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Abstract:  The Edgeworth exchange diagram is a traditional tool of undergraduate microeconomic theory, which depicts the mutually beneficial gains from voluntary trade.  The authors take the analysis one step further.  They identify the buyer's and seller's surpluses that accrue to both trading parties in the Edgeworth diagram.  This is a straightforward exercise that has not, however, been developed in microeconomics textbooks, an exercise that can further hone students' understanding of the concept of buyer's and seller's surpluses and the notion of gains from voluntary exchange.
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The measurement of traders’ surpluses is common fare in demand theory (consumer’s surplus is represented, with certain qualifications, as the area below the demand curve and above the market price) and supply theory (producer’s surplus is represented as the area below the market price and above the supply curve).  Consumer surplus is also illustrated in the indifference curve analysis of the isolated individual facing a given budget line.  In fact, indifference curve analysis offers a clearer picture of the measurement of consumer surplus.  It illustrates at least two different measures of the surplus, and exposes the assumptions that are required to make the traditional Marshallian triangle (the area underneath the demand curve) a precise measurement of the consumer surplus.
The Edgeworth exchange diagram illustrates, using indifference analysis, the mutual benefits of voluntary trade.  Surprisingly, however, economists have not isolated the surpluses enjoyed by the two trading parties. In this note, we suggest a straightforward approach to isolating the surpluses enjoyed by each trader, in their capacity as both buyer and seller. 
DEPRIVATION AND COMPENSATION MEASURES: THE ISOLATED CONSUMER 

Figure 1 depicts the two most common illustrations of consumer surplus using indifference curves.  We suppose the individual currently holds an endowment E of good X and good Y (all other goods), and enjoys a level of wellbeing associated with the U0 indifference curve.  Facing a given price ratio and budget line, and the opportunity to reallocate his endowment, the individual would choose bundle A over all other possible combinations of X and Y, reaching the U1indifference curve.  At this point his marginal rate of substitution in consumption of X for Y equals that in exchange.

We can isolate the consumer surplus in two ways.  We might ask, for instance, what is the maximum amount of good Y he would be willing to sacrifice in order to obtain XA units of X?  It is clearly E-YA’ units of Y.  This corresponds to the move from point E to A′ in Figure 1.  Notice, however, that the market price-ratio (of which he is assumed to be a price taker) only dictates that the consumer relinquish E-YA units of Y.  This allows him to “keep the difference” between what he was willing to sacrifice and what he was required to sacrifice.  That difference, YA-YA’ units of Y (which is the same as vertical distance AA′), represents his consumer surplus.  (This approach is called the “deprivation” measure of consumer surplus, for AA′ represents, were the individual at point A, the amount of good Y he could be deprived of and be just as well off as he was at his original endowment E.)

The compensation measure asks a different question.  Suppose the individual were not allowed to purchase any units of good X, even though he obviously prefers point A to E.  How many units of Y would be required to compensate him for his blocked trading potential?  The answer is clearly E′E units: point E′ lies on the same U1 indifference curve as point A.  He would find bundles E′ and A equally satisfying.

For both measures to be equal, the indifference curves must be parallel with respect to the Y axis, as depicted in Figure 1.  But this is a rather strict assumption, for it implies that the income elasticity of good X is precisely zero:  it is neither a normal nor inferior good.  Were we to relax that assumption, the two measures would differ, which is an important point for students studying the measurement of consumer surplus in microeconomics courses.

