. Th is system places an extraordinary bur-
den on prices to contain all the necessary information about goods and factors 
of production. A Pareto effi  cient outcome also depends critically on the ability of 
consumers and producers to r espond rationally and consistently to th ese price 
signals.

The Cl ar k– Wicksteed P r oduct Exh austion Theor em
In C hapter 2 w e s aw t hat u nder competitive conditions i n t he long r un, 
factors of production are paid according to their marginal physical products. 
According to the results of Euler’s theorem, equation (2.23), this means that 
the total output produced is exactly used up if it is distributed to the factors 
producing that output according to t he condition: factor reward = marginal 
product. Th is is a steady- state system. If the economy is producing only corn, 
and if the factors of production are paid in corn, then at the end of the pro-
duction period the amount of corn produced will be exactly used up in factor 
payments.

When we add p rices to o ur m odel t his m eans t hat t he fac tor price w ill 
equal the value of the marginal product. But this is true only if this economy 
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is characterized by constant returns to scale. Th is condition holds under the 
assumptions o f p erfect co mpetition, a s c an b e s een i n F igure 4 .4 sh owing 
long- run competitive equilibrium. As shown in the fi gure, a competitive fi rm 
will operate at the minimum point on the long- run average cost curve. To the 
leἀ  of this point the economy is characterized by increasing returns to scale 
(decreasing u nit cost s), a nd to t he r ight of t his p oint i t i s cha racterized by 
decreasing returns to scale (increasing costs). So when the economy is in long-
 run competitive equilibrium it is characterized by constant returns to scale, 
and there is no “adding- up” problem. If factors are paid according to the value 
of their marginal products, then the value of total output is exactly equal to 
the value of the contributions of the factors of production. Th is is known as 
the C lark– Wicksteed p roduct e xhaustion t heorem, na med f or i ts f ormula-
tors, J. B. Clark and Phillip Wicksteed, in the 1890s.

Walra sian Econo mics in P r a ctice
It is easy to see why the Walrasian system has held sway for so long. It is noth-
ing less than a complete and logically consistent (if one accepts all the under-
lying assumptions) repre sen ta tion of Adam Smith’s invisible hand. Th e math-
ematical form of t he s ystem lends i tself to e asy st atistical te sts o f d iff erent 
questions about the substitutability of goods and inputs, the effi  ciency of par-
tic u lar markets, and the rate of technological change. But the validity of ap-
plying t he Walrasian model depends on critical assumptions about human 
nature, the physical repre sen ta tion of technology, and the characteristics of 
par tic u lar markets. And contrary to the widely held opinion that all models 
contain assumptions and therefore the realism of assumptions is irrelevant, 
these assumptions do ma tter. Th e question is whether or not the models of 
Homo economicus and perfect competition can be used to make accurate pre-
dictions about real- world market behavior. Th is is examined in Part Two of 
this book.

Economists a re quick to p oint out t hat t he fi eld is cha nging rapidly a nd 
that much theoretical work being done today does not accept the basic prem-
ises of the Walrasian competitive model. Th is is true. But the basic tools widely 
used b y e conomists i mplicitly i ncorporate t he a ssumptions o f t hat m odel. 
Th e Walrasian model is still the backbone of contemporary economics. Th e 
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major tools of economic analysis are derived from the Walrasian model and the 
equilibrium conditions associated with it. To help understand how the model 
works in practice, it is useful at this point to consider some specifi c applica-
tions.  Here are some examples.

Price and Income Elasticities
Consumer dema nd for a g ood i n t he Walrasian model i s a f unction of t he 
prices of available goods and the consumer’s income (M = bud get). Consider 
the demand for good X in the two- good economy:

(4.16) Q X = f(PX, PY, M)

Assume t here i s n o money i llusion, t hat i s, a p roportionate cha nge i n a ll 
prices and income will have no eff ect on the quantities of X and Y purchased. 
Th is is  called homogeneity o f degree z ero. In the consumer demand system 
described above, all the relevant relationships are in terms of ratios. In Figure 
4.1 the intercepts of the bud get line are M / PX and M / PY, and the common 
slope of the bud get line and isoquant is PY / PX. Multiplying all three terms by 
some constant does not aff ect their values.

� assumption alert! Money and the Barter Economy

Two a ssumptions have the eff ect of e nsuring that a c ompetitive money economy will 
operate in the same fashion as the barter model developed in the fi rst three chapters:

 1. All relevant information about a good or an input can be captured by its price.

 2. Th ere is no money illusion. A 10 percent increase in the supply of money will re-
sult in a 10 percent increase in all prices. Relative prices are insensitive to changes 
in the amount of money in circulation. �

By Euler’s theorem, homogeneity of degree zero implies:

(4.17) ( ΔQX / ΔPX) PX + (ΔQX / ΔPY) PY + (ΔQX  / ΔM) M ≡ 0

Dividing all the terms on the leἀ - hand side of equation (4.16) by QX gives the 
own- price elasticity (E XX), the cross- price elasticity (E XY), and the income 
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elasticity (EXM). It also reveals the relationship (given the negativity of own- 
price elasticity):

(4.18) E XX = EXY + EXM

Th e value of the own- price elasticity of a good is equal to the sum of the  income 
elasticity a nd c ross- price ela sticities. Re strictions such a s e quation (4.18) a re 
routinely exploited by economists in econometric work. Th e assumptions built 
into these relationships are rarely discussed.

Th e Elasticity of Substitution
As Chapter 2 sh owed, the elasticity of substitution mea sures the ability of 
an economy to substitute one input for another as the relative values of the 
marginal products of the inputs change.

(4.19) σ = Δ(K / L)/(K / L) ÷ [Δ(MRTSL for K)  / MRTSL for K]

Because in competitive equilibrium MRTSL for K = MPL / MPK, the elasticity of 
substitution is usually written

(4.20) σ = % Δ(K / L) ÷ % Δ[(PL / PK)]

Equating the ratios of marginal products to the ratio of factor prices is jus-
tifi ed only if the factor market is in competitive equilibrium. Th is  condition 
requires perfect competition in the goods market and factor market, constant 
returns to scale, smooth and continuous isoquants, and the output maximi-
zation condition. Mea sures of the elasticity of substitution are widely used in 
public policy debates. For example, the degree of substitutability between en-
ergy and capital has been the topic of many econometric studies. Th e eff ects 
of the built- in assumptions are seldom considered.

Total Factor Productivity
Total factor productivity (TFP) is an attempt to mea sure the eff ect of pure 
technological change on output growth. It is written as:

(4.21) A  = Q
•

 − aK
•

 − (1 − a)L
•
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A dot over an element in equation (4.21) indicates a rate of growth. Th e weights 
a and (1 − a) are the product shares of capital and labor. In econometric stud-
ies estimating TFP, each input is weighted using its cost share rather than its 
share of the output of the product (in the case of labor this is wL / C). Th is  ap-
proach is valid only under conditions of perfect competition in both the goods 
and fac tor ma rkets. P erfect co mpetition i mplies co nstant r eturns to s cale, 
constrained optimization, and the assumptions discussed above (see the dis-
cussion of the dual below). How these assumptions aff ect the validity of using 
cost shares as weights is rarely discussed in TFP studies.

Appendix
Constrained Optimization and the Lagrangian Multiplier

Constrained o ptimization i s t he m aximization (or minimiza tion) o f s ome 
objective function subject to co nstraints on the in de pen dent variable. Con-
sider the problem of maximizing utility subject to a bud get constraint. A spe-
cifi c utility function and bud get constraint might be:

(4.22) U  = X1X2 + 4X2 subject to the bud get constraint 2X1 + X2 = 30

Th e Lagrangian version of this would be:

(4.23) Z  = X1X2 + 4X2 + λ(30 − 2X1 − X2)

Th e idea is to ma ke the constraint equal to z ero so that we can evaluate the 
utility f unction w ithout worrying about constraints. In t hat case U w ill be 
equal to Z. Th is is where λ comes in. We treat λ as an additional variable, that 
is, instead of the function U = f(X1, X2), we have Z = f(λ, X1, X2). Th en the fi rst-
 order conditions are:

(4.24) ∂Z / ∂X1 = X2 + 2λ = 0

(4.25) ∂Z / ∂X2 = X1 + λ = 0

(4.26) ∂Z / ∂λ = 30 − 2X1 − X2 = 0

By treating λ as an extra variable and solving the system of equations including 
it, we can treat the values of Z as if they  were free (unconstrained) variables.
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Kuhn–Tucker Conditions
Th e ma thematics w e u sed ab ove to de scribe t he P areto co nditions f or e ffi  -
ciency in exchange are designed for problems of constrained optimization. 
For example, we began by deriving the conditions for maximizing utility sub-
ject to a given endowment of goods X and Y. Th e Kuhn– Tucker conditions are 
a way of writing down the constrained optimization problem when there are 
non- negativity constraints. For example, in the graphical repre sen ta tion of the 
consumer maximization problem, it is necessary for the consumer to con-
sume positive amounts of both goods or  else we might have a situation illus-
trated in Figure 4.8.

Good X

Good Y

Figure 4.8. A corner solution

In this case the consumer is spending his or her entire bud get on good X 
and it is impossible for the indiff erence curve to be tangent to the bud get line. 
Th e consumer’s constrained maximization problem becomes:

(4.27) Z  = U(X, Y) − λ(PXX + PYY − B)

 B ≤ PXX + PYY

 X , Y ≥ 0

Th e fi rst- order conditions become:

(4.28) ∂Z / ∂X = ∂U / ∂X − λPX ≤ 0 if <, then X = 0
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(4.29) ∂Z / ∂Y = ∂U / ∂Y − λPY ≤ 0 if <, then Y = 0

(4.30) ∂Z / ∂λ = B − PXX − PYY ≥ 0 if >, then λ = 0

If X, Y > 0, then MUX = λPX and MUY = λPX, and λ = MUX / PX = MUY / PY.
If the total bud get is not spent, and there is some income leἀ  over aἀ er the 

consumer has all the X and Y desired, then the marginal utility of income λ 
must be zero.

Th e Dual and the Function Coeffi  cient
Th ere i s a n i mportant relationship b etween cost f unctions a nd production 
functions called the dual. Figure 4.7 shows the conditions for output maxi-
mization given a cost constraint. We can arrive at the same result if we start 
with a production function (an isoquant) and see how we can produce a given 
amount of output with minimum cost (the lowest isocost curve). We could 
produce the given output using the quantities of labor and capital indicated 
by p oints 1 o r 2 o n i socost c urve I 3 (see F igure 4 .9), b ut w e c an p roduce 
it cheaper by using the combination of labor and capital indicated by point e 
on isocost curve I2. With isocost I1 we do n ot have enough money to p ur-
chase the inputs necessary to produce the quantity of output indicated by the 
isoquant.

So whether we start with the isoquant and minimize costs, or start with 
the isocost curve and maximize output, we arrive at the same optimal amounts 
of inputs K and L. In economic theory this is called the dual. As we saw above, 

Capital

Labor

e

I1 I2 I3

1

2

Figure 4.9. Minimizing costs subject to an output constraint
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this means that, with competitive equilibrium in production, the slope of the 
isoquant is tangent to t he isocost curve, so t hat t he ratio of fac tor prices is 
equal to the ratio of marginal products. Th is is a particularly important result 
because, with the equilibrium assumption, it is possible to st art with a p ro-
duction function and go directly to a cost function.

Th e function coeffi  cient is the proportional change in output resulting in 
an equal proportional cha nge i n a ll i nputs. Given t wo i nputs K a nd L a nd 
output Q, we have:

(4.31) ε = (ΔQ / Q) / (ΔK / K) + (ΔQ / Q) / (ΔL / L) = (ΔQ / ΔK) / (K / Q) 
+ (ΔQ / ΔL) / (L / Q), or

(4.32) ε = MPK(K / Q) + MPL(L / Q)

Now multiply the fi rst term on the leἀ - hand side by 1 = PK / PK and the second 
term by 1 = PL / PL. Th is gives us:

(4.33) ε = (MPK / PK) (KPK / Q) + (MPL / PL) (LPL / Q)

We s aw ab ove i n e quation (4.15) t hat e quilibrium i n t he fac tor ma rket re-
quires that (MPK / PK) = (MPL / PL), so we can rewrite equation 4.33 as

(4.34) ε = (MPK / PK)[(KPK + LPL) / Q]

We saw above that the cost constraint C = (KPK + LPL) and we know that C / Q 
is the average cost of producing a unit of Q, so we can write 4.34 as

(4.35) ε = (MPK / PK)(AC)

Th e last thing we need to do is to show that (PK / MPK) is equal to long- run 
marginal cost LMC. Suppose we wanted to produce one more unit of Q and 
that the marginal product of capital is fi ve. How many units of capital would 
be needed? Th e answer is 1/5. How much would that cost? Th e answer is (PK)
(1 / MPK). So the function coeffi  cient can be written as

(4.36) ε = LAC / LMC

We began with a production function and ended up with an expression made 
up only of costs. We did this by making the critical assumption that the factor 
market wa s i n competitive e quilibrium s o t hat we could convert ma rginal 
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products t o ma rginal cost s. Th is is  cr itically i mportant i n eco nometric 
studies because there is no data on marginal products of inputs, but there is 
data on wages, rent, interest, and other input costs. Th e graphical result above 
showing the duality between cost and production can be proved mathemati-
cally using Shephard’s Lemma, an application of a mathematical relationship 
called the envelope theorem.

Th e Th eory of the Second Best
If several optimality conditions in an economic model are not satisfi ed, would 
we move toward Pareto effi  ciency by correcting only one of them? Th e sur-
prising answer is no. It is not only possible but very likely that correcting one 
of t he imperfections w ill move us fa rther away f rom t he competitive ideal. 
Th is result is called the theory of the second best, as fi rst demonstrated by 
R. G. Lipsey and Kevin Lancaster in the 1950s. Th e very practical policy im-
plication of the theory is that economists need to carefully examine the specifi c 
characteristics of a par tic u lar market before making theory- based “fi rst- best” 
recommendations about how to improve economic effi  ciency. Richard How-
arth examined the eff ects on the economy of environmental taxes and found 
that fi rst- best rules underestimate the optimal level of emissions taxes under 
a variety of policy scenarios (see Howarth 2005).

Glossar y
Accounting profi t—Th e actual profi t a fi rm makes, that is, the total revenue 
from s elling t he goods produced m inus t he total cost s of producing t hem. 
Accounting profi t does not include opportunity costs.

Cross- price elasticity—Th e eff ect of a change in the price of one good on the 
quantity demand of another. Th e eff ect is negative for goods that are comple-
ments (i.e., used together, such a s gin and tonic) and positive for goods that 
are substitutes (such as apples and oranges).

Derived demand—Th e market for a factor of production depends not only on 
its productivity but also on the demand for the product it is producing.

Dual—Maximizing o utput s ubject t o a cost co nstraint o r m inimizing cost s 
subject to an output constraint gives the same optimal combinations of inputs.
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Economic profi t—Th e profi t a fi rm makes minus the average profi t prevail-
ing in the economy. In long- run competitive equilibrium, profi ts and losses 
are eliminated by the forces of competition so that economic profi t is zero for 
all fi rms. Th at means all fi rms are making the same accounting profi t.

First- order conditions—When a co nsumer is maximizing utility subject to 
a bud get constraint, the ratio of marginal utilities will equal the ratio of the 
prices of the goods. When a producer is maximizing output subject to a cost 
constraint, t he r atio o f t he ma rginal products o f t he fac tors o f production 
will equal the ratio of their prices.

Function c oeffi  cient—Th e p roportional c hange in  o utput r esulting in  a n 
equal proportional change in all inputs.

Income e lasticity—Th e eff ect o f a cha nge i n i ncome o n t he dema nd f or a 
good. Th e eff ect is positive for normal goods (your income goes up so you buy 
more of it) and negative for inferior goods (your income goes up and you buy 
less of it).

Kuhn–Tucker conditions—A way of stating the fi rst- order conditions for a 
constrained optimization problem when there are non- negativity constraints 
on the variables to be maximized.

Law of dema nd—Th e price of a g ood a nd t he quantity dema nded of i t a re 
inversely related, or dQd / dP < 0.

Law of diminishing returns—As more and more units of a productive factor 
are added, the amounts of all other factors held constant, the marginal physi-
cal product of that factor will eventually decline.

Law of supply—Th e price of a g ood a nd t he quantity of i t supplied a re d i-
rectly related, or dQs / dP > 0.

Marginal utility of money—When the consumer is maximizing utility sub-
ject to a b ud get constraint, the consumer gets the same utility from a dollar 
spent on each good. So in equilibrium, λ = MUx / Px = MUY / PY can be inter-
preted as the marginal utility of money.

Money i llusion—Th e fa ilure to d istinguish b etween n ominal (actual) a nd 
real (adjusted for infl ation) prices.
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Opportunity cost—Th e cost foregone by not choosing the next best alterna-
tive. For a fi rm, it i s t he profi t foregone by not  producing i n t he next most 
profi table industry.

Own- price elasticity—Th e eff ect of an increase in the price of a good on the 
quantity of it demanded.

Production possibilities frontier—Shows the maximum amount of one good 
that can be produced, given the amount produced of the other good. On the 
frontier, resources and technology are used to their maximum effi  ciency.

Rate of product transformation—Th e rate at which the resources used in the 
production of one good can be shiἀ ed to the production of another good while 
maintaining the greatest output effi  ciency possible. It is equal to the slope of 
the production possibilities frontier.

Second- order condition—Necessary to ensure that we are obtaining a maxi-
mum value and not a minimum value.
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Th e model of perfect competition presented in t he last chapter i s t he heart 
and soul of neoclassical welfare economics. It is a mathematical repre sen ta-
tion of an economic system that exactly duplicates the operation of a volun-
tary, frictionless, barter economy. As we saw in Chapter 1, the starting point 
for the model is the individual consumer whose behavior is described by the 
rational actor model. Th e consumer chooses from among the array of market 
goods based solely on the prices of those goods, and producers supply these 
goods using t he most effi  cient combinations of inputs as indicated by their 
prices (see Figure 5.1). Two critical assumptions drive the demand for market 
goods in this model. Th e fi rst is the assumption of rational choice on the part 
of consumers and producers, and the second is faith in the ability of prices 
to correctly capture a ll the relevant information about market goods. If the 
price signals are “wrong,” then so too will be the collection of market goods 
chosen by the rational consumer.

market failure and 
the second fundamental 
theorem of welfare 
economics

What is it we mean by “market failure”? Typically, at least in 
allocation theory, we mean the failure of a more or less idealized 
system of price- market institutions to sustain “desirable” activities or 
stop “undesirable” activities. Th e desirability of an activity, in turn, is 
evaluated relative to the solution values of some explicit or implied 
maximum welfare problem.

—Francis Bator, “Th e Anatomy of Market Failure,” Quarterly Journal 
of Economics 72(3) (1958), 351

5
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Much of the criticism of neoclassical economics is centered on the First 
Fundamental Th eorem, na mely, a co mpetitive e conomy w ill ensu re t he 
most effi  cient allocation of society’s resources in consumption and produc-
tion. It is easy to see that real economies bear little resemblance to the com-
petitive ideal. But this is recognized by neoclassical economics. Sometimes 
prices are distorted and the market fails to achieve the socially optimal re-
sult. Instances of market failure include externalities, public goods, and 
market power. In a ll these cases, prices are distorted and there is a l egiti-
mate role for the government to intervene and correct the market failures.

Exter nalities
An externality occurs when the action of one economic agent (consumer or 
fi rm) aff ects another agent, and this eff ect is not included in market prices. 
When this occurs, the private market price is not equal to the social price of 
the good.

In Figure 5.2, a factory producing some good (perhaps widgets) is emitting 
air pollution that aff ects nearby residents. Th is air pollution might cause health 

More is always preferred to less
Consistency in choices
Preferences are stable
Responds rationality to price signals
Every preference is equally valid
No interaction

Stable preferences

Goods and services

Perfect information
Mobility of factors
No barriers to entry
Uses best technology
Constant returns to scale
No interaction

Prices

The rational actor The competitive firm

Figure 5.1. Assumptions of the Walrasian model
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damages, extra cleaning costs, or reduced visibility. If these damages are not 
included i n production cost s, t he “t rue” (social) cost o f producing a w idget 
would be higher than the cost to t he (private) producer and thus higher than 
the market price. Th is i s t he c ase e ven i f a ll t he a ssumptions o f Walrasian 
theory hold, including perfect competition, the rational actor model, and so 
on. Figure 5.3 shows the eff ect of a negative externality on the price and quan-
tity of a good.

If t he e xternal cost s o f p roduction  were n ot ac counted f or, t he ( private) 
price would be set at PP and the quantity produced would be QP. Including the 
external eff ects of production would increase the price to PS (the social price) 
and decrease the quantity demanded to QS. When externalities are present, con-
sumers respond rationally to p rices, a nd prices a re c apable of containing a ll 
relevant information, but the wrong prices are sent to the market. Once these 
prices a re co rrected, a s ocially e ffi  cient a llocation o f r esources c an b e 
obtained.

Two classic solutions to externalities are (1) the use of taxes and subsidies 
and (2) completely a ssigning property r ights. A rthur P igou, w riting i n t he 
1920s, argued for a tax on negative externalities such as pollution and subsi-
dies for positive externalities such as beekeeping (which has a positive eff ect 
on the production of many crops). Ronald Coase argued that the socially op-
timal amount of an externality would automatically be arrived at if property 
rights  were assigned to either the polluter or pollutee. In the fi rst case t he 
pollutee w ould pa y t he p olluter n ot to p ollute, a nd i n t he s econd c ase t he 

Figure 5.2. An externality in production
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 polluter would pay for the right to pollute. No matter to which party property 
rights a re a ssigned, w ith p erfect i nformation a nd n o t ransactions cost s, 
the situation would be reached where the marginal cost o f pollution would 
exactly equal the marginal benefi t from the polluting activity.

Public Go ods
Public goods have two characteristics that preclude assigning them a proper 
price so they can be effi  ciently allocated.

 1. Public goods are non- exclusive. Once a public good is provided, anyone 
can use it whether or not that person paid for its use.

 2. Public goods are non- rival. Once a public good is provided, one person’s 
use does not aff ect another person’s use of that good.

