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    Most trade theorists doing General Equilibrium (at least those of my 

vintage) do not question the value of small-scale models in their research. .  

Here I select a small sample of the work of trade theorists to show that 

small-scale models can often reveal in an economic manner properties of 

competitive equilibria that go beyond what partial equilibria provide.  

Indeed, it is not that difficult to reveal the ways that changes in one market 

serve to bring about alterations as well in prices and quantities of other 

markets, often with effects that significantly entail modifications or reversals 

of what could be expected when relying on partial equilibrium reasoning.  

Also, I wish to illustrate how some work that has gone beyond the realm of 

“small-scale GE models” has, in its focus on mathematical technique, strayed 

away from the basic economic setting of the original small-scale results. 

 

     It is, perhaps, appropriate to begin with the older Ricardian model that 

revealed the importance of comparative advantage in suggesting how not 

only are there gains to be had by international trade, but that these gains do 

not exclude participation of countries that have rather low levels of 

technology compared with competing countries.  As long as comparative 

advantage is the key to mutual gains, no country is excluded.  This 

observation must clearly stand among the most profound results to be found 

in our profession.  Ricardo hypothesized a simple setting where two 

countries, say Portugal and England, could each produce two commodities, 

say wine and cloth, using only labor, with labor unable to move from one 

country to another if wage rates differ from country to country.  He showed 

how Portugal could gain from trade by exporting wine and letting England 

provide its cloth even though Portugal could produce cloth more efficiently  

(i.e. with fewer man-hours per unit) than could England.  England could 

compete with cloth exports despite its lack of productive superiority in an 

absolute sense, since it is only comparative advantage that counts if 

productive factors are trapped within country borders.  English labor would, 
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of course, receive a lower wage rate than would Portuguese labor, but if labor 

is assumed not to be mobile between countries, two-way international trade 

could benefit both countries. 

 

     The formal logic requires a comparison of such relative costs.  In 

England let the amount of labor required per unit of wine be designated by 

aE
W while that of cloth to be aE

C.  The ratio of these two figures could be 

compared with the comparable ratio for Portugal, aP
W / aP

C, which, in this 

example, is assumed to be smaller than the English ratio.  Consequent 

mutually profitable trade flows could then be shown for this (2x2) simple 

model.  It is extremely easy to extend this result to the case in which 

countries other than Portugal and England are also capable of producing 

wine and cloth, and whose relative costs can be ranked along with those of 

Portugal and England.  Alternatively in a two-country setting with many 

commodities it is easy to rank Portugal and England producing these other 

commodities as well. In either case demand patterns and country size 

conspire to separate a country’s exports from its imports.   

 

     These remarks illustrate how concepts created for small dimensional 

models can easily be obtained for some dimensional changes.  But what can 

be said about situations in which the number of potential trading countries 

exceeds two and, as well, the number of commodities also exceeds two?  In 

the early 1940’s Prof. Frank Graham, in his graduate trade class at Princeton, 

used to provide exercises for his graduate students for them to pick 

assignments of countries to commodities that satisfied comparative 

advantage for given sets of numbers of labor efficiencies for workers in 

various countries,.  When I started teaching at Rochester, Lionel McKenzie, 

a former Graham student, urged me to look at this problem to see if any easy 

process could be established to satisfy comparative advantages in this 

multi-commodity and multi-country case.  Such a procedure eventually was 

established, and the logic of the process was, in hindsight, exceedingly simple.  

For the two-country or two-commodity case the procedure involved a 

comparison of a set of labor-cost ratios.  Suppose instead of comparing ratios 

one cross-multiplied and compared products.  That turned out to be the way 

to generalize comparative advantage.   
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     An important concept is that of a class of complete specializations – one 

defined as requiring for each commodity how many countries are to be 

assigned to be completely specialized in producing that commodity. If there 

are two countries and two commodities, there will be three such classes:  

Two of them have both countries producing the same commodity (and there 

obviously is only one possible assignment in each of these classes).  For the 

class that has one country completely specialized to the first commodity and 

the other country completely specialized to the other commodity, there are 

two possible entries, (with the “winner” being the one that satisfies 

comparative advantage).  In the Ricardian 2x2 scenario it would be Portugal 

producing wine and England producing cloth. 