DEPRIVATION AND COMPENSATION MEASURES IN THE EDGEWORTH BOX 
It is common for micro theory textbooks to depict deprivation and compensation measures of consumer surplus such as that for the isolated individual in Figure 1, but textbooks do not depict the consumer surplus accrued to each trading party in the Edgeworth diagram.
  The exercise, we suggest, is a simple one. Consider Figure 2, with bundle E representing Smith’s and Marx’s original endowments of two goods, X and Y (here we drop the assumption of Y being a numeraire representing all other goods).  This is a pure exchange economy – a barter model – with no production.
Suppose, after some bargaining, Smith and Marx settle upon a constant terms of trade, represented by the line TT.  We can assume the slope of TT will be established by the bargaining powers of the two traders; once settled, we shall assume each behaves like a price taker – sticking to their original agreement.  Both parties will move to point F (which we shall assume lies on the core).  Smith gives up YSE-YSF units in return for XSF-XSE additional units of X.  Marx trades XME-XMF units to obtain YMF-YME additional units of Y.  Both are better off, as each moves to a higher indifference curve (US1 and UM1 respectively), hence, the exchange is shown to be mutually beneficial.  
But the net benefits stem from the fact that each enjoys some kind of surplus – in each person’s dual capacity as both buyer and seller.  
What, then, is the buyer’s surplus for Smith, and for Marx? Notice point G in Figure 2.  The vertical distance FG (which corresponds to YSF -YSG) represents Smith’s buyer’s surplus.  We ask: Starting at point E, what is the maximum amount of good Y Smith is willing to sacrifice to obtain XSF-XSE additional units of X?  Clearly, he is willing to sacrifice YSE-YSG units.  If he did so, he’d remain indifferent between his original endowment (E) and his new bundle (G).  However, given the terms of trade, he only relinquishes YSE-YSF of Y.  Because Smith was willing to pay – at most – YSE-YSG units, and only paid YSE-YSF units, he enjoys a buyer’s surplus of YSF-YSG units of Y.  This is the deprivation measure.
Marx, of course, is also better off by this exchange.  His buyer’s surplus can be represented by the horizontal distance FH, which corresponds to XMF-XMH.  The reasoning is the same as in Smith’s case.  Starting at point E, what is the maximum amount of good X Marx is willing to sacrifice to obtain YMF-YME additional units of good Y?  Clearly, he is willing to sacrifice XME -XMH units.  If he did so, he’d remain indifferent between his original endowment (E) and his new bundle (H).  However, given the terms of trade, Marx only relinquishes XME-XMF units of X.  Therefore his buyer’s surplus is XMF -XMH units of X.

The compensation measures to the buyers’ surpluses are provided with the help of points I and J in Figure 2.  Here we hypothetically suppose that Smith and Marx are not allowed to swap their original endowments as they see fit.  How many units of good Y would compensate Smith for the prevention of a voluntary trade with Marx?  The answer is YSI-YSE units, which corresponds to the vertical distance IE.  Because points I and F both lie on the US1 indifference curve, Smith would find that compensation just as desirable as the free exchange with Marx.  (Of course, if we take this literally, those units of Y would have to be confiscated from Marx in this case, making him worse off.)


Similarly, the compensation measure of Marx’s buyer’s surplus would correspond to the horizontal distance JE, or XMJ-XME units of X, as Marx would find points F and J equally satisfying.  (Taken literally, those units of X would have to be confiscated from Smith in this case, making him worse off.)  


Notice that the two measures, FG and IE, will be equal only if Smith’s indifference curves are parallel with respect to the Y axis.  That is, only if Smith’s  income elasticity of good X is zero.  Likewise, the two measures for Marx, FH and JE, will be equal only if Marx’s indifference curves are parallel with respect to the X axis, which assumes Marx’s income elasticity of good Y is zero.
Identifying the buyers’ surpluses in the Edgeworth box has the advantage of further clarifying the gains from trade.  The gains, of course, are ultimately subjective – increased utility of each trading party.  Buyers’ surpluses are reckoned in a measurable form – units of a particular good – and this should help hone our students’ understanding of the surplus measure itself.  Although students might wish to compare the size of Smith’s surplus (FG) to that of Marx’s (FH), they shall soon see that they are literally comparing apples to oranges (or X’s to Y’s).  
However, because we have assumed a particular price line, we can imagine X being traded for Y, which means that the relative value of the two surpluses matters.  Although we cannot make interpersonal utility comparisons when describing the gains to Marx and Smith, it is clear from our analysis that Marx gains more when we use the yardstick of market values to measure well-being.
  