An example of a pure public good is public radio. Once a public radio sta-
tion is operating, anyone can listen to that station whether or not that person 
sends in a donation to the station. Also, any number of people can listen to the 
station without aff ecting any other person’s use. Th e marginal cost of adding 
one more person is zero.

Price

Quantity

D

Sprivate

Ssocial

QPQS

PS

PP

Figure 5.3. Price and quantity of a good associated 
with a negative externality
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Many goods have one of t hese cha racteristics a nd not t he other. For ex-
ample, cable TV is exclusive but not rival. People can be excluded from using 
it i f t hey do n ot pay a c able f ee, but up to a p oint m ore c ustomers c an b e 
added without aff ecting the supply of cable TV ser vices. Other goods are ri-
val but not exclusive. Th e fi shery is a classic example of a good of this sort. If 
a fi shing ground is not regulated by some government or private cooperative, 
anyone can go there and fi sh. But, because the number of fi sh is l imited in 
any given area, if one person catches a fi sh no one  else can catch that fi sh. Th e 
private incentive is to c atch the fi sh before someone  else does. Th is is called 
the tragedy of the commons.

Th e Tragedy of the Commons

In the case of a fi nite, open- access resource there i s an incentive for each indi-
vidual to use the resource as quickly as possible before someone  else uses it fi rst. 
One solution to th e tragedy i s to a ssign property r ights, e ither to p rivate indi-
viduals or to a public entity.

We saw in Chapter 4 that a private good is effi  ciently provided by the mar-
ket if its price is equal to its marginal cost. Price is determined by the inter-
section of demand and supply in the market for that good. In the case of a 
public good, effi  cient allocation results when the marginal social value of the 
good is equal to the marginal cost of providing it. Th e social benefi t of a pub-
lic g ood i s de termined b y v ertically su mming t he dema nd c urves f or t he 
consumers in the market for that good, as shown in Figure 5.4.

Figure 5.4 shows the usual textbook solution to the public goods problem. 
Th e effi  cient provision of the public good is determined by the point where 
the public good demand curve (vertical sum of D1 + D2) equals the marginal 
cost of producing the good. So the effi  cient price would be Ppg and the opti-
mal amount provided would be Qpg. Th is solution is a little disingenuous be-
cause for a pure public good, once it exists, the marginal cost of providing it 
to one more user is zero. In that case, the price would be zero and the optimal 
amount provided would be Qppg.
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Mar ke t P ower
A f undamental cha racteristic of perfect competition i s t hat fi rms a re price 
takers; each fi rm is so small relative to the market that its actions have no ef-
fect on price. Th e price a fi rm can receive for a good is dictated by the forces 
of supply and demand in the market for that good. In economic jargon, the 
fi rm faces a horizontal, perfectly elastic demand curve. For a monopolist, how-
ever, the fi rm controls the entire market, and so it faces a downward sloping 
demand curve.

As shown in Figure 5.5, the monopolist faces a downward sloping demand 
curve, and a marginal cost curve lying under the demand curve. In the case 
of a l inear dema nd curve, t he dema nd curve (in inverse form) is P = a + 2Q 
(where a is a constant) and the slope would be dP / dQ = 2. Total revenue is the 
quantity sold times price or PQ = (a + 2Q)Q = aQ + 2Q2, and marginal revenue 
is slope of t he TR curve d(PQ) / dQ or (a + 4Q), so t he intercepts of t he de-
mand and marginal revenue curves are the same but the slope of the marginal 
revenue curve (dMR / dQ = 4) is twice as great. As in the case of perfect com-
petition, the fi rm will produce where MC = MR, and in this case the output 
will be QM. Th e price is taken from the demand curve and the quantity QM is 

Quantity of the public good

Price of the
public good

Marginal costPpg

Qpg

D1

D2

D1 + D2

Qppg

Figure 5.4. The optimal provision of a public good
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associated with a price of PM. At that quantity the average unit cost of produc-
tion is CM, which is less than the price, so the fi rm makes a profi t of (PM − CM)
QM. Unlike the competitive fi rm, a fi rm with market power can earn an eco-
nomic profi t, that is, a rate of profi t greater than the average rate prevailing in 
the economy. Th e monopolistic fi rm produces at a point other than the mini-
mum on the long- run average cost curve and can control price by changing 
the quantity sold.

Th e effi  ciency of monopoly compared w ith perfect competition c an be 
seen in Figure 5.6. If the market for the good being produced  were compe-
titive, the amount produced would be Qc, determined by the point where 
the ma rginal cost c urve i ntersects w ith t he dema nd c urve ( the dema nd 
curve w ould r epresent t he su m o f t he ma rginal r evenue c urves f or a ll 
the p roducers). Th e p rice w ould b e P c ( price = marginal cost = marginal 
revenue).

In t he c ase o f a m onopolistic fi rm, o utput w ould b e de termined w here 
MC = MR, the quantity produced would be Qm, and the price would be Pm. 
A monopolist produces less and charges more than a fi rm operating under 
conditions of perfect competition. In the Walrasian general equilibrium frame-
work, this represents a loss to society because less of this good is being pro-
duced than is socially optimal.

Th e eff ect o f t his c an b e s een u sing t he co ncept o f consumer s urplus. 
 Under competitive conditions, the price of the good in Figure 5.6 would be Pc. 

Price and
cost

Quantity

D

MR

MC
AC

QM

PM

CM

Figure 5.5. Price, output, and average cost 
under monopoly
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D =   MRs MR

MC

QcQm

Pm

Pc

Quantity produced

Price and 
cost

a

b

cd

0

S (perfect competition)

Figure 5.6. The loss of social welfare under monopoly

Looking at the demand curve, if the price  were higher than Pc, would there 
still be some demand for the good? Th e answer is clearly yes. Some people are 
willing to pay a higher price than Pc for the good. So they are in a sense re-
ceiving a “ bonus,” or surplus, compared with what they would be willing to 
pay. Total consumer surplus under competitive conditions in Figure 5.6 is the 
area of the triangle acPc.
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Looking at Figure 5.6 from the point of view of the producer, we can see 
that some sellers would be willing to sell the good at a price less than the com-
petitive price of Pc. Th ey too are getting a bonus, and this is called producer 
surplus. In Figure 5.6, under competitive conditions, producer surplus would 
be the area under the competitive supply curve cOPc.

Suppose this industry  were characterized by monopoly power? In that 
case, t he fi rm w ould s et t he p rice a t P m a nd co nsumer su rplus w ould b e 
 reduced to t he a rea ab Pm. C ompared w ith t he co mpetitive si tuation, t his 
represents a loss of consumer surplus equivalent to the area (acPc − abPm) or 
 PcPmbc. But part of this loss goes to the producer as producer surplus (the 
area PcPmbd). Th is does not represent a loss to society; it is simply a transfer 
from co nsumers to p roducers. B ut t he a rea b cd to tally d isappears. Th is  is 
called a deadweight loss and represents the cost to s ociety of the monopoli-
zation of this industry. Th e rationale for this is that society would prefer that 
more scarce resources be used to make this good but instead they are going to 
their next best use (what ever that is).

Pr ices and Mar ke t Fail ur e
In all three classic cases of market failure, the economy fails to achieve gen-
eral Pareto effi  ciency because the wrong prices are sent to consumers. When 
externalities are present, prices do not refl ect the “external” eff ects of produc-
tion. Because of t he f ree- riding problem, t he prices of public goods u nder-
estimate their true value to society. Monopolists can control the prices they 
charge in order to infl uence the quantity sold. All of these instances of mar-
ket failure are ubiquitous in real economies. Th is fact is recognized by most 
economists. Most economists are not free- market fundamentalists, and they 
recognize a l egitimate r ole f or g overnment i ntervention to co rrect ma rket 
failures. And within the Walrasian system, there is a t heoretically tractable 
way of doing this.

We saw in Chapters 1 (consumption) and 2 (production) that any par tic u-
lar Pareto- effi  cient outcome depends on t he i nitial d istribution of s ociety’s 
resources (goods or productive inputs). So if market failure results in an un-
satisfactory outcome from society’s point of view, all we have to do is change 
the initial distribution of resources (a lump- sum transfer) in order to m ove 



 mar ke t f ail ur e and the s econd fund ament al theor em  89

to the socially desirable outcome. Th is is perhaps the most important idea for 
Walrasian e conomic p olicy. I t i s c alled t he S econd F undamental Th eo rem 
of Welfare Economics, and it provides the intellectual rationale for policies 
promoting effi  cient markets.

Th e Second Fundamental Th eorem of Welfare Economics

Assuming th at c onsumers a nd p roducers a re r ational, s elf- regarding p rice 
 takers, almost an y P areto- effi  cient outc ome c an b e s upported b y lump - sum 
transfers.

Th e Th ird Fundamental Th eorem of Welfare Economics

Th is is simply the Arrow impossibility theorem. Th ere is no social welfare func-
tion that satisfi es Arrow’s criteria of unive rsality, non- dictatorship, Pareto effi  -
ciency, and in de pen dence.

Broadly interpreted, the Second Fundamental Th eorem says that if market 
imperfections exist, it is possible to correct them through enlightened inter-
vention. It is usually interpreted more narrowly to mean that if an imperfec-
tion exists, it is better to address the problem through income transfers rather 
than by adjusting prices. Th at is, the best policy is to adjust initial endow-
ments and let the market take over.

For completeness we should also mention the Th ird Fundamental Th eo rem 
of Welfare Economics, the Arrow impossibility theorem.

Th e power of neoclassical welfare economics comes directly from the First 
and Second Welfare Th eo rems. Th ese theorems are nothing short of the intel-
lectual foundation for arguments for the effi  cacy of free- market economies in 
achieving the highest possible social welfare. Of course, if these theorems are 
shown to be invalid it does not automatically throw out the case for market 
allocation of society’s scarce resources. But it does call into question market 
effi  ciency as a universal fi rst principle of resource allocation. If these theorems 
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do not hold, the case for free markets must be based on speci fi c evidence and 
the specifi c conditions of pa r tic u lar situations. Th is i s, i n fac t, t he current 
trend in economic research and policy. Th ere is a growing recognition of the 
theoretical intractabilities and the behavioral limitations of Walrasian wel-
fare economics. Th is is the subject of Part Two of this book.

Appendix
Income and Substitution Eff ects

A fundamental principle of economics is the law of demand. All other things 
being e qual, t he p rice o f s omething a nd t he q uantity dema nded o f i t a re 
 inversely related, or in mathematical notation, dQ / dP < 0. Th ere are two rea-
sons for this relationship. First, if the price of a good increases, then the con-
sumer’s real income (income adjusted for infl ation) will decline; and i f t he 
good is a normal good (dQ / dI > 0), then fewer units of that good will be de-
manded. Th is is called the income eff ect. Second, an increase in the price of 
one good (X in this case) relative to another ([Px / Py]↑) will cause consumers 
to substitute good X for good Y. Th is is the substitution eff ect.

Accounting for the loss of real income aff ects the demand curve. Th e ordi-
nary, o r Marshallian d emand c urve, na med f or A lfred Ma rshall, sh ows 
both the income and substitution eff ects. Th e Hicksian demand curve, named 
from John Hicks, is income compensated, t hat is, t he consumer is compen-
sated for increases or decreases in real income as prices change. In Figure 5.7 
notice t hat t he H icksian dema nd c urve i s ste eper, l ess ela stic ( less p rice- 
responsive) compared with the ordinary market demand curve. Th is is because 
part of the response to a price change has been taken away.

It i s st raightforward to sh ow h ow t hese e ff ects c an b e s eparated u sing 
graphs or mathematics. Figure 5.8 is a graphical repre sen ta tion of the income 
and substitution eff ects. Suppose there is a price increase in good Y from PÝ to 
PY. Th is  shiἀ s the bud get line inward because at the higher price the consumer 
can buy less of good Y with his fi xed bud get M. Th e optimal amount of good 
Y purchased at price PÝ is Y3, where the indiff erence curve I2 is just tangent 
to t he original bud get l ine at point c . Th e optimal a mount of good Y p ur-
chased at price PY is Y1, where indiff erence curve I1 is just tangent to the new 
bud get line at point a.
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Quantity

D (Marshall)

D (Hicks)

Figure 5.7. Demand according to Hicks and Marshall

Quantity of X
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Figure 5.8. Income and substitution effects for a price 
increase in a normal good

We c an s eparate t he i ncome a nd subst itution e ff ects by giving the con-
sumer enough income so that the consumer can be back on the original indif-
ference curve I2. Th is is shown by the dotted bud get line that is just tangent to 
the indiff erence curve I2 at point b. So we have compensated the consumer for 
a loss of real income due to the price increase in good Y by giving the consumer 
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enough money to move back to the original indiff erence c urve. W hen t he 
price of Y went up, the total eff ect was to reduce the amount of Y purchased 
from Y3 to Y1 (the movement from c to a in Figure 5.8). Th e movement from 
Y3 to Y2 (c to b along the original indiff erence curve) is the substitution eff ect. 
Th e movement from Y2 to Y1 (b to a) is the income eff ect.

Th e total eff ect of a p rice change is a lways negative (the law of demand), 
PY↑ QY↓. Th e substitution eff ect is also always negative, (PY / PX)↑ QY↓. As the 
price of good Y increases relative to the price of good X, a consumer will sub-
stitute good X for good Y. In the case of a normal good the income eff ect is 
also negative, P↑M↓QY↓. For an inferior good, however, the income eff ect is 
positive, P↑M↓QY↑, partially (but not entirely) off setting the negative substi-
tution eff ect.

Mathematically, this result can be derived using a v ariety of approaches. 
An interesting interpretation of the income and substitution eff ects is given 
by t he Slutsky equation, named for the early twentieth- century mathemati-
cian Eugen Slutsky. Stated in words, the Slutsky equation shows that the slope 
of the ordinary (Marshallian) demand curve for some good X is equal to the 
slope of the income- compensated (Hicksian) demand curve minus the opti-
mal a mount o f g ood X p urchased t imes t he sl ope o f t he Engel cur ve. Th e 
 Engel curve shows the change in the amount of a good (X) purchased result-
ing from a change in income (dX / dM) keeping prices constant. In elasticity 
form the Slutsky equation is:

(5.1) E 11 = E11 (utility held constant) − α1 E1M

Th e own- price elasticity (E11) is equal to t he substitution eff ect (the income- 
compensated own- price ela sticity) m inus t he i ncome ela sticity (E1M) t imes 
the bud get share of the good (α1 = P1Q1 / M).

Th e relationships in equation (5.1) implies that the Hicksian and Marshal-
lian mea sures should be about the same either if the bud get share of the good is 
small or if demand for the good is relatively insensitive to income changes. Th is  
is an important point because if the term α1E1M is near zero, we can use the mar-
ket demand curve (and market data directly) for estimates of welfare changes. 
Th e three mea sures of consumer surplus should be about the same. How much 
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people are w illing to pa y for a ga in (W TP) should be about t he same as how 
much they would have to be compensated to accept a similar loss (WTA).

Consumer Surplus According to Hicks and Marshall
Th e two diff erent kinds of demand curves, ordinary and income- compensated, 
yield diff erent m ea sures o f co nsumer su rplus. F igure 5 .9 sh ows t he e ff ect 
on consumer surplus of a price change for a good. Th e curve labeled DM is the 
Marshallian (ordinary or ma rket) dema nd c urve. C onsumer su rplus i s t he 
area A + B under this demand curve corresponding to the two diff erent prices. 
In this case the eff ect on consumer surplus of a p rice increase, −(A + B), or 
price decrease + (A + B) is the same.

In t he c ase o f t he H icksian dema nd c urve w e g et d iff erent m ea sures o f 
consumer su rplus de pending o n t he d irection o f t he p rice cha nge. Th is  is 
 because, at a h igher price (P1 in Figure 5.9), the consumer has a l ower real 
 income, and at a lower price (P2), the consumer has a higher real income. Th e 
relevant Hicksian demand curve for price P1 is H1 (lower real income), and 

Price

Quantity
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H1 H2

P1

P2
A B

C

Q1 Q2

Figure 5.9. Consumer surplus according to Hicks and Marshall
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the Hicksian demand curve for price P2 is H2 (higher real income). Th e gain 
in consumer surplus resulting from a price move from P1 to P2 is the area un-
der H1, or A. Th is is called the compensating variation. Th e loss in consumer 
surplus r esulting f rom a p rice i ncrease f rom P 2 to P 1 i s t he a rea u nder 
the H icksian dema nd c urve H 2, or A + B + C. Th is is  c alled t he equivalent 
variation.

A = compensating variation

A + B = consumer surplus

A + B + C = equivalent variation

Referring to equation (5.1), the diff erences between these three mea sures dis-
appear as the expression (−α1 E1M) becomes smaller.

Th is discussion of consumer surplus may seem esoteric but it is critically 
important to cost- benefi t analysis, one of the basic tools of economics. Tra-
ditional cost - benefi t a nalysis r elies o n Ma rshallian m ea sures o f co nsumer 
surplus and they assume that WTA and WTP are similar. As Chapter 8 shows, 
empirical st udies r eveal v ery la rge d iff erences b etween t he t wo m ea sures. 
People are loss averse; they are much less willing to accept losses than they 
are willing to pay for equivalent gains. Th is has important consequences for 
cost- benefi t analysis and public policy.

Glossar y
Compensating v ariation—A m ea sure o f t he w elfare ga in r esulting f rom a 
decrease in the price of a good or ser vice. It is equal to the loss in income that 
would exactly off set the welfare gain from the fall in price.

Consumer surplus—Th e  diff erence between what consumers actually pay for 
a good and the extra amount they would be willing to pay.

Cost- benefi t analysis—Calculating t he benefi ts and costs of public policies 
based on identifying potential Pareto improvements. Also called benefi t- cost 
analysis.

Deadweight loss—Th e net loss of consumer surplus plus producer surplus.
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Engel curve—Th e change in the amount of a good (X) purchased resulting from 
a change in income (dX / dM), keeping prices constant.

Equivalent va riation—A mea sure of t he welfare loss resulting f rom a n i n-
crease in the price of a good or ser vice. It is equal to the gain in income that 
would exactly off set the welfare loss from the price increase.

Externalities—An e ff ect from production or consumption that is not taken 
 account of by market prices. An externality may be either positive or negative.

Hicksian demand curve—A demand curve that includes only changes in rela-
tive prices of the good. Also called an income- compensated demand curve.

Income eff ect—Th e eff ect on consumption of a gain or loss in real income.

Inferior good—A good for w hich a n i ncrease i n i ncome de creases t he de-
mand for it.

Law o f dema nd—Th e q uantity dema nded o f a g ood v aries i nversely w ith 
changes in its price.

Market failure—Th e failure of the market to s end “correct” price signals to 
consumers and fi rms. Instances include externalities, public goods, and mar-
ket power.

Market power—Th e ability of a fi rm to aff ect prices and output in a par tic u-
lar market.

Marshallian dema nd c urve—A dema nd c urve t hat i ncludes t he e ff ects of 
both changes in real income and changes in price. Also called an ordinary 
demand curve.

Normal g ood—A g ood f or w hich a n i ncrease i n i ncome i ncreases t he de-
mand for it.

Producer surplus—Th e  diff erence between the price sellers actually get for a 
product and the (lower) price they would be willing to accept.

Public goods—Goods w ith t he cha racteristics of being non- rival a nd non- 
exclusive.
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Social price—Th e price of a g ood that includes all positive and negative ex-
ternal eff ects of producing or consuming it.

Substitution eff ect—Th e change in the demand for a good arising solely from 
a change in relative prices, holding utility (usually mea sured by real income) 
constant.



Intr oduction and O ver vie w
Part One of this book presents the core framework of Walrasian welfare eco-
nomics. Its t wo ke y ideas a re (1) t he s ystem wa s formalized a s a t heory of 
 exchange in a pure barter economy— prices are added on more or less as an 
aἀ erthought, and (2) the key assumption that holds the system together is the 
in de pen dent rational actor. Part One is a pre sen ta tion of standard economic 
theory, a theory than has been around more or less in its present form for fi ἀ y 
years or more. Th ere is no need for extensive footnotes and references in Part 
One because the material is presented in dozens of microeconomic textbooks, 
although not as a logical progression from barter to prices to the fundamen-
tal t heorems. Th e ma terial p resented i n P art On e i s co nsistent w ith o ther 
contemporary microeconomic texts, a lthough the behavioral aspects of mi-
croeconomic theory are given more emphasis to prepare for the discussion in 
Part Two.

PART TWO
modern welfare economics
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Part Two presents the modern critique of Walrasian economics from two 
perspectives. Chapter 6 p resents some of the theoretical intractabilities in-
herent within the mathematical and logical framework of the system. Chap-
ter 7 presents some of the challenges to standard theory from the emerging 
fi elds of behavioral economics, evolutionary game theory, and neuroscience. 
Chapter 8 brings the theoretical and behavioral critiques together in a d is-
cussion of cost- benefi t analysis and how it is used in contemporary economic 
analysis of climate change. Th ese critiques set the stage for new directions in 
economic theory and policy outlined in Chapter 9. Th e main diff erence in 
the pre sen ta tion of these chapters is the extensive use of references. Most of 
this material is relatively new, and it is only beginning to appear in introduc-
tory economic and microeconomic texts. Another reason for so many refer-
ences i s t hat ma ny of t he new fi ndings in behavioral economics are being 
published outside the mainstream economic journals. Behavioral economics, 
evolutionary economics, and neuroeconomics are by their very nature inter-
disciplinary a nd experimental, a nd results a re a s l ikely to b e published i n 
psychology or biology journals (and the general science journals Science and 
Nature) as in the usual economic outlets.

Aἀ er reading these chapters, it will become clear that the new direction 
economics will take in the years to co me is far from settled. How much of 
the o ld e conomics c an b e s alvaged, h ow t he n ew b ehavioral a ssumptions 
will coalesce, and the nature of the policy implications of all this are being 
hammered out at conferences, in online exchanges, and in the pages of lead-
ing economic journals. Th is is an exciting time to study economics. It is hoped 
that these chapters will not bring uneasiness about the demise of the old but 
rather optimism about the emergence of economics as an empirically sound 
and policy- relevant science.
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The Impor t a nce of the Fund ament al Theor ems
Th e foundation for Walrasian economic theory is the two welfare theorems 
discussed in chapters 4 and 5. Th e First Fundamental Th eorem states that if 
all individuals and fi rms are selfi sh price takers, then a competitive equilib-
rium is Pareto effi  cient. Th e Second Fundamental Th eorem states that i f a ll 
individuals and producers are selfi sh price takers, then almost any Pareto op-
timal e quilibrium c an b e su pported v ia t he co mpetitive m echanism, p ro-
vided appropriate lump- sum taxes and transfers are imposed on individuals 
and fi rms.