 

     The competitive Ricardian model that assumes three commodities and 

three countries is discussed briefly in the Appendix, and has dimensionality 

that allows a view of the model with many countries and many commodities 

(not necessarily the same number). How many classes are there that have 

each country completely specialized in producing a single commodity?  The 

answer is ten of them.  The easiest class to consider is when all three 

countries produce the same commodity, and there are three of these classes, 

with only a single way of doing so for each commodity.  How about classes in 

which only two commodities are produced?  As in the Appendix, suppose the 

three commodities are corn, linen and cloth.   There are six classes that 

have only two commodities produced:  (i) Two classes have corn produced in 

one country and linen produced in the other two countries or corn produced in 

one country and cloth produced in the other two.  (ii) Another two classes 

have linen produced in only one country and corn produced in the other two 

or linen produced in only one country and cloth in the other two.  (iii) A 

further pair of classes has cloth produced in only one country and corn 

produced in the other two or cloth produced in only one country and linen 

produced in the other two.  Finally, there is the single class in which all 

three commodities are produced, and each country is specialized to a different 

commodity.  There are six assignments possible in this class.  Thus in three 

of the classes (where only a single commodity is produced) there is only one 

assignment (of countries to commodities), in a further six of the classes (in 

which two out of three of the commodities are produced) there are three 

possible assignments in each class.  In the final class of assignments of 
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complete specialization, (the one in which a different country is assigned to 

each commodity), there are six possible candidates for such an assignment.  

 

     Market forces would determine, for each class, which of the possible 

assignments for that class are efficient, just as in the Ricardian 2x2 case the 

efficient assignment where both wine and cloth are produced has Portugal 

producing wine and England cloth.  (There is no set of non-negative world  

commodity prices that would support a competitive equilibrium in which 

Portugal produces cloth and England produces wine).  In the 2x2 case the 

world transformation schedule will be a convex combination of the linear 

transformation schedules for each country.  A given set of commodity prices 

determines whether each country is completely specialized or whether one of 

the countries is incompletely specialized.  Similarly, in the 3x3 case there is 

a world transformation schedule in three dimensions made up of 

one-dimensional points (with all countries completely specialized), or 

straight lines (along which one of the three countries produces a pair of 

commodities), or planes (along which two of the three countries are each 

producing a pair (not the same pair) of commodities).  The entire mapping 

along the world transformation three-dimensional surface is determined 

(once the size of each country’s labor force and its labor requirements per unit 

output are given) by the set of optimal assignments in each of the classes.  

The optimal assignment in each class is the one satisfying the comparative 

advantage conditions in the 2x2 case or, more generally put, the assignment 

in each class that minimizes the product of the labor-input coefficients found 

in each assignment in that class.   

 

     In a competitive equilibrium, for every commodity selected for a country 

to produce, commodity price equals cost of production and, for each such 

country there is no other commodity that is not produced even though price 

would exceed unit cost if it were.  The efficient assignment of countries to 

commodities for each class is the assignment that minimizes the product of 

labor-input coefficents.  In the 2x2 case this could also be shown by the 

ratios of the two countries to satisfy comparative advantage.  The 

generalization, once conceived, seems almost obvious, and is perfectly 

general, regardless of the number of countries and the number of 

commodities. (Jones, 1961).  Once all the classes of complete assignments 



5 

 

are figured out, a global world transformation surface makes use of the fact 

that any designation of world outputs will be a linear combination of outputs 

found in the ones that have complete specializations.   This shows how even 

the smallest scale model (e.g. the Ricardian setting with Portugal and 

England producing a pair of commodities) leads recognizably to a 

generalization for any scale.  Furthermore, the concept of comparative 

advantage in the simple 2x2 case, in which the ratios (instead of the product) 