At the same time, one might well consider alternative terms of trade (say, a leftward rotation of TT in Figure 2) and demonstrate, for example, how Marx’s buyer’s surplus increases and Smith’s decreases, compared to the initial terms of trade.  Here the issue of bargaining power can be, in part, identified as trying to enlarge one’s own buyer’s surplus.  
SELLER’S SURPLUSES
This approach has the additional advantage of identifying the corresponding seller’s surpluses enjoyed by each trader.  We have so far viewed Smith and Marx as buyers.  But because this is a pure exchange (barter) economy, Smith is not only a buyer of good X, he is a seller of good Y; Marx is not only a buyer of good Y, he is a seller of good X.  (Neither individual is a producer of goods X and Y, so the term producer’s surplus is inappropriate.) Because each is a trader, each individual simultaneously behaves as both a buyer and a seller.  The logic of our approach has the advantage of theoretically separating these two functions and identifying the seller’s surpluses of the two trading parties.  
Before we do that, let’s momentarily return to Figure 1, in which we identified two measures of the consumer’s surplus.  The textbooks do not identify the seller’s surplus in that model, but the conceptual exercise is straightforward.
  Moving from point E to A, the individual trades E-YA units of Y for XA units of X.  Notice that, had he received only XF units instead of XA units, he would have been just as well off (moving from point E to point F on the U0 indifference curve.  The market exchange opportunity (established by the terms of trade reflected in the budget line) allows him to enjoy more units of X as a “payment” for his E-YA units of Y.  Specifically, he enjoys an additional XA-XF units of X, which corresponds to the horizontal distance FA in Figure 1.  This is the deprivation measure of his seller’s surplus.  (Strictly speaking, FA represents, were the individual at point A, the amount of good X he could be deprived of and be just as well off as he was at his original endowment E.)

The compensation measure of the seller’s surplus can be identified by assuming that the individual were not allowed to “sell” any units of Y (i.e., purchase any units of good X), even though he obviously prefers point A to E.  How many units of X would be required to compensate him for his blocked trading potential?  The answer is clearly EG units: point G lies on the same Ui indifference curve as point A.  He would find bundles G and A equally satisfying.  Thus, the horizontal distance EG in Figure 1 identifies his seller’s surplus.

Now let’s apply this to the Edgeworth exchange box, depicted in Figure 3.  Here, we replicate the initial conditions in Figure 2.  Starting at point E, both Smith and Marx swap until the reach point F given the TT terms of trade.  Thus far we viewed Smith as a buyer of good X, but we can just as well now consider him a seller of good Y, and Marx as a seller of good X.
Notice point K in Figure 3, which is directly to the left of point F (therefore YSF equals YSK ).  Points E and K lie on Smith’s original US0 indifference curve.  Smith would be just willing to sell YSE-YSK units of Y to Marx, provided that he receives at least XSK-XSE units of X as payment.  Were Smith to receive less, he’d be worse off and wouldn’t engage in trade.  XSK -XSE is the minimum payment Smith requires to swap his YSE-YSK units of Y.  But in fact Marx pays more.  To be precise: XSF-XSE units.  The difference between the amount of X Smith is willing to accept as payment and the amount Marx actually pays is represented by the horizontal distance KF (representing the deprivation measure of Smith’s seller’s surplus), or XSF-XSK units of X.

Marx’s also enjoys a seller’s surplus, represented by the vertical distance LF in Figure 3, which corresponds to YMF -YML units of Y.  Point L is directly above point F, lying on the UM0 indifference curve which also shares Marx’s original point E endowment.  Marx is willing to sell XME-XML units of X in return for a YML-YME  payment from Smith.  Smith, however, offers YMF-YME as payment.  The difference is the deprivation measure of Marx’s seller’s surplus.  
Let’s now use the same reasoning to identify the compensation measure of the seller’s surplus in Figure 1 and apply it to Figure 3.  Smith’s seller’s surplus is EM (or XSM – XSE), and for Marx it’s EN (or YMN  - YME).  Given that Y is a normal good for Smith, and X is a normal good for Marx, the two measures of each individual’s seller’s surplus must differ.
PUTTING IT ALL TOGETHER IN A SINGLE DIAGRAM: A CONCLUDING TEACHING STRATEGY
Separating the two measures of buyers’ surpluses and sellers’ surpluses in two different graphs offers perhaps an advanced analysis, especially at the undergraduate intermediate theory level, for it allows discussion of the potential measurement differences in the deprivation and compensation approaches.  A less advanced treatment might be preferred, and this is depicted in Figure 4.
Here, the key to simplifying is to compare like with like.  Figure 4 identifies the buyers’ and sellers’ surpluses using the deprivation measure only.  They are depicted in what might be called the “traders’ cross” running through points IH and JG.  In the move from point E to F, Smith’s buyer’s surplus is FG (or YSF-YSG) and his seller’s surplus is IF (or XSF-XSI); Marx’s buyer’s surplus is FH (or XMF-XMH), and his seller’s surplus is FJ (or YMF-YMJ), as explained in the preceding discussion.