Th ese two theorems have been the backbone of economic policy in the de-
cades since World War II. Lockwood (1987, 811) writes of the second theo-
rem: “It is no exaggeration to say that the entire modern microeconomic 
theory of government policy intervention in the economy (including cost- benefi t 

the theoretical critique of 
walrasian welfare economics

It is the fi rst welfare theorem [asserting the effi  ciency of competitive 
markets] that provides the intellectual foundation for our belief in 
market economies. Like any theorem its conclusions depend on the 
validity of its assumptions. A closer look at those assumptions, 
however, suggests that the theorem is of little relevance to modern 
industrial economies.

—Joseph Stiglitz, Whither Socialism? (Cambridge, MA: MIT Press, 1994), 28

6

Th is chapter was originally published in a somewhat diff erent form in John M. Gowdy, “Th e Revolu-
tion i n Welfare E conomics a nd I ts I mplications for E nvironmental Valuation a nd P olicy,” Land 
Economics 80(2) (2004), 239– 257. © 2 004 by t he Board of R egents of t he University of W isconsin 
System. Reproduced by the permission of the University of Wisconsin Press.
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analysis) is predicated on this idea.” Likewise, Fisher (1983) writes: “Th e cen-
tral t heorems o f w elfare e conomics ( i.e. t he fi rst a nd s econd f undamental 
theorems) may be the single most important set of ideas that economists have 
to convey to lay people.”

Th e second theorem implies that if a move from one par tic u lar state of the 
economy to another is judged to be desirable, this move may be achieved 
through transferring resources from one person (or one activity) to a nother. 
Referring back to Chapter 1, any point on the contract curve in Figure 1.3 can 
be reached by changing the initial distribution of the goods X a nd Y a mong 
the two consumers. Th e rationale for moving from one state of the economy to 
another is the Kaldor– Hicks criterion, that is, identifying a potential Pareto 
improvement (PPI). If the magnitude of the gains from moving from one state 
of the economy to a nother is greater than the magnitude of the losses, then 
social welfare is increased by making the move even if no actual compensation 
is made. Stavins, Wagner, and Wagner (2002, 5) write about the potential Pa-
reto i mprovement: “ Th is i s th e fu ndamental f oundation— the n ormative 
justifi cation— for employing benefi t- costs analysis, that is, for searching for poli-
cies that maximize the positive diff erences between benefi ts and costs.”

Establishing economic policies using cost- benefi t analysis to identify PPIs 
is one of the central concerns of contemporary economics. A PPI is fundamen-
tally diff erent f rom t he notion of Pareto effi  ciency that simply says that an 
effi  cient state is one in which any change will make at least one person worse 
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off . A PPI is a change that helps one person and harms  another. PPIs are iden-
tifi ed using the mea sures of consumer surplus discussed in Chapter 5.

Two problems ma r t he welfare- based cost- benefi t approach to e conomic 
policy. Th e fi rst i s t he intractable t heoretical d iffi  culty of determining PPIs 
using the Kaldor– Hicks criterion. Th is is discussed in this chapter. Th e sec-
ond problem is the characterization of human behavior to fi t the restrictive 
assumptions of consumer choice theory. Th is is discussed in Chapter 7.

What follows is not a critique of all attempts to quantify the benefi ts and 
costs of moving from one state of the economy to a nother. Problems arise 
to t he extent t hat e stimates of cost s a nd benefi ts a re shoehorned i nto t he 
narrow framework of Walrasian theory. Many economists do not appreci-
ate the theoretical diffi  culties involved in estimating welfare changes. And 
certainly most non- economists are unaware of the leap of faith required to 
move from estimating costs and benefi ts to c alculating a p otential Pareto 
improvement.

A Summary of the Walrasian System

 1.  Th e theoretical foundation for the policy recommendations of Walra-
sian economics is the fi rst two theorems of welfare economics.

 2.  Th e First Fundamental Th eo rem justifi es relying on a competitive econ-
omy to ensure the social good.

 3.  Th e Second Fundamental Th eo rem justifi es interventionist policies but 
only to create the conditions for competitive markets.

 4.  Th e system of equations supporting these theorems depends critically 
on the assumptions about consumer behavior (Homo economicus) and 
the characterization of markets and technology (perfect competition).

 5. In this system, policy recommendations are based on the ability to iden-
tify effi  ciency gains (potential Pareto improvements).

 6.  Th e ultimate goal of this system is to create a positive science of eco-
nomics, one that can provide policy recommendations without making 
value judgments, that is, without making interpersonal comparisons of 
utility.



104  moder n welf ar e economics

Theor etical Intra ct abilities with Identifying  
Potenti al P a r et o Impr ovements
Th e Kaldor– Hicks criterion seems straightforward. If one person values his 
or her gains from an economic change more than a second person values 
his or her losses, then potential total welfare increases, and this represents a 
 potential Pareto improvement. Such an economic change is justifi ed on effi  -
ciency grounds even if no actual compensation is paid. In general, econo-
mists follow Kaldor’s view that economic policy recommendations should 
be determined by effi  ciency; distribution is a problem for politicians. Under-
mining the argument for separating effi  ciency and distribution is more than 
sixty years of theoretical work demonstrating that PPIs cannot be identifi ed 
by comparing individual welfare changes. Th e goal of economists for most of 
the last century was to make economics a “positive” science, and the focus on 
effi  ciency was supposed to accomplish this. Finding effi  ciency improvements 
was supposed to allow economists to avoid interpersonal comparisons of util-
ity. Th is proved to be an impossible task. Th e problem in applying the poten-
tial Pareto principle is that we are drawing general equilibrium conclusions 
from partial e quilibrium si tuations. P artial e quilibrium a nalysis a ssumes 
that changes in a pa r tic u lar market can be analyzed in de pen dently from all 
other markets. Th is is a useful assumption in some practical policy applica-
tions of economic theory but is not valid if one is trying to establish the con-
ditions for a general economic optimum. Th is point is illustrated by the follow-
ing paradoxes in welfare theory. Th ese paradoxes are particularly debilitating 
to Walrasian t heory because t hey show t hat e ven i f we accept a ll t he ba sic 
 assumptions ab out e conomic ma n a nd p erfectly co mpetitive ma rkets, t he 
theory is still internally inconsistent.

Th e Cycling Paradox
Th e PPI criterion was supposed to a llow economists to ma ke policy recom-
mendations regarding any two points on diff erent utility possibilities curves 
such as those shown in Figure 3.4 in Chapter 3. Th eo retical diffi  culties  were 
raised immediately aἀ er Kaldor and Hicks proposed in 1939 that identifying 
PPIs should be the goal of economics. In 1941, Tibor Scitovsky demonstrated 
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that if a movement from one point to another in utility space can be shown to 
be Pareto improving according to the Kaldor– Hicks criterion, then it may also 
be shown that a movement back to the original point is also Pareto improving. 
Th is i s sometimes called t he c ycling pa radox. Referring to F igure 6 .1, using 
the PPI criterion a m ovement f rom point X to p oint X´ should be made b e-
cause from X´ it is possible to move to X˝ where both consumers are better off  
compared with the original point X. It is also true, however, that a movement 
from X´ to X is justifi ed because from X it is possible to move to point X˝́  
where both consumers are better off  compared with the starting point X .́

To eliminate this cycling problem, Scitovsky proposed a do uble criterion 
for a potential Pareto improvement. It must be shown that the gainers from a 
change can compensate t he losers so t hey w ill agree to t he change (Kaldor 
criterion) and that it is not possible for the losers to bribe the gainers not to 
make the move (Hicks criterion). But Gorman (1955) showed that the Scitovsky 
criterion violates the assumption of transitivity, which as we saw in Chapter 1 
is a necessary condition for consistency in consumer choice.

Th e “Sticking” Paradox
Th e PPI wa s one a ttempt to b roaden t he Pareto c riterion w ithout ma king 
interpersonal comparisons of utility. Another attempt, discussed in Chapter 3, 

Utility of 
person A

Utility of person B

X
X́´

X́´́

X́

•
•

• •

Figure 6.1. The cycling paradox (adapted from Varian 
1992, 406)
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was co nstructing a s ocial w elfare f unction ( SWF) to ch oose a p oint o n a 
grand utilities possibilities f rontier or on a p roduction possibilities f rontier 
(PPF). Figure 6.2 shows that using a SW F might “stick” the choice at either 
A or B, depending on which was the starting point. If the initial Pareto equi-
librium is at B with associated social welfare functions WB1 and WB2, point B 
would be preferred to point A because it is on a h igher social welfare curve. 
However, i f t he starting point is A w ith its associated social welfare curves 
WA1 and WA2, then point A would be preferred to point B.

Th e problem is that any change in initial d istribution of goods (income) 
means a change in the reference points that determine Pareto optimality. Th e 
points A a nd B o n t he production possibilities f rontier a re a ssociated w ith 
points Á  and B´ within an Edgeworth box for each amount of goods X and Y. 
Each utility possibilities frontier in Figure 6.2 can be derived from one of the 
two contract curves for consumption. As we saw in Chapter 3, the necessary 
condition for general Pareto optimality i s t hat t he slope of t he production 
possibilities frontier, the rate of product transformation of Y into X (RPTY for X), 
is equal to the common marginal rates of substitution Y for X (MRSY for X) in 
consumption for each person. Th ese slopes will be diff erent at diff erent points 

Amount of good Y

Amount of
good X

•

•

A

B

Á B́
WB2

WB1

WA1

WA2

Figure 6.2. A production possibilities frontier with two social 
welfare optima
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along the PPF, meaning that in competitive equilibrium, the price ratios for 
X and Y will be diff erent at points A and B. Th is general interdependence of 
welfare distributions and relative prices means that we cannot make general 
equilibrium statements comparing points on the PPF.

Th e Boadway Paradox
Comparisons of the relative effi  ciencies of diff erent economic situations de-
pend on identifying gains in consumer surplus (or compensating variations 
and equivalent variations— CVs and EVs) as discussed in Chapter 5. Accord-
ing t o st andard cost- benefi t p ractice w hen co mparing d iff erent p rojects o r 
policies, judging which one is superior is a matter of fi nding the one with the 
largest net gain. In the 1970s, Robin Boadway (1974) demonstrated that when 
comparing a lternatives, the one with the highest net gain is not necessarily 
the “best” one as judged by the Kaldor– Hicks compensation test. Th is is re-
ferred to as the Boadway paradox, and it also arises from the fact that estimates 
of i ncome- compensated v ariations— welfare ga ins a t co nstant p rices— are 
partial equilibrium mea sures. If relative prices change with a redistribution 
of income, as they a lmost certainly would in a g eneral equilibrium system, 
then such estimates are misleading mea sures of potential welfare gains. Th ese  
mea sures coincide with general equilibrium mea sures only if there is a single 
market- clearing price ratio at every point on the contract curve, a condition 
that holds only if preferences are identical and homothetic.

Homothetic Utility Functions
Th e assumption of “homothenicity” is critical to the Walrasian system and is 
worth going i nto i n some detail. A h omothetic utility f unction means t hat 
the utility maximizing composition of consumption goods depends only on 
the relative prices of the goods, not income, as shown in Figure 6.3.

A l ine drawn f rom the origin (the expansion path of consumption as in-
come increases) will cross the tangency points of the bud get lines and indif-
ference curves where these have the same slopes for all levels of income. Th is  
means t hat t he marginal rate of subst itution between t he t wo goods does 
not change as income increases. Put another way, the equilibrium (utility max-
imizing) p roportion o f a ll g oods co nsumed r emains e xactly t he s ame a s 
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 income increases. Th is is an extremely restrictive and unrealistic assumption. 
Th e relative amounts of goods X and Y chosen in Figure 6.3 depend solely on 
their relative prices. Homothetic utility functions exhibit income elasticities 
of demand equal to one for all goods for all levels of income. For the  whole 
economy t his m eans t hat co nsumers w ith d iff erent i ncomes b ut fac ing t he 
same set of relative prices (as under perfect competition) will demand goods 
in the same proportions.

Homothenicity i s a n extremely u nrealistic assumption, even in t he con-
text of neoclassical economics, but it is necessary to save the Walrasian sys-
tem and avoid the above paradoxes. Remember that the critical assumption 
underlying t he ma thematical p roperties o f co nsumption a nd p roduction 
 theory is that there is no interaction between agents. With the homothenicity 
assumption, everyone has the same preferences and identical marginal utili-
ties of income. An increase in income for the richest person on the planet and 
the p oorest w ould r esult i n t he s ame p roportionate i ncrease i n t he co m-
modities they consume. People would have identical tastes (utility functions) 
and there would be no reason to trade goods. Th e necessity of the homothe-
nicity assumption is one reason why economists resort to the notion of a “rep-
resentative agent.” Th is is the common theoretical practice of using a single 

Good X

Good Y

Figure 6.3. Expansion paths for homothetic utility 
functions
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individual to serve as a proxy for all consumers or all fi rms. Th e assumption 
of homothetic preferences, and identical preferences, is obviously a gross vio-
lation of reality that must have profound eff ects on t he results of empirical 
analyses. But it is necessary given the mathematical requirements of Walra-
sian economics.

A fi nal i rony  here i s worth mentioning. Re call t hat t he goal o f positive 
economics is to avoid interpersonal comparisons of utility. But the assump-
tion t hat u tility f unctions a re h omogeneous a nd t hat t he ma rginal u tility o f 
 income is the same for all consumers cannot be made without making inter-
personal comparisons of utility.

More Problems with PPIs
Numerous other theoretical dilemmas with the PPI approach have been iden-
tifi ed. Kjell Brekke (1997) showed that the choice of a numeraire matters when 
the marginal rates of substitution diff er among consumers. Samuelson (1950) 
showed that it is not certain that group A is better off  than group B e ven if 
group A has more of everything. Again, a basic problem for welfare econom-
ics is that the axioms of consumer choice refer to a single individual and they 
break down in the case of two or more persons. In the case of two or more 
persons, even within the narrow framework of neoclassical welfare theory, it 
cannot even be proved that more is preferred to less— perhaps the basic as-
sumption of modern economics (Bromley 1990).

Th e u pshot o f t hese r esults f or w elfare e conomics i s t hat t he K aldor– 
Hicks PPI rationale for comparing two states of the economy has some fun-
damental problems that makes it unacceptable as a theoretical foundation 
for analyzing the costs and benefi ts of economic policies. Th ere is no theo-
retically justifi able way to ma ke welfare judgments without invoking value 
judgments and interpersonal comparisons of utility, yet this is not permis-
sible u nder t he st ringent r equirements o f n eoclassical w elfare e conomics. 
Chipman a nd M oore (1978, 581) su mmarized t he o utcome o f d iscussions 
about the Kaldor– Hicks–Samuelson–Scitovsky new welfare economics:  “Aἀ er 
35 years of technical discussions, we are forced to come back to Robbins’ 
1932 position. We cannot make policy recommendations except on the basis 
of value judgments, and these value judgments should be made explicit.” Th is  
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position is even more secure aἀ er a nother t wenty- fi ve ye ars of  t heoretical 
discussions.

Effi  ciency, Output Mix, and Social Welfare
As shown in Figure 6.4, it is quite possible that an increase in “effi  ciency” can 
reduce social welfare if the output mix changes even if total output increases. 
Suppose a te chnological i mprovement, i ndicated b y a n o utward sh iἀ  in  t he 
production p ossibilities f rontier, m oves t he e conomy f rom p oint B to p oint 
A on a h igher PPF. I f we a ssume t hat total welfare i ncreases w ith total con-
sumption, this move should be made under the Kaldor– Hicks test because total 
consumption (output) goes up. But social welfare declines as indicated by the 
move f rom t he social welfare f unction W3 to a l ower social welfare f unction 
W2. In economic arguments for growth, the separability principle is  extended 
to s ay t hat t he output m ix i s a p o liti cal a nd not a n e conomic problem. It i s 
claimed that effi  ciency is a “positive” goal, and the question of the mix of goods 
and p roductive in puts in volves “normative” j udgments. An   increase in  e ffi  -
ciency is a good thing because it is theoretically possible for  po liti cal authorities 
to redistribute the effi  ciency gains so that we could end up at point C o n the 
higher social welfare curve W4. In practice, the drive for  effi  ciency  almost al-
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Figure 6.4. Efficiency and social welfare: Efficiency trumps equity
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ways overrides equity. Applying the effi  ciency rule would dictate a move from 
point A not to point C but rather to point D on a higher PPF but an even lower 
social welfare curve W1. Output mix as well as income distribution, both ig-
nored by the PPI criterion, are essential elements of social welfare.

Why Is the Theor etical Cr itique Imp or t ant?
A common defense of Walrasian microeconomics goes something like this: 
“Of course we know all this. No one really believes that the real economy is 
characterized by the general equilibrium model we use to describe it. But it is 
good enough.” But this model is the intellectual foundation for f ree market 
policies. If it can be shown that the mathematical logic of the model does not 
support the fundamental theorems, then there is a crisis of confi dence prob-
lem for microeconomic theory. If we are no longer sure that the theoretical 
system generates a Pareto effi  cient outcome, what does this say about actual 
markets? Without the Walrasian core to appeal to, economic policies have to 
be argued case by case with hard empirical evidence about actual costs and 
benefi ts. It is no longer enough to set markets in motion and say that a socially 
optimal outcome will automatically be the result.

Exercise

Almost every introductory economic textbook has a discussion about the 
ineffi  ciency of a minimum wage for workers.

 1. Find such a discussion and list the underlying assumptions.

 2. Go to an economic literature search engine (or simply Google “minimum 
wage”) and classify the articles (or blogs) according to w hether they are 
for or against a minimum wage.

 3. Categorize t he g roups as to w hether t hey a re based on empirical evi-
dence or on Walrasian theory.

Is the Go al of Econo mic Efficiency “Scientific”  
or Is It an “Ideol o gy”?
Th e p olicy e ff ect o f t he de velopment o f t he v arious c urrents a nd co ncepts 
discussed in chapters 1– 5 was to focus economics on the concept of effi  ciency. 
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In the de cades aἀ er World War II the job of policy- oriented economists be-
came one of identifying market imperfections, or, in the language of some, 
fi nding “money on t he t able.” I f resources could b e d iverted f rom one u se 
to a nother a nd i ncrease total welfare (that i s, total e conomic output), t hen 
 everyone c ould ( potentially) b e b etter o ff . Th is wa s t he job o f cost - benefi t 
analysis, and it seemed to fi nally cast economics as a positive, value- free sci-
ence. But, as we have seen in this chapter, the theoretical justifi cation for 
identifying e ffi  ciency i mprovements, t he p otential P areto i mprovement, 
found ered on theoretical intractabilities. Economic effi  ciency can no longer 
claim to be an objective policy criterion.

Daniel Bromley (1990) argues that the claim for “effi  ciency” as a policy goal 
is based on ideology, not science. He uses the word “ideology” not in a pejora-
tive sense but rather in the sense of “a shared system of meaning and comprehen-
sion.” Effi  ciency is not an objective goal but rather an opinion based on t he 
system of beliefs embodied in the worldview of the Walrasian system. Bromley 
points out that a (probably unintended) consequence of Arrow’s theorem was 
to divert public policy from demo cratic deliberation to the market. Th e fi rst 
sentence in Arrow’s book Social Choice and Individual Values (1951) states: “In 
a c apitalist dem ocracy t here a re e ssentially t wo m ethods b y w hich s ocial 
choices can be made: v oting typically used to ma ke ‘po liti cal’ decisions, and 
the market mechanism, typically used to make ‘economic’ decisions” (quoted 
in Bromley 1990, 92). Th e competitive market, with a ll the built- in assump-
tions that term implies, was a r eliable mechanism to “ scientifi cally” allocate 
resources to their most effi  cient uses without resorting to the messy (and “in-
effi  cient”) pro cess of demo cratic debate (sometimes called “the decision- 
making approach”). But as we have seen above, the identifi cation of effi  ciency 
improvements (PPIs) not  on ly i s b ased on  du bious b ehavioral a ssumptions, 
but it is also plagued by internal inconsistencies in the Walrasian system.

Summary
In spite of mounting empirical evidence and a la rge body of theory demon-
strating t he l ogical i nconsistencies a nd em pirical sh ortcomings o f W al-
rasian welfare economics, this framework continues to do minate economic 
textbooks. H owever, l eading t heorists, i ncluding ma ny r ecent N obel P rize 
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winners in economics, have all but abandoned that framework. Judging from 
the contents of the leading economics journals, day- to- day work by applied 
economists is curiously disconnected from current work in mainstream eco-
nomic theory. A time lag between theoretical frontiers and everyday practice 
is normal in any science, but its consequences are severe in the case of eco-
nomic v aluation. C urrent U.S. p olicies o n cl imate cha nge a nd b iodiversity 
preservation, f or e xample, r ely h eavily o n w elfare e conomic m odels w hose 
 legitimacy d epends c rucially on questionable t heoretical formulations and 
on assumptions known to be wildly at odds with actual human behavior. 
Particularly problematic i s t he use of t he concept of a p otential Pareto im-
provement (PPI) as one of the major economic tools for evaluating alternative 
economic policies.

In a wa y A rrow’s i mpossibility t heorem su mmarizes t he pa radoxes d is-
cussed above. Th ere is no way to a ggregate the preferences of self- regarding 
individuals. Th e fatal fl aw in Walrasian theory is that it cannot handle interde-
pendencies among economic actors. Feldman (1987, 894) summarizes the un-
comfortable state of neoclassical welfare economics aἀ er Arrow’s theorem:

Where does welfare economics stand today? Th e First and Second Th eo rems are 
encouraging re sults t hat su ggest t he market me chanism has g reat v irtue: c om-
petitive equilibrium and Pareto optimality are fi rmly bound. But mea sur ing the 
size of the economic pie, or judging among divisions of it, leads to paradoxes and 
impossibilities summarized by the Th i rd Th eorem. And this is a tragedy. We feel 
we know, like Adam Smith knew, which policies would increase the wealth of na-
tions. But because of all our theoretic goblins, we can no longer prove it.