of labor costs are compared can be used as well in the many-commodity and 

many-country case.  The Appendix to this paper makes use of the numbers 

selected in Jones (1961) to illustrate that comparative advantage can in 

general compare the ratio of labor costs for a pair of commodities in one 

country with those in the Rest-of-the-World  (ROW).  Thus the kinds of 

comparison so useful to Ricardo in the case of only a pair of countries and a 

pair of commodities can also be used in the general case of many countries 

and commodities.  Comparative advantage is a key concept for a world in 

which labor is internationally immobile.  

 

     If the doctrine of comparative advantage is such a powerful concept, can 

it be used in scenarios in which international trade is not the focus?  One 

example was provided in Ohyama and Jones (1995), and this might illustrate 

how very low dimensional international trade models (as in the Portugal and 

England Ricardian case) have lessons that help to elucidate possibilities in 

other scenarios.  The setting is one in which there are two firms in an 

industry, in which technology is improved in a learning-by-doing fashion and 

one of the firms, the leader, has been in the industry longer than the other 

firm, the follower.  They both are using the same general kind of technology, 

call it the θ-technology, and the leader is the firm that has been in the 

business longer.  This industry is just one of many, and new technologies 

(not of the θ-type), are being developed by a wide variety of other industries.  

The question that then arises concerns how these two firms react to the 

possibility of exploring and learning a different technology, say the β-type, 

which might or might not be superior after a period of somewhat costly 

learning.  Here are the possibilities:  Both firms might reject the β-type 

technology, or they both may be willing to make the switch, or a third 

possibility is that one of the firms does make the switch while the other firm 

stays with the θ-technology.  We argue that in the third case there is a strong 
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presumption that the follower makes the switch while the leader does not.  

Why?  Because the leader has a comparative advantage over the follower in 

the θ-technology.  The leader might rationally stick with the old even if it 

knows that in a couple of periods the present follower will have an advantage 

in the β-technology that gives it superior results.  If elements of the standard 

“principle vs. agent” problem are present, this may strengthen the case. The 

“agent” in the research group in the leading firm may wish to preserve what 

it perceives as its higher rents from the θ-technology.  This suggests that 

although comparative advantage helps to establish the better firm, in an 

intertemporal setting it may stand in the way of advances that could be made 

with different technologies.  That is, today’s winning technology may not 

remain so.  The leader’s decisions may be made by agents in the research lab 

who expect to retire before the new technology could be sufficiently adapted 

so as to be superior in the current season to the older technology.   

 

     There is another rather general lesson that the Ricardian model 

provides in thinking either about small-scale or large-scale models.  It has to 

do with the selection of model that seems best suited to the question being 

asked.  Consider a change that takes place to an international competitive 

equilibrium that suggests a particular question – does a country win or lose 

as a consequence of the change?  Note that this does not enquire about 

particular groups in the country.  For example, it does not ask about the fate 

of landlords versus capitalists, or versus laborers.  It only asks about the 

effect on aggregate real income in a country.  The Ricardian model is ideal in 

the sense that each country only has a single type of input (homogeneous 

labor), so that the aggregate real income increases only if the real wage does.  

Consider the following example.  Some large country, say the United States 

in a Ricardian scenario, can produce a number of commodities. Suppose its 

labor efficiency in every commodity is greater than that of another large 

economy, say China, and assume these two countries are the only ones in a 

global economy.  Let the ranking by comparative advantage be such that the 

first commodity is the American best, and the nth is, comparatively speaking, 

its worst, although America is still more efficient than China for that 

commodity.  Furthermore, suppose that American absolute advantage in all 

commodities is a reflection of better technology (rather than climate, or 

innate factor skills), and that China succeeds in stealing or otherwise 
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obtaining the technology (or blue-prints) the U.S. possesses for producing the 

first commodity, its best export good.  No compensation is paid to America 

for this transfer.  Query:  If these are the only two countries trading on 

world markets, could America actually gain by this transfer?  This is the 

type of question that is found fairly often in putting questions to a GE setting.  