Identifying the traders’ surpluses in the Edgeworth exchange box helps students better understand the notion of the gains from trade and the accrual of surpluses.  Our own classroom experiences with this presentation, as depicted by the “traders’ cross” in  Figure 4, suggests two things: 
(1) Students will initially tend to believe that, because the buyer’s and seller’s surpluses of Marx are more than those of Smith, Marx’s increase in utility through this exchange is greater than Smith’s increase in utility.  
This approach encourages them to understand that the buyer’s and seller’s surpluses, however, do not measure net utility gains.  Utility is still, ultimately, an ordinal concept, and interpersonal utility comparisons are still impossible to make.  All that we can conclude is that Marx achieves a more preferred position by moving from point E to F in Figure 4, and so, too, does Smith, even though Marx’s buyer’s and seller’s surpluses exceed those of Smith. The surpluses themselves are not an objective measure of net increases in utility.
(2) Students will initially tend to believe that there’s some kind of total surplus of FG + IF that accrues to Smith, and a total surplus of FH + FJ that accrues to Marx.  After all, they’ll tend to say, if Smith is simultaneously a buyer and a seller, he enjoys a simultaneous buyer’s and seller’s surplus, which add up to FG + IF.  
But, by moving from point E to F, Smith enjoys a net increase in utility depicted by his ability to move from US0 to US1 indifference curve.  His buyer’s surplus of FG represents the units of Y (holding X constant at XSF) that generate that net improvement in utility.  His seller’s surplus IF represents the units of X (holding Y constant at YSF) that generate that same net improvement in utility.  These are, in fact, substitute deprivation measures, measures that assume he was hypothetically deprived from enjoying bundle F and was either not allowed to buy more X or not allowed to sell more Y.  Because the act of trade implies simultaneous acts of buying and selling by Smith (i.e., he is allowed to do both in his trade from E to F) both measures come into play.  They are, nevertheless, alternative measures for the same trade phenomenon.
One can easily imagine a number of multiple choice and graph-essay questions, ranging in degrees of difficulty, that can be created by identifying “the traders’ cross,” or the buyers’ and sellers’ surpluses more generally, in the traditional Edgeworth exchange box.  The concept of the traders’ cross might also have useful applications when discussing bilateral trade in International Economics courses.
  Most important, the exercise can add to our students’ skills and their general understanding of what is meant by the concepts of buyer’s and seller’s surpluses, and the notions of a net increase in ordinal utility and the general gains from voluntary trade. 
REFERENCES
Alchian, A. A., and W. R. Allen.  1972.  University economics: Elements of inquiry, 3rd 
ed.  Belmont, CA: Wadsworth. 
Becker, G. S.  1971.  Economic theory.  New York: Alfred A. Knopf.

Boulding, K. E.  1948.  Economic analysis, rev. ed.  New York: Harper. 

Browning, E. K., and M. A. Zupan.  2004.  Microeconomics: Theory and applications, 

8th ed.  Hoboken, NJ: John Wiley.
Friedman, J. W.  1990.  Game theory with applications to economics, 2nd ed.  New York: 
Oxford University Press.