Perhaps the most important lesson for the theoretical literature in welfare 
economics is that we cannot do welfare economics without making interper-
sonal co mparisons o f u tility. Ma ny o f t he pa radoxes a nd i mpossibilities 
 embedded in Walrasian welfare economics a rise f rom t he attempt to a void 
interpersonal comparisons of utility. People are, in fact, other regarding, and 
we cannot accurately portray economic behavior without accepting this fact. 
Th is obs ervation do vetails w ith em pirical fi ndings from game theory and 
behavioral economics. Preferences a re socially constructed a nd behavior i s 
other regarding. Th is is the subject of the next chapter.
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Appendix
Arrow’s Impossibility Th eo rem

A f ormal (short v ersion) de fi nition o f t he Th ird F undamental Th e orem of 
Welfare Economics from the New Palgrave Dictionary of Economics is: “Th er e 
is no Arrow Social Welfare function that satisfi es the conditions of universal-
ity, Pa reto c onsistency, ne utrality- independence- monotonicity, a nd non-  
dictatorship.” A rrow’s t heorem i s s ometimes c alled t he paradox o f v oting 
and it can be illustrated as follows. Suppose we have three individuals (A, B, 
and C) with the following preferences for states of the economy (x, y, and z).

Rank

Person 1st 2nd 3rd

A x y z
B y z x
C z x y

Suppose we do t he “voting” in two stages. First we choose between x a nd y, 
and x is preferred to y by 2:1. Next we choose between y and z, and y is pre-
ferred to z by 2:1. Th is gives us the ranking in order of preference: x, y, z. But 
suppose we begin by choosing between x and z. In this case z is preferred to x 
by 2:1. Th en we choose between x and y, and x is preferred 2:1. Th is gives us a 
diff erent ranking: y, z, x.

Th e Microfoundations of Macroeconomics
Th e rise of Walrasian economics as a de scription of consumer and fi rm be-
havior combined with the notion of general equilibrium led naturally to us-
ing the same barter framework to describe entire economies. Th e model we fi rst 
saw in Chapter 1 o f individuals sitting around a t able directly t rading CDs 
became the preferred way to e xamine activity in regions, nations, and even 
the world economy. Th e concerns of classical economics— the distribution of 
income among economic classes or the long- term availability of natural re-
sources, for example— were forgotten altogether or shoehorned into the Wal-
rasian constrained optimization model. Th e utility function we saw in Chapter 
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1 b ecame a n a ggregate dema nd f unction a nd p roduction wa s  analyzed i n 
terms of aggregate supply. Th e applicability of marginal analysis to the mac-
roeconomy wa s la rgely u nexamined. C onsider t he i dea o f t he “ marginal 
product of labor” for the U.S. economy. What does it mean to e xamine the 
eff ect of adding a unit of labor to the  whole economy, keeping everything  else 
unchanged?

We can see how the barter economy model operates at the macro level by 
examining the quantity equation, the starting point for monetary econom-
ics, a s chool of t hought pop u lar ized by M ilton Friedman i n t he 1970s a nd 
1980s. Th e quantity equation is:

(6.1) M V ≡ PQ

Th e leἀ  side of the equation shows the amount of money spent in a year. M is 
the money supply and V is velocity, or the number of times a unit of money 
(a dollar or a Euro) is spent during a par tic u lar time period, usually one year. 
So MV is the total amount of money consumers spend on goods and ser vices 
in a year. Th e right side of the equation, PQ shows the value of goods sold in 
year. P is price of goods and Q is the physical quantity of goods. Th e equation 
is an identity because, obviously, the monetary value of goods sold must 
equal the monetary value of goods bought.

Monetarists made s ome strong assumptions about the quantity equation 
based on Walrasian economics. First, they assumed that the velocity of money 
was constant, that is, the proportions of money consumers decide to spend or 
save does not change appreciably over time. Second, they assumed that the real 
economy (the physical production of goods and ser vices) is unaff ected by the 
money supply. Th is is the no- money- illusion assumption imported into mac-
roeconomics. If these assumptions are true, then the only eff ect of a change in 
the money supply, M, is to change the price level, P. Two policy implications of 
the quantity equation, and these assumptions, are (1) monetary policy (chang-
ing the money supply) can have no eff ect on the real economic activity, and 
(2) infl ation is caused only by increases in the money supply (too many dol-
lars chasing too few goods).

Th e m onetarists u sed t he q uantity e quation to a rgue f or a “ hands- off ” 
economic policy on the part of governments. Th e only role of the monetary 
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authority should be to keep the money supply growing at the same (constant) 
rate as real output, Q— so there would be no infl ationary tendency. Monetar-
ism has fallen out of favor because, among other things, it has been shown that 
neither basic assumption of the quantity equation holds— V is not constant 
and t he real economy, Q, i s aff ected by cha nges in t he money supply, M. 
But the quantity equation (and monetary theory) is a g ood example of how 
macroeconomic theory and policies arise directly from the model of a simple 
barter economy and the assumptions economists make to jump from there to 
a market economy with money and prices.

Glossar y
Boadway paradox—When comparing alternatives, the one with the highest 
net gain is not necessarily the “best” one as judged by the Kaldor– Hicks com-
pensation test.

Cycling paradox—If a movement from one point to a nother in utility space 
can be shown to b e Pareto improving according to t he Kaldor– Hicks crite-
rion, then it may also be shown that a movement back to the original point is 
also Pareto improving.

General equilibrium—Economic equilibrium in a ll interrelated markets in 
the economy.

Hicksian income—Th e amount of economic product that is leἀ  for consump-
tion aἀ er a ll capital s tocks have been maintained intact. Some economists 
refer to t his as “wealth” or “wealth per capita.” It is GNP adjusted for exter-
nalities and capital (including “natural capital”) depreciation.

Homothetic utility functions—A homothetic utility function implies that along 
the expansion path of consumption, indiff erence curves will have the same slopes. 
Th e marginal rate of substitution between two goods does not change as income 
increases. Th e utility ma ximizing proportion of a ll goods consumed remains 
exactly the same as income increases.

Ideology o f e ffi  ciency—A term coined by Daniel Bromley to describe the 
mindset of economists who believe that the scope of economics is to identify 
potential Pareto improvements.
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Microfoundations—Th e application of Walrasian t heories of t he consumer 
and fi rm to the analysis of the macroeconomy.

Monetarism—A school of economic thought, led by the late Milton Fried-
man, that advocates minimal government involvement in economic life. Mon-
etarists argue that neither fi scal nor monetary policy is eff ective in stabilizing 
the economy or encouraging economic growth.

Paradox of voting—Arrow’s impossibility theorem.

Partial e quilibrium—Part of t he economy i s i n equilibrium w ithout refer-
ence to the rest of the economy. All prices and quantities outside that partial 
market a re a ssumed to b e co nstant a nd u naff ected b y cha nges w ithin t he 
partial market.

Positive e conomics—Th e v iew t hat e conomics sh ould b e ab out “ what i s” 
rather than “what ought to be.” Th is is the rationale for trying to avoid inter-
personal comparisons of utility.

Quantity equation—An equation for the macroeconomy showing the iden-
tity o f t he a mount o f m oney sp ent b y co nsumers a nd t he a mount m oney 
 received by producers (sellers) of t hose goods a nd s er vices. It i s w ritten a s 
MV ≡ PQ and is the basic equation of monetary economics.

Real economy—Th e physical production of goods and ser vices without refer-
ence to prices or money.

Velocity of money—Th e number of times a unit of money (a dollar or a Euro) 
is spent during a par tic u lar time period, usually one year.

Refer ences and Fur ther R eading
Overviews of Welfare Th eo ry

Bowles, S., and H. Gintis. 2000. Walrasian economics in retrospect. Quarterly 
Journal of Economics 115, 1411– 1439.

Chipman, J., and J. Moore. 1978. Th e new welfare economics 1939– 1974. 
International Economic Review 19, 547– 584.

Feldman, A. 1987. Welfare economics. In Th e New Palgrave Dictionary of 
Economics, vol. 4, ed. J. Eatwell, M. Milgate, and P. Newman. London and 
New York: Macmillan, 889– 895.



118  moder n welf ar e economics

Fisher, F. 1983. Disequilibrium Foundations of Equilibrium Economics. Cam-
bridge: Cambridge University Press.

Lockwood, B. 1987. Pareto effi  ciency. In Th e New Palgrave Dictionary of 
Economics, vol. 3, ed. J. Eatwell, M. Milgate, and P. Newman. London and 
New York: Macmillan, 811– 813.

Varian, H. 1992. Microeconomic Analysis, 3rd ed. New York: Norton.

Early Critiques of Welfare Th eo ry
Gorman, W. M. 1955. Th e intransitivity of certain criteria used in welfare 

economics. Oxford Economic Papers, new series, 7, 25– 35.
Samuelson, P. 1950. Evaluation of real national income. Oxford Economic 

Papers, new series, 2, 1– 29.
Scitovsky, T. 1941. A note on welfare propositions in economics. Review 

of Economic Studies 9, 77– 88.

More Recent Th e oretical Critiques
Albert, M., and R. Hahnel. 1990. A Quiet Revolution in Welfare Economics. 

Prince ton, NJ: Prince ton University Press.
Bromley, D. 1990. Th e ideology of effi  ciency: Searching for a theory of policy 

analysis. Journal of Environmental Economics and Management 19, 86– 107.
Gowdy, J. 2004. Th e revolution in welfare economics and its implications for 

environmental valuation. Land Economics 80, 239– 257.
Koning, N., and R. Jongeneel. 1997. Neo- Paretian welfare economics: Miscon-

ceptions and abuses. Wageningen Economic Papers, 05- 97, Wageningen 
University, Th e Netherlands.

Stiglitz, J., 1994. Whither Socialism? Cambridge, MA: MIT Press.
van den Bergh, J. C. M., and J. Gowdy. 2003. Th e microfoundations of macro-

economics: An evolutionary perspective. Cambridge Journal of Economics 27, 
65– 84.

Social Choice Th eory and Cost- Benefi t Analysis
Arrow, K. 1951. Social Choice and Individual Values. New Haven, CT: Yale 

University Press.
Boadway, R. 1974. Th e welfare foundations of cost- benefi t analysis. Economic 

Journal 47, 926– 939.
Brekke, Kjell. 1997. Th e numeraire matters in cost- benefi t analysis. Journal of 

Public Economics 64, 117– 123.



 the theor etical cr itique 119

Bryant, W. 1994. Misinterpretations of the second fundamental theorem of 
welfare economics: Barriers to better economic education. Journal of 
Economic Education, Winter, 75– 80.

Chipman, J. 1974. Th e welfare ranking of Pareto distributions. Journal of 
Economic Th eor y 9, 275– 282.

Chipman, J., and J. Moore. 1976. Why an increase in GNP need not imply an 
improvement in potential welfare. Kyklos 29, 391– 418.

Stavins, R., A. Wagner, and G. Wagner. 2002. Interpreting sustainability in 
economic terms: Dynamic effi  ciency plus intergenerational equity. Discus-
sion paper 02- 29, August. Washington, DC: Resources for the Future.

Suzumura, K. 1999. Paretian welfare judgements and Bergsonian social choice. 
Economic Journal 109, 204– 221.



Formidable criticisms of the behavioral assumptions of economic theory have 
been made for a century or more. Th orstein Veblen wrote this eloquent para-
graph about economic man in 1898.

Th e hedonistic conception of man is that of a l ightning calculator of pleasures 
and pain, who oscillates like a homogeneous globule of desire of happiness under the 
impulse of stimuli that shiἀ  him about the area, but leave him intact. He has neither 
antecedent nor consequence. He is an isolated, defi nite human datum in stable equi-
librium except for the buff ets of the impinging forces that displace him in one direc-
tion or another. Self- imposed in elemental space, he spins symmetrically about his 
own spiritual axis until the parallelogram of forces bears down upon him, where-
upon he follows the line of the resultant. When the force of the impact is spent, he 
comes to rest, a self- contained globule of desire as before. (Veblen 1898, 389– 391)

Criticisms like Veblen’s have had little eff ect on mainstream economics partly 
because they can be dismissed as “unscientifi c.” As long as the arguments about 

the behavioral critique of 
walrasian welfare economics

Utility cannot be divorced from emotion, and emotions are triggered 
by changes. A theory of choice that completely ignores feelings such 
as the pain of losses and the regret of mistakes is not only 
descriptively unrealistic, it also leads to prescriptions that do not 
maximize the utility of outcomes as they are actually experienced.

—Daniel Kahneman, “Maps of Bounded Rationality: Psychology for 
Behavioral Economics,” American Economic Review 93(5) (2003), 1457

7

Th is chapter was originally published in a somewhat diff erent form in John M. Gowdy, “Behavioral 
Economics and Climate Change Policy,” Journal of Behavioral Economics and Or ga ni za tion 68 (2008), 
632– 644. Reprinted with permission from Elsevier Publishers, Amsterdam.
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human behavior are based on “armchair theorizing” and not empirical evi-
dence about actual human behavior, criticisms can easily be ignored. But in 
recent de cades, behavioral research has f undamentally changed t he fi eld of 
economics by putting it on a fi rm experimental basis. In its early days, behav-
ioral economics concentrated on revealing various shortcomings of the stan-
dard model of economic choice. Recently, the fi eld has moved from merely re-
acting against the rational actor model to identifying behavioral regularities 
that might form the basis for a more realistic model of human decision mak-
ing. Experiments such as the Ultimatum Game and the Public Goods Game 
have e stablished a n umber o f r egularities i n h uman b ehavior, such a s loss 
aversion, h abituation, pu re a ltruism, altruistic p unishment, an d i ncon-
sistent d iscounting of t he f uture. Th ese behavioral patterns have been con-
fi rmed b y n eurological e xperiments sh owing h ow b ehavior i s r efl ected in 
brain activity.

Behav ioral Econo mics and Game Theor y
For ma ny years ga me t heory wa s one of t he ba stions of orthodoxy i n eco-
nomics. Th e classic textbook example of the inevitability of selfi sh behavior is 
the Prisoner’s Dilemma (PD). Th e setting for the PD game is this. Th e police 
have captured two people— the Gecko brothers, Seth and Quentin— suspected 
of committing a serious crime. Th e case against them is not strong, so a con-
fession is needed from at least one of them. Th e police put the two brothers in 
separate rooms and off er them the deal shown in Figure 7.1. If neither con-
fesses they get three years of prison time each. If they both confess they get 
four years each. If one confesses and the other does not, the confessor gets one 
year and the non- confessor gets six years. Th e way the game is framed, it is 
“rational” for Seth and Quentin to confess no matter what the other one does. 
Suppose S eth co nfesses; t hen Q uentin sh ould co nfess i n o rder to g et f our 
years instead of six. Suppose Seth does not confess; then Quentin should also 
confess in this case to get one year instead of three.

Th e same logic applies to S eth, who should a lso confess no matter what 
Quentin does. Th is is called a Nash Equilibrium (named for Nobel laureate 
John Nash), which occurs when each player’s strategy is optimal, given the 
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strategies of the other players. A player has a dominant strategy if that player’s 
best strategy does not depend on what other players do (as in the PD— always 
confess).

Th e theoretical result of the PD game, no cooperation, is based on the as-
sumption that there is no interaction between the two players. But in repeated 
PD games, people tend to cooperate. More surprisingly, even in one- shot anon-
ymous PD experiments, over one- half of the players cooperate (Field 2001). 
Among the fi rst two people to play the game in the 1950s  were the imminent 
economist and mathematician Armen Alchian and John Williams, a distin-
guished mathematician at the Rand Corporation. When they cooperated in 
the one- shot PD game John Nash remarked, “I would have thought them more 
rational” (quoted in Field 2001).

Another classic game t heory experiment is t he Ultimatum Game (UG), 
which has been one of the most important contributions to behavioral eco-
nomics. Like the Prisoner’s Dilemma game before it, the UG helped revolu-
tionize the way economists think about economic decision making. In this 
game, a l eader off ers one of t wo pa rticipants a c ertain su m of money a nd 
instructs t hat pa rticipant to sha re i t w ith t he s econd p layer. Th e second 

Seth

Confess Do not confess

Quentin

Confess

Do not confess 3 years each

 4 years each

6 years for Quentin
1 year for Seth

1 year for Quentin
6 years for Seth

Figure 7.1. The Prisoner’s Dilemma
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player can either accept the off er or reject it, in which case neither player gets 
anything. If the players behave according to the model of Homo economicus, 
the fi rst p layer sh ould o ff er t he m inimum a mount a nd t he s econd p layer 
should accept any positive off er. Results from the game show, however, that 
the  majority of proposers in Western countries off er between 40 and 50 per-
cent of the total and that off ers under 30 percent of the total are usually re-
jected because they are not “fair” (Nowak, Page, and Sigmund 2000). Th ese  
results have held up even when the game is played with substantial amounts 
of real money.

An extensive study using the UG game involved economists and anthro-
pologists who played the game in fi ἀ een diff erent cultures around the world 
(Henrich et al. 2001, 73). Th e authors of the study concluded: “Th e  canonical 
model of self- interested behavior is not supported in any society studied.” As 
mentioned above, UG results are consistent in advanced market economies 
in North A merican, Eu  rope a nd Japan. A mong other c ultures, such a s t he 
ones studied by Henrich and his colleagues, the results varied wildly depend-
ing on the social norms of the par tic u lar cultures studied. Among the whale-
 hunting Lamalera of Indonesia, 63 percent of the proposers divided the pie 
equally, a nd most of t hose who d id not, off ered more than 50 percent (the 
mean off er was 57 percent). In real l ife, a la rge catch, a lways the product of 
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cooperation a mong ma ny i ndividual  whalers, i s m eticulously d ivided i nto 
predesignated pa rts a nd c arefully d istributed a mong t he m embers o f t he 
community. Among the Au and Gnau of the New Guinea Highlands, many 
proposers off ered more than half the amount they had, and many of these 
“hyper- fair” off ers  were rejected! Th is  refl ects the Melanesian culture of status-
 seeking through giἀ  giving. Making a large giἀ  is a bid for social dominance 
in everyday life in these societies, and rejecting the giἀ  is a rejection of being 
subordinate.

Another standard ga me i s t he Public Goods (PG) ga me. Th is game has 
many variants but a t ypical version goes something like this: Th ere are ten 
players and they play the game for ten rounds. On each round each player is 
given the choice of depositing some amount of money (say 50¢) in “commu-
nity pool” or keeping a larger amount for himself (say $1). For each player in 
turn, if the player deposits 50¢ in the common pool, then all the players get 
50¢ each. So if all players are cooperative, then each player receives $5 per 
round (10 × 50¢) for a to tal of $50 at t he end of t he ten- round ga me. I f a ll 
players are selfi sh, they each only get $1 per round or $10 at the end of the 
game. Th e catch is that if one player acts selfi shly and the other players coop-
erate, the selfi sh player gets $5.50 per round (9 × 50¢ + $1) and all the others 
get $4.50 (9 × 50¢). So it pays to be a defector (free rider) not a cooperator. 
Standard welfare theory predicts that “rational” players would never coop-
erate a nd t hat each player would t ake $1 for h im- or herself st arting w ith 
round one of the game. But results of PG ga mes show much more compli-
cated behavior. Typically, the majority of players begin by cooperating but 
then they change their behavior to defecting when they see others being self-
ish. If the game is played many times, people build up a sense of trust and 
there is a  return to cooperation. If players are allowed to punish free riders 
by fi ning t hem, t he ga me u sually e volves to a co operative o utcome (for a 
summary of PG ga mes see Gi ntis 2000, chapter 11, a nd Fehr a nd Gächter 
2000a).

Results from the Ultimatum Game, the Public Goods game, and other game 
theoretic experiments show that, in a variety of settings and under a  variety of 
assumptions, other- regarding motives are a b etter predictor of behavior than 
those embodied in self- regarding Homo economicus. Humans regularly exhibit 
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a culturally conditioned sense of fairness, and they are willing to enforce cul-
tural norms even at economic cost to themselves. Cross- cultural UG experi-
ments also show that cultural norms vary greatly and that these norms dra-
matically a ff ect t he a verage a mount off ered i n t he ga me a nd t he r ates o f 
rejection (Henrich et al. 2001). Again, a striking result of UG experiments is 
that t he m odel o f r ational e conomic ma n i s n ot su pported i n a ny c ulture 
studied (Henrich et al. 2001, 73). Henrich and his colleagues summarize their 
fi ndings:

Recent investigations have uncovered large, consistent deviations from the 
predictions of the textbook repre sen ta tion of Homo economicus (Alvin E. Roth 
et al., 1991; Ernst Fehr and Simon Gächter, 2000[b]; Colin Camerer, 2001). One 
problem appears to l ie in economists’ canonical assumption that individuals are 
entirely self- interested: i n add ition to t heir own material payoff s, many experi-
mental subjects appear to care about fairness and reciprocity, are willing to change 
the distribution of material outcomes at personal cost, and are willing to reward 
those who act in a c ooperative manner while punishing those who do not , even 
when these actions are costly to the individual. (Henrich et al. 2001, 73)

It to ok s everal de  cades o f c arefully de signed, r epeatable e xperiments to 
expose rational economic man as an inadequate model of human behavior. 
Economists and behavioral scientists are now turning their attention to t he 
more diffi  cult but potentially more important task of constructing an alter-
native to Homo economicus based on observed patterns of human behavior.

Empir icall y Est ablis hed Beh av ioral P at ter ns
Experimental results from behavioral economics, evolutionary game the-
ory, and neuroscience have fi rmly established that human choice is a  social, 
not self- regarding, phenomenon (see the essays in Camerer, Loewenstein, 
and Rabin 2004). Two broad principles have emerged from the l iterature: 
(1) human decision making cannot be accurately predicted without refer-
ence to social context, and (2) regular patterns of decision making, includ-
ing responses to rewards and punishments, can be predicted both within 
par tic u lar cultures and across cultures. Recent research shows that prefer-
ences a re en dogenous, t hat i s, t hey de pend o n t he i ndividual’s p ersonal 
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history, i nteraction w ith o thers, a nd t he s ocial co ntext o f i ndividual 
choice. Several consistent patterns of endogenous preferences have been 
observed.