The answer is yes, it is possible (but not necessary) that America gains, even 

though, if China is large enough (after the stealth), American production of 

the first commodity is completely wiped out.1 China, of course, would gain.  

A follow-up query:  Could America gain if China were to obtain American 

technology for all n commodities? No, because in such a case there would be 

no gains from trade for America to be had by removing barriers to trade with 

China because relative prices would be the same in the two countries. 

 

     No fancy algebraic manipulation is required to understand how what 

seems to be paradoxical may be a result that could emerge.  Simplify on the 

demand side by assuming taste patterns are the same between countries as 

well as leading to consumption shares that are the same for all commodities 

(e.g. common Cobb-Douglas tastes with the share of income spent on each 

good consumed the same for all commodities).  A diagram, Figure 1, is useful, 

one that shows the Chinese wage rate (w*) on the vertical axis when the units 

of each commodity have been (conveniently) chosen as the amount capable of 

being produced in an hour by an American worker).  (This implies that 

whatever the outcome of trade, the American hourly wage rate is one, and the 

price of any commodity produced in equilibrium in America is also unity.  

The vertical axis is therefore equivalently measuring the ratio, w*/w).  

Along the horizontal axis show the relative size of the Chinese labor force, L*, 

to that in the U.S., L.  Let the vertical axis be “notched” at various levels, say 

1/a*
n

, 1/a*
(n-1), … down to the lowest possible foreign wage rate, 1/a*1..  Before 

the stealth takes place, consider what the Chinese curve (the solid locus) 

looks like.  If China were to be very small relative to the U.S. , it would only 

need to produce some of its best commodity (n) to export and obtain sufficient 

funds from American imports to buy from America its desired consumption of 

every other commodity.  Furthermore, as long as China’s relative size is tiny 

enough, its wage rate (relative to the American value of unity) remains at a 

                                                  
1 Indeed, if American production of the first commodity is not wiped out, America must 

lose.  Details of this model are provided in Jones and Ruffin (2008).   
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constant value of 1/a*n.(less than unity).  Once it is large enough, China can 

satisfy the world demand for the nth commodity.  Suppose it gets a bit larger.  

In that case, China would produce a bit more of commodity n, which would 

serve to lower its price (and China’s wage rate) until w*  becomes low 

enough that it can start competing in its next best commodity, (n-1).  Once 

that level is reached, small further increases in L* (with American L kept 

constant throughout) can be absorbed without a further drop in the Chinese 

wage rate until world demand for commodity (n-1) is satisfied at that price.  

Once again, should L* increase a bit further, w* would be driven down some 

more until China can compete in producing commodity (n-2).  Thus this 

“staircase” figure for China’s wage rate continues.  If China’s size were to 

grow sufficiently compared with America, it would have to produce all 

commodities, with America supplying only some of the world demand for the 

second commodity (in which now it has a greater comparative advantage). 

 

     The question that now emerges is how does this locus for the relation of 

the Chinese wage rate to its relative country size differ (i.e. shift) if it can 

obtain the technology that America possesses for producing the first 

commodity?  China’s new locus is now shown by the dashed curve.  Clearly 

commodity 1 now becomes China’s best commodity, and in the diagram the 

wage rate China would have if it were small enough that in the world market 

it cannot satisfy total (American plus Chinese) demand for the first 

commodity becomes unity., equaling the American wage rate..  Indeed, the 

entire Chinese locus shifts upwards.  However, and this is crucial, the locus  

shifts upwards and to the left.  Why?  Because after the transfer, its 

productivity improvement in producing the first commodity allows it to 

satisfy world demand for this new “best” commodity at a lower country size 

(than was necessary when the nth  commodity was its best).  Call this point 

A.   After that, more growth in the size of L* causes the wage rate to fall 

until it can start producing its next best commodity, the previous top one, 

commodity n.  Given the assumptions made about demand this can be 

shown to take place at corner point B.2  If the relative size of L* happens to 

lead to point B, note that after the technology transfer the price of the first 

                                                  
2 As explained in Jones and Ruffin (2008), the before-and-after meeting at point B 

reflects the Cobb-Douglas assumption.  Without this, meeting-point B could be a bit to 