Friedman, M.  1976.  Price theory.  New York: Aldine.  
Gould, J.P., and C.E. Ferguson. 1965.  Microeconomic theory, 5th ed.  Homewood, IL: 
Richard D. Irwin.
Henderson, J. M., and R. E. Quandt.  1971.  Microeconomic theory: A mathematical 

approach, 2nd ed.  New York: McGraw-Hill.  
Hirshleifer, J.  1980.  Price theory and applications, 2nd ed.  Englewood Cliffs, NJ: 
Prentice Hall.

Malinvaud, E.  1972.  Lectures on microeconomic theory.  New York: American 

Elsevier.   

Mathis, S. A., and J. Koscianski.  2002.  Microeconomic theory: An integrated approach.  
Upper Saddle River, NJ: Prentice Hall.
McCloskey, D. N.  1985.  The applied theory of price, 2nd ed.  New York: Macmillan. 
Samuelson, P. A.  1976.  Economics, 10th ed.  New York: McGraw-Hill. 

-------. 2004. Where Ricardo and Mill rebut and confirm arguments of mainstream 

economists supporting globalization. Journal of Economic Perspectives 18 (3): 

135-46.  

Silberberg, E.  1978.  The structure of economics: A mathematical analysis.  New York: 
McGraw Hill.

Stigler, G. J.  1947.  The theory of price.  New York: Macmillan.

Varian, H. R.  1984.  Microeconomic analysis, 2nd ed.  New York:  W.W. Norton.

Waldman, D. E.  2004.  Microeconomics.  New York: Pearson Addison Wesley.  
[image: image1.png]FIGURE 1

Isolated Consumer Surplus: Deprivation and Compensation Measures
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FIGURE 2

Consumers' Surpluses in the EdgeworthBox: Deprivation and Compensation Measures
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FIGURE 3

Sellers' Surpluses in the Edgeworth Box: Deprivation and Compensation Measures
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FIGURE 4

The Traders' Cross: Deprivation Measures of Buyers' and Sellers' Surpluses




� Points F and G in Figure 1 will be discussed later in the paper.





� We have searched several undergraduate and graduate level microeconomics textbook, contemporary and classic, including:  Stigler (1947), Boulding (1948), Gould and Ferguson (1965), Becker (1971), Henderson and Quandt (1971), Alchian and Allen (1972), Malinvaud (1972), Friedman (1976), Samuelson (1976), Silberberg (1978), Hirshleifer (1980), Varian (1984), McCloskey (1985), Friedman (1990), Mathis and Koscianski (2002), Browning and Zupan (2004), and Waldman (2004).  Of course, this does not constitute a proof that no textbooks have identified traders’ surpluses in the Edgeworth model, but we have yet to find one that does.  


� We thank an anonymous referee for bringing this point to our attention.  


� The reason for this omission might very well be that it sounds strange to call the isolated consumer a seller of good Y, especially if Y is a numeraire representing all other goods.  For example, Jones purchases a bundle of apples from a store; Jones is the buyer, the grocer is the seller.  Students understand that. But because this is an exchange of property rights, in a conceptual sense the grocer is also a “buyer” and Jones is also a “seller” of Y (all other goods).  





� Notice that U0 and U1 are vertically parallel, which equates the deprivation and compensation measures of the consumer’s surplus.  The indifference curves, however, are not also horizontally parallel, so the two measures of the seller’s surplus are not equal.  In Figure 1, FA is greater than EG.  In fact, the two indifference curves can’t be both vertically and horizontally parallel at the same time, for that would assume all goods are non normal.  In an n-good world, at most n-1 goods are non normal (i.e., at least one of the goods must be normal).  This suggests another curiosity in the measurement of surpluses:  in a two-good model, if the deprivation and compensation measures of consumer’s surplus are equal, the corresponding deprivation and compensation measures of the seller’s surplus cannot be equal; if the two measures of the seller’s surplus are equal, the two measures of the consumer’s surplus cannot be equal.


� We thank an anonymous referee for pointing this out.  Samuelson’s (2004) analysis of trade between America and China in a Ricardian model with two goods and one factor of production (labor) is one specific example where our traders’ cross approach could improve the analysis being presented.  
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