Loss Aversion
A w ell- documented b ehavioral pa ttern i s t hat p eople a re m ore co ncerned 
about avoiding losses t han t hey a re about acquiring ga ins (Kahneman a nd 
Tversky 1991; Knetsch and Sinden 1984). Th e explicit assumption in economic 
analysis is that only the absolute magnitude of the change matters, not the 
direction of the change. Consumers routinely violate this assumption as ad-
vertisers know well. Most people would prefer to buy an item listed at $105 
with a $5 discount than an item listed at $95 with a $5 surcharge, even though 
the price is the same in both cases ($100). Loss aversion is closely connected 
to the endowment eff ect.

Th e Endowment Eff ect
Th e h ypothesis t hat l osses a re syst ematically va lued m ore t han eq uivalent 
gains has been verifi ed in numerous experiments. It seems to be a psychologi-
cal law that people prefer to keep something they already have compared with 
acquiring something they do not have (Kahneman and Tversky 1979). Tests of 
the endowment eff ect have shown that it is not due to wealth eff ects, income 
disparities, strategic behavior, or transactions costs (Kahneman, Knetsch, and 
Th aler 1991). Dozens of experiments show that preferences depend on the di-
rection of the change, that is, whether people are paid to g ive up something 
they have or have to pay to get something they do not have (Knetsch 2007). 
Th e psychological model makes good predictions of economic behavior; the 
rational actor model does not.

Pro cess- Regarding Preferences
People care about pro cess as well as outcome. In designing economic policies, 
the pro cess of a rriving at a de cision may be as important for public ac  cep-
tance as the actual outcome itself. For example, results from the Ultimatum 
Game, (mean off ers a nd rejection rates) vary sig nifi cantly according to t he 
pro cess through which money is obtained and the way off ers are made. Off ers 
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are substantially lower if proposers win their position by doing well on a quiz 
(Hoff man et al. 1994). Rejection rates are much lower if respondents are told 
that the off ers  were generated by a computer. In the Prisoner’s Dilemma game, 
defection r ates a re sig nifi cantly higher if the game is referred to as the 
“Wall Street Game” rather than the “Community Game.” Results from these 
and numerous other st udies i n ga me t heory, experimental economics, a nd 
behavioral economics show that models that do not take into account social 
pro cesses such as community norms about fairness may lead to poor predic-
tors of economic behavior.

Time Inconsistency and Hyperbolic Discounting
Time consistency is critical to the standard economic assumption that bene-
fi ts delivered in the future should be discounted at a fi xed rate. But behavioral 
studies indicate that people discount the near future at a higher rate than the 
distant f uture, a nd t hey ha ve d iff erent d iscount r ates f or d iff erent k inds o f 
 outcomes (Frederick, Loewenstein, and O’Donoghue 2004). Anticipation has 
been found to be a positive thing in itself and may result in something in the 
future actually having a higher value. Th is  fi nding is relevant to environmen-
tal policies such as preserving national parks and other wildlife areas because 
individuals may enjoy them more in the future (aἀ er retirement, for example) 
and the anticipation of this is important.

Biased Cultural Transmission
Biased cultural transmission is a theory of innovation diff usion based on the 
observation that people imitate others whose actions they trust or respect. Peo-
ple use heuristics, mental shortcuts, and rules of thumb to ma ke otherwise 
complicated de cisions. B iased c ultural t ransmission may l ead to t he w ide-
spread adoption of e co nom ical ly i neffi  cient ways of doing t hings. By selec-
tively i mitating r espected i ndividuals, p eople ma y ensu re t hat i nnovations 
become established in a co mmunity whether or not the innovation is supe-
rior to others as determined by cost- benefi t calculations (Henrich 2003). Th e 
important f actor in  a doption i s t he inn ovation’s c onformance w ith e stab-
lished cultural patterns. Th is has far- reaching implications for the design of 
economic policies.
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Results from game theory and behavioral economics show that preferences 
are other regarding. People act to aff ect the well- being of others, positively or 
negatively, even at  signifi cant cost to t hemselves (Fehr and Gächter 2000a). 
A sense of fairness, including pure altruism, is a c ritical factor in economic 
 decisions. Th is is illustrated in various game theory experiments such as the 
Public Goods game in which participants are willing to impose, at great cost 
to t hemselves, punishments on non- contributors, even i n t he la st round of 
the ga me (Bowles a nd Gi ntis 2 002). Th ese k inds of b ehavior patterns have 
important consequences for judgments about human well- being and economic 
policy design.

The Evol ut ion a r y Ba sis of Hu man Beh av ior
Also relevant to the study of human decision making is a growing body of evi-
dence from (nonhuman) animal experiments. Th ese experiments show two 
important t hings. First, some social a nimals, such a s primates, a lso have a 
sense of fairness and a tendency to cooperate. Second, some “lower” animals 
may behave closer to the rational actor model than humans do. Th ey are self-
 regarding in  e valuating p ayoff s, t hey a re n ot su sceptible to t he sunk- cost 
 eff ect, and they apparently evaluate payoff s according to expected utility the-
ory. As discussed below, animal experiments show that human behavior has 
an evolutionary basis. Th ey also illuminate the uniqueness of human behav-
ior as occurring within a complex, socially constructed system. Ironically, it 
is not “rationality” that makes us human, but rather it is the “anomalies” un-
covered by behavioral science.

Th e Behavior of Social Animals
Melis, Hare, and Tomasello (2006) played a cooperation game with chimpan-
zees at the Ngamba Island Chimpanzee Sanctuary in Uganda. A feeding plat-
form with two metal rings was placed outside a testing room cage with a rope 
threaded t hrough t he r ings a nd t he t wo ends of t he rope i n t he te st room 
cage. If the chimpanzee(s) pulled only on one end of the rope, the rope passed 
through the rings and the food was not obtained. Only if two chimpanzees 
pulled together could the platform be pulled forward and the food obtained. 
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During repeated tests, the chimpanzees  were a llowed to r ecruit partners of 
their own choice, and they quickly learned to recruit those who  were the best 
collaborators. Kin selection is not involved because the chimpanzees at the 
sanctuary are unrelated orphans from the wild. Th e authors observe: “Th er e-
fore, r ecognizing w hen co llaboration i s n ecessary a nd de termining w ho i s 
the best collaborative partner are skills shared by both chimpanzees and hu-
mans, so such skills may have been present in their common ancestor before 
humans evolved their own complex forms of collaboration” (Melis, Hare, and 
Tomasello 2006, 1297).

As we have seen, there is no place for interactive behavior, including altru-
ism, in the basic Walrasian model. Economists also tend to be skeptical of altru-
istic behavior because of the free- rider problem. Free r iders can out- compete 
altruists by taking advantage of their generosity. In the standard welfare model 
they will always out- compete altruists. As an answer to this objection, Henrich 
and his colleagues (2006, 1767) propose that a ltruism arose in humans hand 
in h and w ith p unishing n oncooperators. A ltruistic p unishment— punishing 
 others for v iolating social norms even at cost to o neself— is one way humans 
deal with free riders and make cooperation work. Apparently, punishing those 
who do not cooperate actually stimulates the same plea sure centers in the brain 
that are activated by, for example, eating something sweet (Vogel 2004, 1131). 
Some evidence indicates that punishing behavior is present in chimpanzees. In 
one experiment, semi- wild chimpanzees  were fed at a r egular time only aἀ er 
all the chimpanzees in the compound came to the feeding station. Latecomers 
held up the feeding for all the chimps, and these stragglers  were punished with 
hitting and biting.

A sense of what is fa ir a nd what is unfair i s a lso present in our primate 
cousins. Brosnan and de Waal (2003) found that brown capuchin monkeys 
(Cebus paella) exhibit a strong aversion to inequity. In one experiment, mon-
keys rejected rewards for performing a simple task if they witnessed another 
monkey r eceiving a m ore de sirable r eward f or p erforming t he s ame t ask. 
Pairs of monkeys  were trained to exchange a small rock with a human experi-
menter in return for a p iece of cucumber. When one monkey saw the other 
receiving a more desirable reward (a grape), the fi rst monkey would not only 
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refuse to participate in further exchanges but would frequently refuse to eat 
the cucumber reward, sometimes even throwing it toward the human experi-
menter. Brosnon and de Wall (2003, 299) write: “People judge fairness based 
both on the distribution of gains and on the possible alternatives to a g iven 
outcome. Capuchin monkeys, too, seem to mea sure reward in relative terms, 
comparing their own rewards with those available, and their own eff orts with 
those of others.”

In ter ms o f st andard e conomic t heory, t he q uestion i s n ot w hether hu-
mans (or o ther a nimals) a re s elfi sh or a ltruistic but w hether t hey a re other 
 regarding. As shown in Chapter 1, if individuals evaluate their payoff s based 
on what others get, this violates the conditions for Pareto effi  ciency in the 
standard model. Other- regarding behavior may be altruistic, envious, or any 
other socially conditioned response to others. For example, researchers found 
that i n co operation ga mes w ith a n o pportunity to p unish, sub jects f rom 
 Belarus and Rus sia punished not only defectors but also strong cooperators 
(Vogel 2004)!

Are “Lower” Animals More Rational than Humans?
Th e view of the human rational actor as a highly evolved decision maker has 
also taken a blow from studies of animals with more limited cognitive ability. 
Regarding t he cla ims for human rationality, it i s i ronic t hat a la rge body of 
 evidence suggests that some lower animals act more in accordance with the 
economic model of rational choice than humans do. In a classic experiment, 
Harper (1982) tested the ability of a fl ock of ducks to ach ieve a st able Nash 
Equilibrium when fed balls of bread. Every morning two researchers would 
stand on the bank of the pond where the ducks  were and throw out fi ve- gram 
dough balls at diff erent intervals. Expected utility theory would predict that 
the ducks would distribute themselves between the two feeders in such a way 
that N1 / r1 = N2 / r2, where Ni is the number of ducks and ri is the expected 
(bread) payoff  f rom st anding i n f ront of one of t he feeders. S o i f t here a re 
thirty- three ducks participating and if one experimenter throws a fi ve- gram 
ball of dough every fi ἀ een seconds and the other experimenter throws a fi ve-
 gram ball of dough every thirty seconds, there should be twenty- two ducks in 
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front of the fi rst experimenter and eleven in f ront of the other. And in fact 
this is what happened. Th e ducks rearranged their numbers effi  ciently as the 
payoff s  were changed. Furthermore, when the experimenters changed the speed 
of throwing the dough balls, the ducks would quickly and effi  ciently readjust 
their numbers. Glimcher (2002, 329) writes:

One thing that was particularly striking about this result was the speed at w hich 
the ducks achieved this assortment. Aἀ er 90 seconds of breadball throwing, as few 
as ten breadballs have been dispersed. Long before half the ducks have  obtained 
even a single breadball, they have produced a precise equilibrium solution.

A w ell- known v iolation o f r ationality i s t he su nk- cost e ff ect. Ignoring 
 unrecoverable past expenditures is one the common admonishments for stu-
dents learning to “think like an economist,” that is to behave in a sophisti-
cated rational way (Frank and Bernanke 2004). But once again, actual human 
behavior consistently deviates from the rational actor ideal. A number of ex-
periments have demonstrated that human decisions are strongly infl uenced 
by sunk costs. It appears, however, that ignoring sunk costs is a characteristic 
of the behavior of lower animals but not of humans (Arkes and Ayton 1999). 
Fantino (2004) performed a simple investment experiment with college stu-
dents and pigeons. Both  were rewarded with money or food for pressing a com-
puter keyboard an undetermined number of times until an award was given. 
Pressing some of the keys resulted in an award whereas pressing others pro-
duced no reward. Th e experiment was designed to model a bad investment in 
which the chances of success diminished as the number of responses increased. 
Th e more times a key was pressed with no reward forthcoming, the less likely 
further p ressing w ould p roduce a n a ward. I n t he e xperiment, t he p igeons 
quickly switched from one key to another if an award failed to appear, whereas 
the students kept repeatedly pressing the same key— indicating that pigeons 
 were less susceptible than students to the sunk- cost eff ect. In another sunk- cost 
experiment, Maestripieri and Alleva (1991) tested the behavior of mother mice 
in defending their young, and they found that the aggressiveness of their de-
fensive behavior depended on the number of off spring in the litter rather than 
the amount of time invested in caring for them.
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Th e animal behavior literature, together with observations of human 
behavior, suggests that letting sunk costs infl uence decision making is a trait 
that must have something to do with uniquely human characteristics such 
as the presence of complex capital investments and complex institutions in 
human societies. It is sometimes argued that although individuals may 
 exhibit irrational behavior, such behavior can be corrected in groups (as in 
the rational expectations literature). In fact, research shows that groups are 
probably more susceptible to the sunk- cost eff ect than are individuals (Whyte 
1993).

Neur oscience Confirma tion  
of Beh av ioral R egul ar ities
A rapidly growing fi eld is neuroeconomics, that is, identifying regularities 
in brain activity corresponding to specifi c human economic decisions. Th ese  
neurological fi ndings may not add anything new to the cata log of behavioral 
patterns observed by behavioral economics, but they do show that they are 
more than anomalies. Th ese observed behaviors are not random mistakes but 
rather are a part of the neurological or ga ni za tion of the human brain.

Habituation
It has long been known that two groups of neurons, in the ventral tegmental 
and the substantia nigra pars compacta areas, and the dopamine they release 
are critical for reinforcing certain kinds of behavior (Glimcher, Dorris, and 
Bayer 2 005; S chultz 2 002). S chultz ( 2002) m ea sured t he ac tivity o f t hese 
 neurons while t hirsty monkeys sat quietly a nd l istened for a to ne t hat wa s 
 followed by a squirt of fruit juice into their mouths. Aἀ er a period of a fi xed, 
steady a mount of juice, t he a mount of juice was doubled w ithout wa rning. 
Th e rate of neuron fi ring went from about three per second to eighty per sec-
ond. As this new magnitude of reward was repeated, the fi ring rate returned 
to the baseline rate of three fi rings per second. Th e opposite happened when 
the reward was reduced without warning. Th e fi ring rate dropped dramati-
cally but then returned to the baseline rate of three fi rings per second.
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Th e Framing Eff ect
Consistency in choice is the hallmark of rational economic man, and it im-
plies that the evaluation of choices is unaff ected by the manner in which the 
choices a re f ramed. Th is view was challenged by Kahneman and Tversky 
(1979) in their formulation of “prospect theory,” that is, people evaluate changes 
in terms of a reference point. Th e “framing eff ect” means that the frame of 
reference may change according to how a par tic u lar choice is presented, and 
this will aff ect the payoff  decision. Th is  eff ect has been confi rmed in numer-
ous experiments, and it too seems to have a neurological basis. De Martino 
and h is co lleagues ( 2006) u sed f unctional ma gnetic r esonance i maging 
(fMRI) to look at the neurological eff ects of fr aming in  a  s imple e xperi-
ment. A g roup o f t wenty B ritish sub jects  were a sked to ch oose b etween 
identical outcomes framed diff erently. Th ey  were told that they would ini-
tially receive £50. Th ey then had to ch oose between a “ sure” option and a 
“gamble” o ption. Th e su re o ption wa s p resented i n t wo wa ys, ei ther a s a  
gain (say, ke ep £2 0 of t he £ 50) or a s a l oss (say, lose £ 30 of t he £ 50). Th e 
gamble option wa s presented i n t he s ame way i n b oth c ases— a pie cha rt 
showing the probability of winning or losing. People responded diff erently 
depending on how the question was framed, and this was refl ected in fMRI 
images. Diff erent parts of the brain l it up depending on how the question 
was framed.

Th e fact that the framing eff ect found in this experiment had a neurologi-
cal basis was confi rmed: “Our data provide a neurobiological account of the 
framing eff ect, both within and across individuals. Increased activation in the 
amygdale was associated with subjects’ tendency to be risk- averse in the Gain 
frame and risk- seeking in the Loss frame, supporting the hypothesis that the 
framing eff ect is driven by an aff ect heuristic underwritten by an emotional 
system” (De Martino et al. 2006, 686).

Th e n eural ba sis f or l oss a version wa s a lso co nfi rmed b y Tom a nd co l-
leagues (2007). Th ey found that in order for people to accept a fi ἀ y- fi ἀ y gam-
ble t he p otential ga in needs to b e t wice a s h igh a s t he p otential loss. Th ey  
discovered t hat t he brain regions t hat e valuated p otential ga ins a nd losses 
 were more sensitive to losses. Also, between- subject diff erences in loss aver-
sion refl ected between- subject diff erences in neural responses.
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Th re shold Eff ects
In a study of how rhesus monkeys respond in a color matching experiment, 
Schall and Th ompson (1999) found a correlation between neural fi ring rates 
and making a physical movement. Th irsty monkeys  were trained to stare at a 
cross in the center of a blank display. Th en a circle of eight spots  were illumi-
nated, seven in one color and the eighth in another. If the monkey moved 
his gaze to look at the “oddball” color he was rewarded with a squirt of juice. 
When the oddball color was identifi ed, neural fi ring rates began to i ncrease 
at the location in the brain encoding the oddball. Only aἀ er the neural fi ring 
rate p asses a n a pparently fi xed t hreshold d id t he m onkey m ove h is ga ze. 
Glimcher, Dorris, and Bayer (2005) postulate that the decision- making brain 
forms a kind of topological map that encodes something such as the relative 
expected gains of each possible choice. Actually making a choice (taking an 
action) depends on the strength of the signal relating to that par tic u lar action 
(the neural fi ring threshold).

Th e fi nding that some animals behave according to the rational actor model 
can be interpreted in very diff erent ways. Th e view is widespread that animal 
behavior justifi es the economic rational actor model. Gintis (2007, 7), for ex-
ample, argues that the assumption of choice consistency among humans is 
justifi ed by animal behavior: “Economic and biological theory thus have a nat-
ural affi  nity; the choice consistency on which the rational actor model of eco-
nomic theory depends is rendered plausible by biological evolutionary theory, 
and the optimization techniques pioneered by economic theorists are routinely 
applied and extended by biologists in modeling the behavior of a vast array 
of organisms.” Others take the view that animal studies show that the rational 
choice model is inappropriate to describe all but the simplest kinds of human 
decision making. Camerer, Loewenstein, and Prelec (2005, 55) write:

Our v iew i s t hat e stablishing a neu ral ba sis for s ome r ational c hoice principles 
will not necessarily vindicate the approach as widely applied to humans. . . .  Iron-
ically, rational choice models might therefore be most useful in thinking about 
the simplest kinds of decisions humans and other species make— involving per-
ceptual tradeoff s, motor movements, foraging for food and so forth— and prove 
least u seful i n t hinking about abstract, complex, long- term t radeoff s which a re 
the traditional province of economic theory.
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Far f rom describing h igher- order, complex human behavior, t he a xiom-
atic rational choice model strips away everything that makes humans unique 
as highly intelligent social animals. Nelson (2005, 264) puts it succinctly:

Defi ning economics as the study of rational choice, neoclassical economics treats 
human physical bodies, their needs, and their evolved actual psychology of thought 
and ac tion a s r ather i rrelevant. Th e not ion t hat humans a re c reated a s r ational 
decision- makers is, from a physical anthropology point of view, just as ludicrous 
as the notion that humans  were created on the sixth day.

Our very complex, other- regarding, altruistic, empathetic behavior is what 
makes humans u nique, a nd u nderstanding t his b ehavior i s t he ke y to f or-
mulating e ff ective e conomic p olicies ha ving co mplicated a nd l ong- lasting 
con sequences.

Why Does All This Ma t ter? The Imp or t a nce  
of Beh av ioral A ssumptions
At t he co re o f n eoclassical w elfare t heory i s t he r ational ac tor m odel o f 
 human behavior. Individuals act to maximize utility according to consistent, 
constant, well- ordered, a nd well- behaved preferences. I n t he r ational ac tor 
model, preferences are exogenous, that is, other individuals or social institu-
tions do not infl uence them. Th e argument for using individual preferences 
as the starting point is a p owerful one. It is a g ood thing for individuals to 
have what they want, and each individual is the best judge of what he or she 
wants. According to Randall (1988, 217), economists are “doggedly nonjudg-
mental about people’s preferences.” But are they? In fact, by forcing individual 
preferences through the narrow funnel of rational choice theory, economists 
are denying individuals a  whole range of choices falling under the rubric of 
endogenous preferences.

For example, in surveys of consumer preferences for environmental ser-
vices, information is collected that routinely violates the axioms of consumer 
choice theory. People express ethical concerns based on group norms (Fehr 
and Gächter 2000a; Gowdy and Seidel 2004), and considerable evidence ex-
ists that people value the medium and distant futures about the same (hyper-
bolic discounting) (Laibson 1997). But collected information about consumer 
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attitudes is fi ltered by economists through the axioms of consumer choice to 
fi t the stylized “facts” of neoclassical welfare economics (as shown in Figure 
7.2). Th us subjectivism and values enter economics in a non- explicit way that 
is more dangerous than making explicit value judgments.

Th ese  fi lters t ake a v ariety o f f orms. F or e xample, i n su rveys u sing t he 
 contingent valuation method (CVM), “protest bids” are very common. Th ese 
may be in the form of extreme bids of zero or infi nity. One reason for these bids 
is the existence of lexicographic preferences, that is, people may place absolute 
values on environmental preservation and refuse to make trade- off s between 
environmental features and money. Spash and Hanley (1995) found that ap-
proximately 25 p ercent of respondents in CVM surveys refused to co nsider 
the concept of trading income changes with changes in environmental qual-
ity. In many CVM surveys, these bids are excluded from the analysis thereby 
disenfranchising t hose respondents. A co mmon fi nding i s t he e xistence of 
lexicographic preferences. In this case people have an absolute preference for 
something a nd a re u nwilling to e xcept a ny subst itute f or t hat pa r tic u lar 
thing. A recent trend in CVM studies is to fi lter out lexicographic preferences 
by de signing su rveys to el icit ma rket- compatible r esponses. B id c ards, f or 
example, restrict choices in CVM surveys to a given set of off ers, thus forcing 
them to conform to the normative assumptions of the investigator. Willing-
ness to pay mea sures of the value of environmental goods are routinely used 
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Figure 7.2. Preference filtering in the Walrasian model
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even though a considerable amount of evidence shows the correct mea sure to 
use is the willingness to avoid losses.

Th e t heoretical a nd em pirical b reakthroughs de scribed i n t his cha pter 
and i n C hapter 6 a re b eginning to sig nifi cantly infl uence t he t heory a nd 
methods of economics. However, although economists rightly point out that 
mainstream t heorists have extended t he neoclassical paradigm far beyond 
the  limits o f t raditional w elfare a nalysis, t he l eading te xtbooks, a nd t he 
policy recommendations of most economists, continue to rely almost exclu-
sively on the basic framework of the Walrasian system. Th e prospects for a 
re orientation of economic theory and policy are discussed in the next two 
chapters.

Glossar y
Altruistic punishment—Th e willingness of economic actors to punish others 
who violate perceived social norms, even at substantial cost to themselves.

Biased cultural transmission—A theory of innovation diff usion based on the 
observation that people imitate others whose actions they trust or respect.

Contingent v aluation m ethod ( CVM)—Soliciting c onsumer p references 
 using sophisticated questionnaires and interviewing techniques. Th e design 
and i nterpretation o f C VM su rveys a re ba sed o n t he st andard e conomic 
model of rationality and consistency in choices.

Dominant strategy—A player’s best strategy that does not depend on what the 
other players do.

Endogenous preferences—Preferences that depend upon (are endogenous to) 
social norms.

Endowment eff ect—People prefer to keep something they already have com-
pared with acquiring something they do not have.

Exogenous preferences—Preferences that are in de pen dent of (exogenous to) 
social norms.

Framing eff ect—Changing the frame of reference may change the evaluation 
of choices.
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Free r ider—A s elfi sh i ndividual w ho t akes adv antage o f t he g enerosity o f 
others. Given the behavioral assumptions of the standard model, free riders 
will always drive out altruists in a competitive situation.

Habituation—Th e perceived positive or negative benefi ts of gains or losses, if 
repeated, tend to disappear over time.

Hyperbolic discounting—People tend to discount the future more heavily in 
the immediate future than they do in the distant future.

Lexicographic preferences—Th ese occur when a consumer infi nitely prefers 
one good to another. In this case a commodity bundle containing more of the 
lexicographic good will be preferred to any other commodity bundle. Substi-
tutability does not exist.

Loss aversion—People are willing to pay more to avoid the loss of something 
than they are willing to pay to gain something they do not have.

Nash Equilibrium—Occurs when each player’s strategy is optimal, given the 
strategy of the other players.

Neuroeconomics—Testing the eff ects of economic decision making on brain 
activity using fMRI imaging or other mea sures of neurological activity.

Prisoner’s Di lemma—Th e cla ssic ga me t heory e xperiment p urportedly 
showing t he i nevitability o f n oncooperative b ehavior w hen p layers c annot 
interact.

Pro cess- regarding preferences—People care about the pro cess through which 
an outcome is obtained as well as the outcome itself.

Sunk- cost eff ect—Letting u nrecoverable pa st e xpenditures i nfl uence the 
decision- making pro cess. Th is is “irrational” in standard theory.

Th re shold eff ect—In neuroscience experiments, actually making a choice 
(taking an action) depends on the strength of the signal relating to that par-
tic u lar action (the neural fi ring threshold). No action is taken until a certain 
threshold is reached.

Time inconsistency—People do not discount the future in a consistent way. 
People use diff erent discount rates for diff erent ranges of time.
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Ultimatum Game—One of the fi rst modern game theory experiments show-
ing the pervasiveness of other- regarding behavior (altruistic punishment).
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The Welf ar e Found at ions of Cost- Benefit An al ysis
Th e economic theory behind standard cost- benefi t analysis (CBA) begins with 
the basic assumptions about human preferences discussed in Part One of this 
book. Economic value arises solely from human preferences and these prefer-
ences are stable over time (Stigler and Becker 1977). It is the task of econo-
metricians to u ncover t hese h idden but st able preferences t hrough su rveys 
(such as the contingent valuation method) or by imputing prices for goods 
not directly tr aded in  markets ( hedonic p ricing). Th e object is to identify 
potential Pareto improvements so that public policies can be designed to cor-
rect these ineffi  ciencies (market failures). Whether or not market choices, or 
pseudo- market choices, identifi ed by CBA accurately refl ect what is “best” for 
society depends critically on the validity of the assumptions of the rational 
actor model.

cost- benefit analysis 
old and new

Benefi t- cost practice and policy analyses  were greatly improved 
when non- market, or non- pecuniary, values  were included— a 
change of relatively recent vintage, and still not universal. Th e 
evidence now suggests further improvements could be made by 
taking account of more realistic behavioral assumptions in valuing 
gains and losses.

—Jack Knetsch, “Gains, Losses, and the US- EPA Economic Analyses 
Guidelines: A Hazardous Product,” Environmental & Resource Economics 
32 (2005), 110

8

Th is chapter was originally published in a somewhat diff erent form in John M. Gowdy, “Toward an 
Experimental Fou ndation for B enefi t-  Cost Analysis,” Ecological Eco nomics 63 ( 2007), 6 49– 655. 
Reprinted with permission from Elsevier Publishers, Amsterdam.
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My teacher Nicholas Georgescu- Roegen compared this pro cess to 
 Michelangelo’s view that his statutes  were already inside the marble blocks 
he b egan w ith— it wa s h is job m erely to u ncover t hem. L ikewise, i n t he 
minds of many econometricians, if there is some disparity between observed 
behavior and the Homo economicus ideal (for example, unstable preferences, 
other- regarding behavior, time inconsistency) it must be because we are using 
the wrong tools to uncover the “real” preferences we know are out there.

CBA estimates cha nges in economic welfare using t he Ma rshallian con-
cept of consumer surplus as d iscussed in t he appendix to C hapter 5. Th ese  
are market- based values that include both income and substitution eff ects. As 
we s aw, cha nges i n r eal i ncome c an c ause d istortions i n e stimated ga ins 
and losses. Recall the discussion in Chapter 5 of the three mea sures of welfare 
changes: co nsumer s urplus, eq uivalent va riation, a nd co mpensating va ria-
tion. Th e t heoretical j ustifi cation f or u sing co nsumer su rplus i n CB A i s 
that, based on equation (5.1) (E11 = E11 (utility held constant) − α1 E1M), if the bud get 
share of the good (α1) and/or its income elasticity (E1M) is small, then there 
should be little or no diff erence b etween co nsumer su rplus ( mea sured b y 
market p rices) a nd t he t wo i ncome- adjusted ( Hicksian) w elfare m ea sures. 
CBA advocates argue that for most goods this is likely to be the case (the clas-
sic paper making this point is Willig 1976).

A tel ling em pirical c riticism o f t he e quivalence- of- welfare- measures a rgu-
ment is that observed diff erences b etween t he v arious w elfare m ea sures a re 
enormous. In contrast to the standard argument as to the unimportance of dif-
ferences b etween co mpensating (willingness to pa y f or a ga in, o r W TP) a nd 
equivalent variations (willingness to ac cept a loss, or WTA), the evidence sug-
gests that people evaluate the loss of a good or ser vice (WTA) much higher than 
they do the gain of that same good or ser vice (WTP). Ratios of WTA / WTP in 
actual studies, some using real money, range from 1.4 to 61.0 (Brown and Greg-
ory 1999). A likely explanation of this discrepancy is the behavioral regularities, 
including loss aversion and the endowment eff ect, discussed in the last chapter.

Nevertheless, if we can use the consumer surplus mea sure, and we assume 
that well- being can be equated with (properly adjusted) mea sures of income, 
then the goal of CBA is to identify changes in resource allocation that increase 
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total income, even if some people are made worse off . Most policy recommen-
dations based on CBA focus on correcting relatively small (marginal) market 
imperfections.

Assumptions Embedded in Walrasian Cost- Benefi t Analysis

 1. Individuals a re r ational a nd co nsistent i n t heir ch oices, a nd t hese 
choices can be revealed by economic analysis.

 2.  Th e socially best (more effi  cient) outcome is the sum of all the individ-
ual choices.

 3. Market outcomes are reasonable indicators of the best (most effi  cient) 
use of scarce resources and represent a r easonably fa ir distribution of 
economic output.

 4. When economic analysis reveals preferences diff erent from market out-
comes, this is an indication of market failure.

 5. According to t he S econd Fundamental Th eorem, market failures can 
be corrected by appropriate public policies.

Th e theoretical a rguments a gainst st andard CB A a re t hose d iscussed 
in Chapter 6 pointing out the inconsistencies in identifying potential Pareto 
improvements— the cycling problem, the Boadway paradox, and in general, 
the impossibility of drawing general equilibrium conclusions from partial equi-
librium statements. Th e behavioral arguments against conventional CBA are 
discussed in the next section.

Cost- benefi t analysis is one of the cornerstones of modern policy analysis. 
Over the years one of the major contributions of economics to public policy 
has been to u se CBA to a pply basic concepts such a s opportunity cost , effi  -
ciency, and consumer sovereignty to de cisions involving the expenditure of 
public f unds. A n e xamination o f CBA sh ows b oth t he p ower o f e conomic 
reasoning and the limitations imposed on that reasoning by the assumptions 
of Walrasian welfare theory. In recent years, due both to the revolution in eco-
nomic theory and to growing public distrust of CBA, the technique has come 
under i ncreasing s crutiny ( Ackerman a nd H einzerling 2 004; Re vesz a nd 



146  moder n welf ar e economics

Livermore 2008). Applications of CBA have been most successful in cases 
 involving specifi c, relatively small- scale projects. Current controversies sur-
rounding CBA have a risen for t he most pa rt f rom i ts e xtension to i nclude 
public policy decisions involving much longer time frames and much larger 
geographic scope.
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The Beh av ioral Cr itique of Tradition al CB A
As w e s aw i n cha pters 6 a nd 7, adv ances i n e conomic t heory a nd a g row-
ing bod y of be havioral fi ndings call into question many of the underlying 
assumptions of the standard approach to economic valuation. Th e major 
points of departure between the assumptions of conventional CBA and the 
fi ndings of contemporary behavioral economics are these:

Increasing Income May or May Not Increase Well- Being
Conventional CBA assumes that income is a r easonable mea sure of welfare 
(utility or well- being). Th e fi nding that income is not a good proxy for happi-
ness has long been a topic of interest to economists, inspired by the pioneer-
ing work of Easterlin (1974) a nd others. Mea sures of subjective well- being 
show consistently that, past a certain fairly low level, increasing income does 
not lead to permanent increases in well- being. Real per capita income in 
the United States has increased sharply in recent de cades but reported happi-
ness has slightly declined. Studies of individuals also show a lack of correla-
tion between increases in income and increases in happiness (Frey and Stutzer 
2002). Past a cer tain income level, only relative income contributes to well- 
being, and beyond that level, as incomes go up everyone is on a zero- sum 
treadmill.

Recent work on the economics of well- being uses a direct mea sure of sub-
jective utility as an a lternative to p er capita gross domestic product (GDP). 
Current work in quality of life indicators has resulted in theoretically sound 
mea sures of subjective well- being and suggests a much more robust approach 
to economic accounting for public policy than merely modifying existing 
income- based mea sures of social welfare. A number of economists advocate 
using mea sures of subjective well- being as an indicator of social welfare, and 
the object of public p olicy, r ather t han p er c apita GDP (Layard 2 005). Th e 
implication of the well- being literature for CBA is that estimated increases in 
income resulting from a public project may not indicate an increase in well- 
being. Monetary estimates of market- based costs and benefi ts capture only a 
part of the picture (Spash 2007).
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Loss Aversion
Th e fi nding that people are loss averse— people place a higher value on losing 
something they have than they do on gaining something they do not have—
 is well established (Knetsch 2005). Yet conventional CBA assumes that values 
are determined in de pen dently of a reference state. Th is is especially problem-
atic when it comes to placing values on environmental features. Because most 
environmental valuation policy problems involve losses, this approach leads 
to a s ystematic bias toward undervaluing environmental features. Estimat-
ing t he value of environmental quality to f uture generations a lmost a lways 
involves l osses ( loss o f cl imate st ability, n onrenewable r esources, cl ean a ir 
and water). Loss aversion implies that if environmental protection polices are 
to respect human preferences then these polices should err on the side of cau-
tion. Th e precautionary principle was originally based on considerations of 
uncertainly and i rreversibility. It i s a lso justifi ed by evidence from experi-
mental economics.

Th e Psychology of Discounting
Discounting the future makes perfect sense for relatively short- term individ-
ual de cisions i nvolving m oney. F or s everal r easons, i ncluding i mpatience, 
opportunity cost, and risk, for an individual making a decision today, receiv-
ing $100 today is better than receiving $100 a year from now. Discounting 
is also appropriate, for example, in the case of a l ocal government deciding 
whether or not to build a new community center or to sp end the money on 
highway improvements. But as we extend our time frame of reference, and as 
we broaden our policy considerations, discounting is more and more prob-
lematic. In the case of global climate change, catastrophic consequences oc-
curring a hundred years or more in the future are inconsequential in terms 
of their present discounted value. In this case, as in the case of many other kinds 
of environmental damages, uncertainties multiply as we go farther into the 
future (Weitzman 2007b).

For long- term decisions involving risk and uncertainty, the way discount-
ing is applied in traditional CBA is at odds with experimental results show-
ing how people ac tually d iscount t he f uture. Traditional CBA uses a si ngle 
straight- line discount rate for everything from local development projects to 
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evaluating far- in- the- distant- future eff ects of global cl imate change. Behav-
ioral experiments have revealed t hat people use d iff erent d iscount rates for 
diff erent circumstances. For example, under many circumstances, people dis-
count the near future at a higher rate than the distant future (Laibson 1997). 
People a lso use d iff erent discount rates for diff erent k inds of things (Gintis 
2000). Money in a bank account is discounted diff erently than a scenic view, 
a happy life, or the future well- being of the human species. Anticipation may 
be a positive thing in itself so that something in the future may have a higher 
value than at the present. For example, preserving national parks and other 
wildlife areas is important because people anticipate using them in the fu-
ture (aἀ er retirement, for example). Applying standard discount rates yields 
inappropriate estimates of future value in these cases (Weitzman 1998).

Th e Value of Gains and Losses Depend upon Social Context
In standard CBA, individual preferences are in de pen dent and additive. Social 
benefi ts and costs are typically calculated as the sum of the benefi ts and costs 
to individuals. Th ese estimates assume t hat people care only about absolute 
income and not their income relative to others. By contrast, as discussed in the 
last chapter, experimental results show that economic behavior is based on 
preferences that are dependent upon social context and the relationship of indi-
viduals to o thers. Th is has been demonstrated in behavioral, game theoretic, 
and neurological experiments (Gintis 2000). Other- regarding behavior includes 
reciprocity, in e qual ity aversion, pure altruism, spiteful or envious preferences, 
and a ltruistic p unishment. S uch p references a ff ect ba sic e conomic b ehavior. 
Th e implication for CBA of the relative income eff ect is that the benefi ts of a 
policy that raises the incomes of everyone might be overestimated in standard 
theory.

Th e Incommensurability Problem
Incommensurability refers to things that do not share a common standard 
of m ea sure. A s w e s aw i n P art On e, Walrasian t heory a ssumes t hat t here 
is some common denominator (utility) against which all things can be com-
pared. When the theory is extended to market exchange, price is assumed 
to be the common denominator and an indicator of utility. Putting a price 
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on e verything t hat g ives w ell- being (value) to a p erson i mplicitly ma kes 
everything subs titutable. B ehavioral research a nd e conomic su rveys have 
shown that lexicographic preferences are widespread— there are many things 
that people a re not  w illing to part w ith regardless of  t he pr ice off ered for 
them. Th is i s a pa rticularly i mportant i ssue i n t he c ase of environmental 
features.

Purely monetary mea sures of costs and benefi ts tend to o verestimate the 
costs of implementing regulatory policies and underestimate the value of the 
benefi ts of those policies. Ackerman and Heinzerling (2004) looked at three ex-
amples of regulatory success— the removal of lead from gasoline, protecting 
the Grand Canyon from hydroelectric dams, and the regulation of workplace 
exposure to vinyl chloride— and found that none of them would have passed 
a conventional benefi t- cost test.

Cost- Benefit An al ysis, Sust ain abilit y, 
and the Econo mics of Clima te Ch ange
Th e potential problems raised by critics of standard CBA— incommensurability, 
irreversibility, uncertainty, non- marginal impacts— are magnifi ed in the case 
of climate change. Before we examine the CBA of climate change, we should 
fi rst look at how welfare economics is applied to t he issue of sustainability. 
Th e conventional economic defi nition of sustainability is called weak sustain-
ability, and it begins with the Walrasian welfare optimizing equation:

(8.1) W (t) = ∑[C(t)] (1 + r)−t

where “total welfare” W(t) is defi ned as per capita consumption over time C(t) 
(total economic output) maximized over all feasible consumption paths C(t). 
W(t) is a broadly defi ned welfare function that includes both direct and indi-
rect consumption, t is a specifi c time period, and r is the social discount rate. 
Th e economic or “weak” defi nition of intergenerational sustainability is:

(8.2) dW(t) / dt ≥ 0

A su stainable e conomy e xhibits dy namic e ffi  ciency a nd a n on- declining 
stream of social welfare over time. Th e problem of “sustainability” is reduced 
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to allocating resources so as to smooth consumption over time. Th e Hartwick– 
Solow r ule for weak sustainability is that an economy is sustainable if it 
maintains t he c apital sto ck n ecessary to su stain co nsumption o ver t ime. 
Capital stock is classifi ed as either natural, manufactured, or human capital, 
as shown in Figure 8.1. Th e key assumption for weak sustainability is substi-
tutability between the various kinds of capital. It is permissible (even desir-
able) to d raw down natural capital a nd convert it  to manufactured c apital 
(converting a rain forest into a chain saw factory, for example) as long as this 
increases the discounted fl ow of economic output (per capita income). Again, 
the way the problem is framed in this system, the sole objective is to ma xi-
mize the discounted fl ow of income over time.

Th ere are many criticisms of this approach to sustainability. First, as we 
have s een, t heoretical d iffi  culties e xist i n de termining w hether a cha nge 
in welfare, dW(t) / dt, is positive or negative using standard welfare methods. 
Second, equating the well- being of a society with per capita consumption is 
problematic (Frey and Stutzer 2002; Layard 2005). Th ird, ignoring the long- 
term biophysical requirements for sustainability is questionable. Finally, the 
standard welfare approach assumes commensurability. Biodiversity, climate 
stability, and all other features of the biophysical world are put on the same foot-
ing as ordinary market goods. Everything is subst itutable and available for 
trade.

Net national product

Natural capital Manufactured
capital

Human
capital

Figure 8.1. Weak sustainability
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An al ternative t o w eak s ustainability i s strong su stainability, wh ich 
means sustaining the ability of natural capital (natural resources and the earth’s 
life su pport s ystems) to ma intain h uman ac tivity. St rong su stainability i s 
more diffi  cult to defi ne than weak sustainability, but it recognizes the need 
for public policy to regulate the ultimate sources of economic inputs (renew-
able and nonrenewable resources) and the fl ow of waste that are an inevitable 
result of economic activity (Daly 1977). Th e debate over global climate change, 
and p olicies to de al w ith i t, ha s b rought i nto sha rp f ocus t he co mplexity 
of t he su stainability q uestion a nd t he w eakness o f t he st andard e conomic 
approach.

Climate Change Economics
A co nsensus ha s em erged a mong s cientists a nd p olicy ma kers t hat g lobal 
warming represents a major threat to the environment and to the well- being 
of humankind and the biosphere (Intergovernmental Panel on Climate Change 
2007; Stern 2007). During t he past century, t he average g lobal temperature 
has risen by about 1°C, with much of that increase due to fossil fuel burning 
and deforestation. Th e rate of increase has accelerated during the past twenty 
years or so as the human impact has begun to do minate natural pro cesses. 
Global temperatures are projected to i ncrease further by between 1.4°C and 
5.8°C by 2100 and to continue to rise long aἀ er t hat. Scenarios of the likely 
consequences of such an increase diff er subst antially a mong regions but i n-
clude sea level rise, shortages of fresh water, increased droughts and fl oods, 
more f requent a nd i ntense forest fi res, more  i ntense s torms, more  e xtreme 
heat episodes, agricultural disruption, the spread of infectious diseases, and 
biodiversity loss.

In October 2006, the British Trea sury published the Stern Review on the 
Economics of Climate Change (Stern 2007). Because of the increasing urgency 
of t he cl imate cha nge i ssue, a nd t he p restige o f i ts l ead a uthor, t he Stern 
 Review r eceived e xtensive p ress co verage a nd la unched a n o ngoing deba te 
about the role of economic analysis of issues involving very long time hori-
zons and pure uncertainty. Th e release of the Stern Review may prove to b e 
one of those pivotal events in intellectual history that provokes a sea change 
in the way a problem is framed and evaluated. At fi rst the debate took place 
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within t he st andard g eneral e quilibrium f ramework o f co ntemporary e co-
nomics and centered on t he “proper” d iscount rate to a pply to f uture costs 
and benefi ts of cl imate cha nge m itigation. A s t he debate progressed, i t be-
came clear to many that there  were more problems with the standard eco-
nomic approach to climate change than the choice of a discount rate.

Th e most widely used economic models of climate change, including those 
of Nordhaus (1994) and Stern (2007) examine climate as a p roblem of a llo-
cating c onsumption o ver tim e w ithin t he w eak s ustainability fr amework 
 discussed ab ove. I n e conomic ja rgon, a su stainable e conomy e xhibits dy -
namic effi  ciency and a non- declining stream of maximized discounted social 
welfare over time. Th e rate at which future costs and benefi ts is discounted is 
determined by three pa ram e ters: the social rate of time preference (Δ), t he 
elasticity of consumption (Δ), and the rate of growth of per capita consump-
tion (g).

(8.3) r = Δ + ηg

Over long time periods, in the Walrasian framework, the estimated costs 
and benefi ts of climate change mitigation are driven by the choice of a dis-
count rate. A low discount rate (as in Stern 2007) leads to cost- benefi t results 
favoring i mmediate a nd subst antial e xpenditures o f r esources o n cl imate 
change mitigation. A higher discount rate (Nordhaus 1994) leads to cost- benefi t 
results indicating that only moderate mitigation polices are needed. Within 
the st andard cl imate cha nge m odels t he t hree co mponents o f r de termine 
how responsible we are for decisions today that increase our well- being at the 
expense of future generations. Th e higher the discount rate, the less value we 
put on our negative impacts on those living in the future.

It is instructive to examine in detail the factors included in the discount 
rate in equation (8.3) and the arguments over their appropriate values. Th e 
rate of pure time preference (Δ) is a mea sure of the value of the well- being of 
future generations seen from the perspective of those living today. A positive 
value for Δ means that, all other things being equal, the farther into the fu-
ture we go, the less the well- being of persons living there is worth to us. Th e 
higher the value of Δ, the less concerned we are about negative impacts in 
the future. A large literature exists arguing for a variety of diff erent values for 
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pure time preference, but it has become clear that there is no empirical way to 
determine the value of Δ. Choosing the rate of pure time preference comes 
down to a question of ethics, and there is scant evidence that the discussion 
about which discount rate to u se has moved toward resolution over the last 
century. Ramsey (1928, 261) asserted eighty years ago that a positive rate of pure 
time preference was “ethically indefensible.” On the other side of the debate, 
Pearce and colleagues (2003) took the position that a positive time discount 
rate is an observed fact because people do in fact discount the value of things 
expected to b e received in t he f uture. But even i f we agree to u se a ma rket 
rate, which market rate should be used? Portney and Weyant (1999, 4) point 
out that “those looking for guidance on the choice of discount rate could fi nd 
justifi cation [in the literature] for a rate at or near zero, as high as 20 percent, 
and any and all values in between” (quoted in Cole 2008). Frederick, Loewen-
stein, a nd O’Donoghue (2004) report empirical e stimates of d iscount r ates 
ranging f rom −6 p ercent to 9 6,000 p ercent! A nother objection i s t hat U.S. 
market i nterest r ates a re t ypically u sed, b ut w hy sh ould t hese r ates b e t he 
norm? Climate change aff ects the entire world’s population, including those 
from cultures with very diff erent ideas about obligations to the future.

Th e other important factor in determining how much we should care about 
the future is how well off  t hose in t he f uture are l ikely to b e. Th e standard 
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economic model equates well- being with consumption and, as shown in equa-
tion (8.3), characterizes the material well- being of future generations using two 
components, the growth rate of per capita consumption in the future (g) and 
the e lasticity o f c onsumption ( η). Th e ela sticity o f co nsumption sh ows t he 
 percentage change in well- being arising from a percentage change in the level 
of consumption. If η is equal to 1, corresponding to a logarithmic utility func-
tion, then 1 percent of today’s income has the same value as 1 percent of income 
at some point in the future. So if per capita income today is $10,000 and income 
in the year 2100 is $100,000, $1,000 today has the same value as $10,000 in 2100. 
A $1,000 sacrifi ce today would be justifi ed only if it added at least $10,000 to 
the average income of people living in the year 2100 (Quiggin 2007). Th e higher 
the v alue o f η, t he h igher t he f uture payoff  must b e for a s acrifi ce today. A 
 number of assumptions are buried in the term η. For example, it is assumed 
that η is in de pen dent of the level or the growth rate of consumption.

A high value for η would seem to take the moral high ground— a given loss 
in income has a greater negative impact on a poor person than a rich person. 
A 10 percent loss of income to an impoverished person in Bangladesh is given 
more weight than a 10 percent income loss for a wealthy Eu ro pe an. But if we as-
sume, as most economic models do, that per capita consumption g continues 
to grow in the future, a higher η means a higher value for ηg and the less value 
we place on income losses for those in the future. Assuming a near- zero value 
for Δ and that η = 1 (as in Stern 2007) means that the discount rate (r) is deter-
mined by projections of the future growth rate of consumption, g.

Th e upshot over the sometimes heated debate over the value of the compo-
nents of the discount rate, as described in equation (8.3), is that there is no ob-
jective, scientifi c answer to which par tic u lar values of these pa ram e ters should 
be used. Sound economic analysis is a combination of collecting and evaluating 
evidence and making explicit value judgments about that evidence.

Clima te Ch ange and the Limits  
of Walra sian Econo mics
Th e Stern Review moved economic analysis forward in several ways. First, it 
laid ba re t he a rbitrariness o f ma ny o f t he a ssumptions buried i n st andard 
econometric models. Second, it brought to t he forefront the ethical content 
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of all economic models. Although most of the discussion of the Stern Review 
has c entered o n t he e conomic m odeling, m ost o f t he 700- page r eport d is-
cusses the science of climate change and the moral responsibility of humans 
toward the natural world and each other. Th ir d, the Stern Review laid out in 
a clear a nd concise way t he s eriousness of t he e conomic, biophysical, a nd 
social consequences of ignoring climate change.

Th e climate change debate has shown that the question of our obligation 
to future generations is a mater of ethics and best guesses as to the magnitude 
of the future consequences of climate change. Th is realization had led several 
prominent economists to question the ability of standard economic analy-
sis to a nalyze p roblems i nvolving t he w ell- being o f d istant g enerations i n 
the face of pure uncertainty and irreversible environmental changes. Quig-
gin (2007, 18) w rites of t he economic a nalysis of cl imate cha nge: “ Th e real 
diffi  culty  here i s t hat we a re pushing economic a nalysis to i ts l imits, i n a n 
area where fundamental problems, such as the equity premium puzzle [,] re-
main unresolved. Economists can help defi ne the issues, but it is unlikely that 
economics can provide a fi nal answer.” Another leading environmental econo-
mist, Martin Weitzman, sees the Stern Review as “an opportunity for econo-
mists to take stock of what we know about this subject, how we know it, what 
we don’t know, and why we don’t know it” (Weitzman 2007a, 703).

Th e v iews of Quiggin and Weitzman suggest a sig nifi cant reformulation 
of t he role of e conomic a nalysis i n t he public p olicy debate. I n t he c ase of 
climate cha nge, we a re i n a si tuation where t he cost s of m itigation may be 
large b ut t he cost o f i naction i s p otentially i nfi nite, na mely a c atastrophic 
reor ga ni za tion of the earth’s climate and biosphere and the possible extinc-
tion of our species. It is likely that the magnitude of damages from the mega-
 greenhouse will be so great as to lie outside the marginal eff ects on GDP that 
have been the focus of traditional models. Th e Stern Review debate highlights 
the importance of recognizing the l imits of standard science, not only eco-
nomics, i n de aling w ith si tuations i nvolving la rge u ncertainties ab out t he 
possibility of catastrophic f uture events. In Weitzman’s v iew, t he economic 
analysis of global warming should be seen as a problem not of smoothing 
consumption over t ime but r ather o f de termining how much i nsurance to 
provide to avoid a small chance of ruinous catastrophe.
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Cost- Benefit An al ysis and the Exp ans ion  
of Econo mic Theor y and P olicy
Th e above considerations do not imply that economic calculations of benefi ts 
and costs are unimportant. Nor do t hey imply that income is unimportant, 
or that only relative position matters, or that basic economic concepts such 
as opportunity costs, individual choice, and the importance of incentives are 
of no value. But as economists, we should pay more attention to our own ad-
monishment that the starting point of analysis should be individual prefer-
ences. A ssumptions ab out preferences a nd preference formation sh ould b e 
based on scientifi c evidence about how humans actually behave, not on ex-
pectations of how people should act in the stylized world of Walraisan gen-
eral equilibrium theory. Economics is maturing rapidly as a science, and new 
theoretical developments and current empirical research should be incorpo-
rated in CBA. On this point there seems to be a convergence between main-
stream economic theory and the more critical heterodox approaches. Hanley 
and Shogren (2005, 28) have expressed the need to incorporate contemporary 
experimental economics into cost- benefi t analysis.

Great v alue w ill e xist, h owever, i n de veloping a re alistic ye t f ormal b ehavioral 
underpinning f or a re vised CB A p rocedure/paradigm w hich rel axes t he ne o- 
classical straightjacket that has become uncomfortable for those who study envi-
ronmental problems. Th is might be based on a mo re fl exible, and therefore per-
haps context- specifi c model of rational choice, where “rational”  here means rational 
for both the individual operating within active and passive institutional contexts.

CBA wa s originally de signed a s a p ragmatic way to e xamine real- world 
tradeoff s, not a u niversal blueprint to ma ximize social welfare in a g eneral 
equilibrium framework. Specifi c government policies are most oἀ en formed 
within a l imited f rame o f r eference, f or e xample, a m unicipality de ciding 
whether or not to build a new bridge or road. Th ese kinds of tradeoff s are not 
made against “everything  else.” Policy makers choose from a limited range of 
options, and the tradeoff s are made among those options. Many of the com-
plicating issues discussed above can be safely ignored by a municipality de-
ciding whether or not to build a bridge, a road, or a community center. Th is  is 
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a very diff erent kind of decision than formulating policies to deal with the 
impacts of global climate change or worldwide biodiversity loss on future 
generations (Dasgupta 2008; Gowdy 2007).

As depicted in Figure 8.2, CBA is most useful for the kinds of cases for 
which i t wa s fi rst formulated, t hat i s e valuating t he b enefi ts a nd cost s of a 
specifi c local public project such as a new bridge. But within the envelope of 
Walrasian economics, CBA has become the way to l ook at everything from 
biodiversity loss to the eff ects of cl imate change a h undred years in the fu-
ture. Th e Walrasian framework for CBA is not needed for small- scale proj-
ects where general equilibrium eff ects can be ignored and that framework is 
inappropriate as we broaden the scope of the analysis in time and space.

Cost-benefi t analysis was considerably improved when non- market sources 
of well- being began to be considered in CBA estimates (Knetsch 2005). How-
ever, estimating non- pecuniary values uncovered many “anomalies” in pref-
erence f ormation i ncluding t he W TA- WTP d isparity, co ntext- dependent 
valuation, lexicographic preferences, and so on. Policy analysts are now taking 
CBA to the next level by calling for more realistic assumptions about human 
behavior, human well- being, and preference formation. For example, Revesz 

Traditional cost-benefit analysis

Time

Scale Local
project

Global
warming

CBA very useful

CBA of no use

A large-scale dam project

Figure 8.2. Cost- benefit analysis in time and space
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and L ivermore (2008) a rgue t hat t he way CBA i s u sually f ramed ma kes i t 
 biased against regulations. It fa ils to ac count for the ability of the economy 
to adjust, so it overestimates costs. It also fails to adequately account for non-
monetary va lues, so it underestimates benefi ts. Ackerman a nd Heinzerling 
(2004) also call for a more holistic method that incorporates moral senti-
ments, including prevailing notions of fairness and a precautionary approach 
to risk and uncertainty. Expanding CBA does not mean throwing out power-
ful, basic economic concepts developed over the last century. It does mean 
redefi ning a nd a pplying co ncepts such a s “ rational b ehavior,” “ social w el-
fare,” a nd “opportunity cost ” u sing empirical e vidence, e thical judgments, 
and sound scientifi c methods.

Glossar y
Contingent valuation—A valuation technique that uses surveys, interviews, 
and questionnaires to elicit values for things not traded in formal markets.

Elasticity of consumption—Th e percent change in well- being resulting in a 
small percentage increase in consumption.

Hartwick–Solow r ule—Sustaining economic activity t hrough time (ensur-
ing non- declining consumption) depends upon maintaining the capital stock 
(natural, manufactured, and human capital) necessary to produce economic 
output.

Hedonic pricing—A valuation technique that uses market data to te ase out 
implicit values for things that do not have specifi c market prices.

Human capital—Th e contribution to economic output arising from the stock 
of technical knowledge, cultural beliefs, habits, and institutions.

Incommensurability—In economic valuation, incommensurability refers to 
things that do not share a common standard of mea sure.

Loss aversion—Th e empirical fi nding that humans are willing to pay more to 
avoid the loss of something than they are to gain something they do not have.

Natural capital—Th e contribution to economic output arising from the ser-
vices of the natural world and the stock of natural resources.
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Precautionary principle—Policy makers should err on the side of caution 
when considering policies involving irreversibility and/or a la rge degree of 
uncertainty.

Pure time preference—In one sense it is a mea sure of an individual’s impa-
tience, that is, the degree to which a person would rather receive something 
now than in the future. In the context of inter- temporal policy decisions, it is 
a mea sure of how much we discount the utility of a person living in the future 
compared with that of a person living today.

Strong su stainability—Sustaining t he l ife- support s ystems o f p lanet e arth 
that are the ultimate source of human well- being.

Subjective well- being—A mea sure of a p erson’s self- perceived level of well- 
being.

Weak s ustainability—Th e e conomic de fi nition o f su stainability, t hat i s, 
 sustaining economic output or per capita income through time.
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Public P olicy in the W alra sian S ystem
Th e theoretical controversies discussed in previous chapters may seem eso-
teric to most non- economists and even to many economists. But the power of 
the f ormalization o f A dam S mith’s i nvisible ha nd i n n eoclassical w elfare 
 theory has driven economic policy in t he de cades since World War II. Th e 
antipathy to public policy is refl ected in the language of most economics text-
books. F or e xample, p olicies to p rotect t he en vironment a re cha racterized 
as ei ther “ command a nd co ntrol” o r “ free- market” s olutions. W ho w ould 
want to be commanded and controlled when they could be free? But today the 
theoretical and empirical challenges to the Walrasian model are beginning to 
spill over into the realm of public policy.

De cades of t heoretical work has shown t hat, even i f we g rant a ll t he re-
strictive assumptions of welfare economics, f rom Homo economicus to p er-
fectly operating competitive markets, there is no way to “close” the neoclassi-
cal welfare system from within. Th ere is no way to p ick a pa r tic u lar Pareto 
optimal distribution without appealing to a n ethical judgment (Bowles and 
Gintis 2000; Chipman and Moore 1978; Suzumura 1999). Th e potential Pareto 

the future of economic 
theory and policy

Only economists still put the cart before the  horse by claiming that 
the growing turmoil of mankind can be eliminated if prices are 
right. Th e truth is that only if our values are right will prices also be 
so. We had to introduce progressive taxation, social security, and 
strict rules for forest exploitation, and now we struggle with 
anti- pollution laws, precisely because the market mechanism by 
itself can never heal a wrong.

—Nicholas Georgescu- Roegen, Energy and Economic Myths (New York: 
Pergamon Press, 1976), xix

9
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improvement ( PPI) p rinciple wa s p romoted a s a n a lternative to t he s ocial 
welfare function, which could be constructed only by making interpersonal 
comparisons of utility. But t he PPI approach found ered on t he assumption 
that preferences are in de pen dent and additive rather than interactive. Th e search 
for a positive economics free of value judgments turned out to be an exercise 
in futility. Turning policy decisions over to the market is as much an ethical 
judgment as any other public policy.

Th e mathematical constraints of the Walrasian system dictate that there 
can be no interaction between economic agents, whether they are producers 
or consumers, and no interaction between “the market” and the social and 
biophysical systems ultimately supporting all economic activity. Th ere is an 
artifi cial separation between the market and the rest of the world. Th is  world-
view drives the policy recommendations of most economists. Th e standard 
view of the role of economic policy falls directly out of the view of the econ-
omy as a self- contained circular fl ow, as depicted in Figure 9.1.

Within this self- referential system, the policy goal is to maximize the util-
ity individuals get from consuming market goods. Social welfare is the addi-
tive sum of t he utility of a ll t he individuals in society, so t hat when a ll t he 
individuals maximize their utility, subject to t he resources at their disposal, 

Figure 9.1. Walrasian theory depicts a self- contained system sealed off from 
nature and society
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the social optimum is achieved. Given that free exchange of commodities and 
inputs leads to the best possible outcome, the role of government is limited to 
policies that expand the scope of the market. Prominent among these policies 
is expanding trade, which brings more consumers and fi rms into the system 
to provide more choices. Another favored policy is to bring more activity into 
the market by taking it from the public sphere through deregulation and pri-
vatization. If pollution, biodiversity loss, or climate change are recognized as 
problems, this is an indication that they need to be brought into the Walra-
sian market economy by assigning property rights to them. All problems are 
solved by bringing market forces into action.

Th e Walrasian model has been consciously used to dismiss any sort of co-
operative, collective public policy. Only by ensuring that prices are “correct” 
and that property rights are fully specifi ed can free- riding and ineffi  ciency 
be vanquished. Economic effi  ciency receives priority over “messy” public dis-
course. According to Milton Friedman (1962, 24):

Th e wider the range of activities covered by the market, the fewer are issues on 
which explicitly po liti cal decisions are required and hence on which it is neces-
sary to achieve agreement. In turn, the fewer the issues on which agreement is nec-
essary, the greater is the likelihood of getting agreement while maintaining a free 
society.

Daniel Bromley (2007, 677) describes the takeover of public discourse by 
the let- the- market- decide mentality:

Democracy as public participation and reasoned discourse is somehow suspect— 
not to be trusted. It seems that the public’s business cannot be properly conducted 
unless it adheres to the precepts of individualistic models of “rational choice” ap-
plied to collective action. . . .  It is a quest for public policy in which applied micro-
 economics i s deployed as t he only way to i mpose “rationality” on a n ot herwise 
incoherent and quite untrustworthy po liti cal pro cess.

But in the last de cade or so, the well- publicized failures of laissez- faire eco-
nomics have led a g rowing number of economists to r ecognize t he l imits of 
market outcomes as the ultimate manifestation of the common good. Th is  is 
not to dispute the fact that market- based policies such as trade agreements may 
indeed increase social welfare or that putting prices on features of the natural 
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world will help society to u nderstand their true value. However, such policies 
should be based on real- world experience and the observed behavior of actual 
humans, not on systems of equations describing how consumers and fi rms in 
an abstract ideal world should behave.

A Realistic Conception of the Econo mic Pr o  cess
As illustrated in Figure 9.1, the Walrasian economy is in de pen dent of nature 
and society. Th e alternative view is that all economic activity is framed by 
 human institutions and completely dependent upon inputs from nature. Fig-
ure 9.2 shows t he economy as a o ne- way fl ow of inputs from nature trans-
formed by t he economic pro cess a nd reentering t he natural world as d issi-
pated matter and energy.

Figure 9 .2 sh ows t he e conomy n ot a s a s elf- contained c ircular fl ow but 
rather a o ne- way pro cess l imited by the laws of thermodynamics. Th e fi rst 
law of thermodynamics states that energy cannot be created or destroyed; the 
second law (the entropy law) states that energy is continually degraded from 
an or ga nized form (low entropy) to an disor ga nized form (high entropy). For 
example, if someone burns a lump of coal in a sealed room, the same amount 
of heat energy is present in the room but it can no longer be harnessed 
for useful work. Th e human economy is dependent on fl ows of low- entropy 
energy (and raw materials) entering the system to be degraded and discharged 

Figure 9.2. The economy as an evolving thermodynamic system
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as h igh- entropy wa ste (Georgescu- Roegen 1971). Th is  conceptualization of 
the economic pro cess is summarized by Robert Ayres (2008, 17– 18):

We conceptualize the economic system as a multi- sector chain of linked pro-
cessing stages, starting with resource extraction, reduction, refi ning, conversion, 
production of fi nished goods and ser vices (including capital goods), fi nal consump-
tion (and disposal of wastes). Each stage has physical inputs and physical outputs 
that pass to t he next stage. At each stage of pro cessing value is added and useful 
information is embodied in the products, while low value, high entropy, low in-
formation wastes are separated and disposed of. Global entropy increases at every 
step, of course, but the value- added pro cess tends to reduce the entropy of useful 
products, while increasing the entropy of the wastes.

Based on the entropy law, and what we have seen so far about the social 
nature of production and consumption, the system depicted in Figure 9.2 
highlights t he following features of a m odern i ndustrial e conomy: (1) e co-
nomic activity is totally dependent on low- entropy inputs f rom the natural 
resource ba se, ( 2) fi rms a re s ocial i nstitutions t hat t ransform en ergy a nd 
 matter i nto e co nom ical ly v aluable p roducts, ( 3) co nsumers “ consume” t he 
ser vices of t hese products w ithin a s ocially constructed a nd ever- changing 
system of preferences, a nd (4) t he u ltimate output of t he economy i s h igh- 
entropy waste discarded back into the natural world. Th is way of looking at 
the e conomy su ggests v ery d iff erent policy approaches compared with the 
self- contained circular fl ow model depicted in Figure 9.1.

Policies for the R esour ce B a se
In t he Walrasian world, t he role of natural resources a s critical productive 
inputs is either downplayed or ignored completely. As we saw in Chapter 2, in 
this system all inputs enter the trading system on an equal footing and all are 
substitutable for one another. In perfectly functioning markets there is no need 
for polices to deal with resource scarcity. As Solow (1974, 11) puts it in an oἀ -
 quoted remark: “If i t i s very easy to subst itute other fac tors for natural re-
sources, then there is, in principle, no problem. Th e world can, in eff ect, get 
along without natural resources.” To be fair, Solow is more careful than most 
economists in his statement by using the word “if.” But the question remains: 
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What “other fac tors” o f production c an subst itute for natural resources s o 
that we can get along without them? Capital is a physical construct made by 
using energy a nd labor to co mbine raw materials into machines of various 
kinds. Th e p ool of lab or i s a co llection of human b eings w hose b odies a re 
made up of combinations of elements from the periodic table. Humans, like 
other living species, maintain themselves by extracting a steady supply of 
 oxygen, water, and minerals from natural world. Even the amorphous ingre-
dient technology must be applied to some physical objects.

In the Walrasian system the choice of productive inputs is driven by rela-
tive prices— as prices go up, substitutes are found. All scarcity is relative, not 
absolute. Referring to the Edgeworth box diagram in Chapter 2 (Figure 2.2), 
suppose t hat t he labor force (L) i s reduced by one- half. Th is would cha nge 
only t he sl ope o f t he i soquants, b ut i t w ould n ot cha nge t he ab ility o f t he 
economy to ach ieve an effi  cient a llocation of inputs. Given the new endow-
ments of labor and capital, and an initial distribution of them, a unique Pareto-
 effi  cient combination of K and L would still be generated by the free trade of 
inputs. Th ere is always a market clearing price consistent with an equilibrium 
supply and demand of any input. But this says nothing about what the eff ect 
of such a loss of labor would be on a real economy. Within the confi nes of the 
Edgeworth box, debates as to the importance of specifi c inputs are confi ned 
to questions about the elasticity of substitution of those inputs relative to some 
other input or aggregation of inputs.

In a more encompassing and dynamic view of the economy there is ample 
reason to worry about the ability of the market to foresee the consequences of 
resource constraints. Th is is especially true of fossil fuel energy. One barrel of oil 
contains the equivalent of roughly 23,000 hours of human work output (see 
the calculation of this by David Pimentel at  http:// www .lifeaἀ ertheoilcrash 
.net/ Research .html #anchor _71). Th e f ossil f uel b onanza, a nd t he r esulting 
increase in the ability to do u seful work, revolutionized the human econ-
omy in the twentieth century. But according to the entropy law, the passage 
of fossil fuel through the economy is a o ne- way trip. Concentrated energy is 
drawn from the earth, used to power the economy, and discharged as dissi-
pated heat and other by- products such a s carbon dioxide. As we saw in our 
discussion of the Cobb– Douglas production function in Chapter 2, economists 
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tend to a ttribute t he p henomenal i ncrease i n e conomic o utput si nce t he 
 beginning of the twentieth century to technology. Th is is calculated as total 
factor productivity, a “residual” leἀ  over in growth accounting aἀ er calculat-
ing the contribution of productive inputs.

Ayres and Warr (2005) found that a ll standard constant returns to s cale 
production function models fail to explain the 100- year growth history of the 
U.S. economy w ithout introducing a “te chnology” multiplier. But t hey a lso 
found that most improvements in technology have been simply an increase in 
exergy, that is, energy calculated as useful physical work. Similar results  were 
found by Ha ll, Cleveland, a nd Kaufmann (1986). Th eir work i ndicates t hat 
the fossil fuel bonanza of the last hundred years or so explains the phenome-
nal growth in economic output during that period. Th e recent (2008) spike in 
energy prices, and the stagnation in the growth of world  petroleum produc-
tion, has underscored the critical importance of energy in modern economic 
growth. Th is importance has taken on a new urgency with the warning from 
prominent petroleum analysts (for example, Simons 2005) that we are at or 
near t he p eak production of t he world’s o il supply. A ἀ er this peak we can 
expect a sharply decreasing effi  ciency in petroleum extraction in terms of the 
physical requirements for obtaining additional supplies.

Viewing the economy as an evolving system dependent upon the fl ow of ser-
vices from the natural world suggests a n eed for explicit and proactive energy 
policies. Such policies should be undertaken with an understanding of how they 
impact the other stages of the system depicted in Figure 9.2. Resource policies 
might restrict a nd/or redirect t he use of some scarce resources (such as fossil 
fuels) in order to allow more time to develop substitutes or to switch to a less 
intensive use of these resources in production and consumption. In a linear view 
of the economy, policies would recognize the long- term evolutionary potential 
and requirements of the human economy, the impact of patterns of resource use 
on human institutions (Diamond 2005; Tainter 1995; Tainter Allen, and Hoelstra 
2006), and the impact of resource extraction on the living world that supports 
all human life. Such an approach would recognize the physical limits to resource 
extraction and the importance of qualitative changes in the resource base.

Th ere are ways to mea sure the increasing scarcity of energy. One mea sure 
is the energy return on energy invested (EROEI), w hich shows how much 
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energy can be obtained from the expenditure of a unit of energy. In the 1930s, 
the EROI for U.S. oil was about 100:1 but it has declined to somewhere around 
17:1 in 2003 (Hall et al. 2003, 320). Th is is still a highly favorable investment 
(as is investment in energy from wind and coal), but this means that our sub-
sidy from nature has declined dramatically in recent de cades and is likely 
to decline even more sha rply i n t he f uture. Aga in, a p roactive approach to 
increasing energy scarcity calls for policies to smooth the transition to a less 
energy- intensive economy.

The Firm a s a So ci al Institu tion
Th e role of the fi rm in the economy has long been a matter of debate. As we 
saw earlier, Walrasian t heory was fi rst developed to de scribe consumer be-
havior. Th e equations  were t hen si mply relabeled to c reate a m odel of pro-
duction (see t he d iscussion i n M irowski 1989, cha pter 5). A s t he q uote b y 
Léon Walras at the beginning of Chapter 2 su ggests, there was no apparent 
role for the fi rm to play. With the consumer as utility- maximizing rational 
economic man at the center of economic analysis, there was no obvious ulti-
mate reason for the fi rm to exist in the simple barter model. Why is it in the 
fi rm’s interest to supply goods to consumers? Th e question of why fi rms exist 
was taken up in the 1930s by Coase (1937), who proposed that the purpose of 
the fi rm was to l ower t he cost o f “ discovering p rices,” t hat i s, to m inimize 
transactions costs in production. Th is led naturally to t he elaboration of the 
role of the fi rm as a cost- minimizing vehicle to make a profi t by satisfying the 
preferences of consumers. Th e ma rketing l iterature shows t he st rong i nfl u-
ence of Walrasian economic t heory. Customers are perceived as “economic 
men” with stable and well- defi ned tastes waiting to be uncovered by market-
ing research and satisfi ed by effi  cient production techniques. As a well- known 
marketing text puts it:

In its fullest sense, the marketing concept is a philosophy of business which states that 
the customer’s want satisfaction is the economic and social justifi cation of a compa-
ny’s e xistence. C onsequently, a ll c ompany ac tivities i n p roduction, eng ineering 
and fi nance, as well as in marketing, must be devoted fi rst to determining what the 
customer’s wants are and then to satisfying those wants while still making a reason-
able profi t. (Wilmhurst 1978)
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If the goal of human society is to satisfy consumer preferences in the most ef-
fi cient way possible, then any deviation on the part of the fi rm from the goal of 
profi t ma ximization through effi  c ient resource allocation is not only unjusti-
fi ed but also detrimental to the public good. In Friedman’s words (1962, 133): 
“In a free economy there is one and only one social responsibility of business—
 to use its resources and engage in activities designed to increase its profi ts so a 
long as it stays within the rules of the game, which is to say,  engages in open 
and free competition.”

If we step outside the Walrasian optimizing framework and take a broader 
view of t he fi rm a s a h ighly e volved social i nstitution (Cordes e t a l. 2 008), 
what are the implications for economic theory and policy?

Th ere Is No Single “Best” Way for a Firm to Operate
Th e idea that there is a single, optimal level of profi t, wages, and prices for a 
fi rm is part of the ideology of Walrasian economics. It is teleological in its 
belief that perfect competition, with prices corrected for market failure, leads 
not only to equilibrium but also to the equilibrium of Pareto effi  ciency. Th e end 
result of perfect competition is not merely one of many possibilities. It is the 
optimal outcome— the best of all possible worlds— because it is based on the 
sovereign p references o f co nsumers. I f a fi rm does not strive to maximize 
profi t, it is actually acting against the best interest of society in the sense that it 
is reducing potential economic output, the one true source of social welfare. In 
reality, there is no precise, single, optimal outcome to strive for. A wide range 
of sales, employment, and profi t strategies, spanning the very short term to the 
very long term, are consistent with “rational” fi rm behavior. Many strategies 
are available to a fi rm, and each one is associated with an array of social rela-
tionships and obligations.

New t heories of t he fi rm a re being developed based on Herbert Simon’s 
notion of satisfi cing and the recognition of bounded rationality. According 
to Simon (1987), the modern fi rm may be obligated to achieve some satisfactory 
level of profi t, but then it is free to pursue other goals. Bounded rationality 
recognizes that Walrasian rationality is limited by the evolved characteristics 
of h uman cog nition. Th e se e volved t raits i nclude co operative b ehavior, 
the use of heuristics and rules of thumb in decision making, and a variety of 
 behaviors to co ntrol f ree- riding a nd foster cooperation. A n early cha llenge 
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to the rationalist v iew of the fi rm came from the work of Cyert and March 
(1963), w ho a rgued t hat o rganizations fa ll bac k o n st andardized de cision 
rules, or rules of thumb, such as standard operating procedures and markup 
pricing. Nelson and Winter (1982) developed an evolutionary theory of the 
fi rm based on the generation, selection, and retention of “routines,” that is, 
eff ective packages of technologies and or gan i za tion al practices.

Th e Modern Corporation Is a Complex, Evolving Institution 
with Many Public as Well as Purely Economic Goals

Cordes et al. (2008) point out that the fi rm is the quintessential cooperative 
venture. Firms that are able to harness the tendency to cooperate can capture 
benefi ts that are not feasible through market incentives alone. Firms are also 
culturally variable and can evolve new forms of or ga ni za tion and new pur-
poses as social (and environmental) conditions change. Th is is important to 
keep in mind as new requirements for fi rms emerge in t he l ight of cl imate 
change a nd i ncreasing en ergy s carcity. F irms a re m uch m ore ad aptable 
and proactive than standard theory tells us. Related to this is the work of Witt 
(1998, 2005) who argues t hat successful entrepreneurs build on t he human 
capacity for group benefi cial behavior.

It may be true that the ultimate purpose of the fi rm is to satisfy consumer 
demand. But as Georgescu- Roegen (1976, 9) pointed out, t he u ltimate pur-
pose of consumption is not obtaining physical objects of production but rather 
an “ immaterial fl ux— the en joyment o f l ife.” F irms u ltimately p rovide s er-
vices rather than physical products. Th is observation has important implica-
tions for reducing the need for physical objects (cars and appliances, for ex-
ample). (Ayres 2008).

Consumers’ enjoyment of products may include positive or negative feel-
ings about how t hey a re made , t heir e ff ects on t he environment, a nd t heir 
place within a given social and ethical system. Th e corporate social respon-
sibility movement is based on this idea. Although corporations are much 
more structurally constrained by material self- interest, in the form of profi ts 
for shareholders, even they are not immune to social norms that are increas-
ingly defi ning and demanding responsible and fair behavior, with punishment 
of v iolators co mmon ( Kahneman, K netsch, a nd Th aler 1986). However, as 
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Zamagni (1995, xx) suggests: “Since a market economy gives people diff eren-
tially strong incentives to act on their various preferences (and generally none 
at all to act on altruistic preferences), mea sures should be taken at the institu-
tional level to avoid that those individuals, whose conceptions require behav-
ior that cuts against the selfi shness logic, result in being heavily penalized.” 
Policies designed solely on the basis of self- interested behavior may crowd out 
behaviors t hat promote t he pubic good (Bowles 2008). Th e specifi cs of t his 
dynamic a nd t he co evolution o f co rporate s ocial b ehavior a nd s ociety i n 
 general deserve more investigation.

Consumers a s Humans
Standard theory assumes that utility (happiness or well- being) can be equated 
with the ability to consume market goods and ser vices (or money income). In 
recent years macroeconomic polices have focused a lmost exclusively on in-
creasing total gross domestic product (GDP). As we saw in Chapter 8, recent 
research in well- being and happiness implies t hat t he near- exclusive policy 
focus on GDP growth as a means to increase social welfare may be misplaced. 
Increased consumption does not lead automatically to i ncreased welfare. In 
light of this, Kahneman, Wakker, and Sarin (1997) suggest going back to the 
roots of economics and defi ning “welfare” as “the greatest good for the great-
est number,” as Jeremy Bentham suggested. According to Ng (1999), current 
mea sures of subjective utility make us closer than ever imagined to develop-
ing something like Bentham’s “hedonometer” to provide a cardinal mea sure 
of utility. Methods have been devised, tested, and calibrated to accurately 
mea sure levels of happiness across individuals and even across cultures (Ferrer-
 i-Carbonell a nd Frijters 2 004; Frey a nd St utzer 2 002, 21). Th e e xistence o f 
scientifi c mea sures of well- being, together with an increasing array of other 
social, environmental, and economic indicators, makes it possible to formu-
late economic policies that directly enhance social welfare.

Psychologists have long argued that well- being comes from a wide variety 
of i ndividual, s ocial, a nd g e ne tic fac tors. S urveys, b ehavioral e xperiments, 
and neurological analysis have identifi ed ke y fac tors p ositively i nfl uencing 
well- being. Th ese include health (especially self- reported health), close rela-
tionships and marriage, intelligence, education, and religion (Ferrer- i-Carbonell 
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and van Praag 2002; Frey a nd Stutzer 2002). Age, gender, a nd income a lso 
infl uence happiness but not to the degree once thought. Some regularities in 
the relationship between income and happiness have been established. First, 
people i n w ealthier co untries a re g enerally ha ppier t han p eople i n p oorer 
countries (Diener, Diener, and Diener, 1995). But even this  correlation is weak, 
and t he happiness d ata shows ma ny a nomalies. For e xample, s ome su rveys 
show that people in Nigeria are happier than people in Austria, France, and 
Japan (Frey a nd St utzer 2 002, t able 2 .2, 35). S econd, pa st a c ertain st age of 
development, i ncreasing i ncomes do n ot l ead to g reater happiness. For e x-
ample, real per capita income in the United States has increased sharply in 
recent de  cades but reported happiness has declined (Blanchfl ower a nd Os-
wald 2000). Similar results have been reported for Japan and Western Eu rope 
(Easterlin 1995). St udies o f i ndividuals a lso sh ow a lac k o f co rrelation b e-
tween increases in income and increases in happiness (Frey and Stutzer 2002). 
Th ird, security seems to b e a ke y element in happiness. Large welfare gains 
would come from a f ocus on improving welfare based on those things that 
increase individual security, such a s health insurance, old- age security, em-
ployment, and job security. Fourth, mental health is a crucial factor in happi-
ness. Frey and Stutzer (2002) and Layard (2005) argue, based on happiness 
survey results, for more public spending on mental health, especially for the 
very young because apparently the fi rst few years of a person’s life play a large 
role in their future happiness. If we want future generations to experience a 
high and sustainable level of welfare, we are likely to get high rates of return 
by investing in policies to ensure adequate child nutrition, health care, edu-
cation, a nd fa mily co unseling. F iἀ h, r icher s ocial r elationships g enerally 
make people happier. Th is implies that welfare gains may be obtained from 
policies promoting increased leisure time and more public spending on so-
cial and recreational infrastructure.

Economists are beginning to reconsider the role of public policy in promot-
ing the social good (Bowles 2008; Frey 1997). Frank (1999) suggests that our 
beliefs about human nature help shape human nature itself and that the self- 
interest paradigm can be self- fulfi lling. He used Prisoner’s Dilemma experi-
ments that showed that students tended to be less cooperative aἀ er taking just 
one semester of t raditional microeconomics: “Th e exposed subjects come to 
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perceive self- interest as a normative characterization of rational behavior and 
to act accordingly.” Zamagni (1995, xx) suggests that the “self- interest bias” in 
economic policy requires that we “redress this imbalance by fostering or creat-
ing institutions that encourage a commitment to social goals.”

Polices for Envir onment al Sust ain abilit y
In recent de cades, concern about the relationship between economic activity 
and the natural world has focused more and more on environmental sustain-
ability, that is, the eff ect of  economic production on t he earth’s l ife- support 
systems. Two of the most important environmental eff ects of global economic 
activity are biodiversity loss and climate change. Climate change, as discussed 
in Chapter 8, has the potential to have devastating eff ects on the earth’s life- 
support systems and human well- being. Th e predicted eff ects of climate change 
are quite dire if we continue with a b usiness- as- usual approach to e conomic 
growth and fossil fuel use. Th e related problem of biodiversity loss also has the 
potential to greatly diminish human well- being. Biodiversity loss will almost 
certainly accelerate due to the eff ects of climate change.

According to most ecologists, the current loss of biological diversity amounts 
to the sixth major extinction episode in the estimated 600- million- year exis-
tence of complex life on planet Earth. In what is still one of the most thorough 
surveys to date, Pimm et al. (1995) estimated that the current rate of extinction 
is 100 to 1,000 times the background rate and accelerating. What is the value of 
nature and why should we preserve it (Norton, 1986)? In regard to biodiversity, 
we may distinguish three hierarchies of value and three meanings of sustain-
ability: economic, social, and ecological (Gowdy 1997).

Th e Economic Value of Biodiversity
In C hapter 8 w e e xamined t he st andard e conomic v iew o f su stainability, 
weak su stainability, m eaning a n on- declining g rowth o f p er c apita G DP 
(or more precisely Hicksian income). Weak sustainability is ensured by main-
taining the total capital stock necessary to produce consumption goods, assum-
ing the substitutability between natural, manufactured, and human capital. 
Economists do recognize the importance of biodiversity to the human econ-
omy. E cotourism, t he i mportance o f g e ne tic d iversity i n ma intaining t he 
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health of agriculture, bio- prospecting for medicinal plants, and many other 
contributions of  n ature t o t he e conomy h ave b een d ocumented by  e cono-
mists. Perhaps the most ambitious attempt to value the ser vices of nature was 
that of Costanza et al. (1997), who systematically inventoried of the value sev-
eral types of ecosystem ser vices. Of course, placing monetary values on bio-
diversity within the traditional economics framework runs into the theoreti-
cal diffi  culties inherent in discounting, marginal valuation, and identifying 
potential Pareto improvements.

Th e Social Value of Biodiversity
As we have seen earlier, individual preferences cannot be fully captured in 
the na rrow r ealm o f ma rket e xchange. I n t he c ase o f b iodiversity l oss, w e 
are dealing with irreversibility, very long- term scales, and unknowable con-
sequences. Humans apparently have a deep psychological need for interac-
tion with nature (what E. O. Wilson [1984] calls “biophilia”). Interaction with 
nature as been found to be benefi cial in a variety of forms, from the produc-
tion benefi ts of having live plants in offi  ces to the physical and mental benefi ts 
of Outward Bound trips to the medicinal benefi ts of pets in nursing homes.

Including n onmarket a nd probably u nmea sur able v alues o f b iodiversity 
brings u s i nto t he r ealm o f st rong su stainability, m entioned i n C hapter 8 . 
Strong sustainability is not well- defi ned but it means sustaining the earth’s 
life- support systems and ensuring a stable and equitable socioeconomic sys-
tem. It recognizes that sustainability is not only an economic problem but 
also a problem of maintaining essential, irreplaceable, and non- substitutable 
environmental features (Ayres 2008). Th is is sometimes referred to as critical 
natural capital (Farley 2008).

Th e Ecological Value of Biodiversity
As we saw in the case of climate change, the earth’s natural systems work by 
diff erent rules than markets do. Th e timescales are frequently very long— in 
the cases of climate change and biodiversity that may be tens of thousands of 
years or even longer. Individual species, including humans, are expendable 
to maintain the stability of ecosystems. Diverse ecosystems seem to be more 
resilient to environmental disturbances (Tilman and Downing 1994). As bio-
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diversity i s l ost, s o to o i s t he e volutionary p otential to ad apt to i nevitable 
 environmental changes. Th e total ecosystem value of biodiversity may be the 
value of the existence of humans and all other species.

Conc l usion
Within t he e conomics p rofession, t here i s a g rowing cla sh o f w orldviews 
 between t hose w ho v iew t he h uman f uture a s a m echanical u nfolding o f 
 rational choice through market expansion and those who advocate a reasoned 
public debate about how to ma ke the world a b etter place (Bowles 2008; Bro-
mley 2007). Th e following could serve as a guide for evaluating long- term eco-
nomic policies.

 1. Standard economic analysis evaluates the future in terms of the pres-
ent, as in “discounted present value.” However, the approach should be 
to consider the present in terms of the future. What would people in the 
future like for us to do now so that their world might be a better place? 
Such an approach recognizes the limits to substitution and employs the 
precautionary principle rather than the optimization principle.

From this it follows that:

 2. Present polices should avoid future lock- in to the greatest extent possi-
ble. Irreversible changes should be avoided where possible.

 3. Present polices should be fl exible enough to a llow for rapid adaptation 
to changing conditions.

 4. Policies in the present should enhance the ability of persons in the fu-
ture to control their own destinies. Th is should mean much more than 
just increasing total income (or the income of a representative agent).

 5. Focusing on pecuniary motivations a lone ig nores t he r ichness of hu-
man motivation and may be in eff ec tive or even counterproductive.

This is an exciting time to be studying economics. The profession is in 
the middle o f a  p aradigm s hiἀ  a nd t he fi eld will look very diff erent ten 
years from now. It is a formidable task to construct economic policy sce-
narios based on the new ideas now dominating theoretical and policy dis-
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cussions. But e ven a r elatively si mple a nd t ransparent a nalysis o f present 
problems and possible solutions is much more useful than the standard 
general equilibrium consumption- smoothing model with its layers of arbi-
trary assumptions.

Glossar y
Bounded rationality—Th e idea that limited cognitive ability, or cognitive blind-
ers, prevents people from seeking and using available information. Th er e are 
bounds to human rationality.

Corporate social responsibility—Th e idea that businesses should recognize 
the interests of society by taking responsibility for the impact of their activi-
ties on the larger community and on the environment. Th is includes improv-
ing the quality of life for employees and their families as well as for consum-
ers of the product.

Critical natural capital—Features of the natural world that generate benefi ts 
to humans and that have few if any substitutes.

Entropy law—Energy is continually degraded from an or ga nized form (low 
entropy) to a d isor ga nized f orm ( high en tropy) ( this i s t he s econd la w o f 
 ther modynamics).

EROEI—Acronym f or en ergy r eturn o n en ergy i nvested. Th e a mount o f 
 direct and indirect energy required to obtain a unit of energy.

Exergy—Energy u sed c alculated a s t he effi  ciency o f g etting i t to t he p oint 
where the work is done.

Jeremy Bentham (1748– 1832)—English phi los o pher and social reformer con-
sidered to be the father of utilitarianism, that is, the moral worth of an action 
is solely determined by its eff ect upon the well- being calculated as the sum of 
happiness of all persons.

Positive economics—Th e idea that economics can be a value- free science in 
that it describes “what is” rather than “what ought to be.”

Satisfi cing—People and fi rms do t he best they can with limited infor mation 
and limited cognitive ability to achieve multiple objectives. It is opposed to the 
idea that economic agents attempt to maximize a single objective function.
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Subjective u tility—Utility e xpressed i n ter ms o f a n i ndividual’s p ersonal 
judgment or degree of satisfaction rather than by preferences as revealed in 
market outcomes.

Th er modynamics—Th e fi rst law of thermodynamics states that energy can-
not be created or destroyed. Th e second law (the entropy law) states that, in a 
closed system, energy is continually degraded from an or ga nized form (low 
entropy) to a disor ga nized form (high entropy).
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