the left or right, but the argument concerning gains or losses is roughly the same. 
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commodity faced by American consumers has dropped from unity to 1/a*n , 

leading to gains to American workers.  What is the situation at a point such 

as C?  China is the only producer of the first commodity as well as that of 

commodity n. The price faced by importers in America of the first commodity 

has fallen (a gain to consumers), but with a higher Chinese wage rate than 

before stealth the price of commodity n has gone up to American consumers, 

and this, by itself, is a loss.  The general result is that as China gets larger 

relative to America there are two changes that technology stealth would have 

on American consumers:  The reduction in the cost of consuming the first 

commodity is a gain, but the increase in price for all commodities imported 

from China (from any increase in the Chinese wage rate) hurts American real 

income.  The greater is China’s relative size, the greater is the number of 

commodities imported by America.  However, the greater also will be the 

drop in the price of the commodity whose technology has been transferred 

from America to China, which is a boon to American consumers.  The 

outcome:  American real incomes may rise, or may not, which is quite a 

different result from concluding American real incomes must fall. 

 

     Let me turn now to a pair of cases in which a country engaged in trade 

produces at least two commodities and imposes a tariff on a commodity that 

it imports.  First consider the situation similar to that used by Stolper and 

Samuelson (1941), an important paper I shall discuss in more detail a bit  

later.  Suppose the country imports its labor-intensive commodity in a 

Heckscher-Ohlin (2x2) setting in which two mobile factors, labor and capital, 

are inputs in production of each commodity.  Stolper and Samuelson argued 

that a tariff on the labor-intensive imports will cause the domestic price of 

such imports to increase, leading to an increase in the wage rate that exceeds, 

in relative amount, the domestic price rise.  The consequence is striking:  

The real wage rate of workers increases regardless of their taste patterns. 

However, Lloyd Metzler, in a 1950 article, showed how this was not 

necessarily the case.  Why not?  Because the tariff might have the 

(unintended) consequence of lowering the foreign price of imports by an 

amount even larger than the tariff..  That is, the tariff may fail to benefit the 

factor of production used more intensively in local production of the imported 

commodity.  This result was surprising, and may indeed be the result 

regardless of how many commodities the country produces.  It had the 
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consequence of altering the scenario considered by trade theorists in 

subsequent work into one in which they assume something happens (it need 

not be a tariff) such that the domestic price of a commodity produced does 

increase. 

 

     The other case is based on a model that is a bit more complex.  This is 

due to a surprising result found by Fred Gruen and Max Corden (1970),  The 

scenario is one in which there is a country like Australia producing two 

agricultural goods, say wheat and wool, where exports of the latter good are 

sufficiently large that changes in local production influence the world price.  

The inputs are labor and land, whereas the sole commodity produced in the 

manufacturing sector, textiles, uses labor and capital.  Suppose the country 

levies a tariff on imports of textiles, and the country is too small to influence 

the world price, so that the domestic price of textiles increases by the amount 

of the tariff, and, assuming imports are labor-intensive, the wage rate rises.  

This will serve to attract labor from the agricultural sector.  This is where 

the international trade theory dual to the Stolper/ Samuelson result comes in 

– i.e. the effect on outputs of a change in the factor “endowments” used in the 

two-commodity agricultural sector.  Assuming that wheat is the 

labor-intensive sector in agriculture, by the celebrated Rybczynski theorem 

(1956), the loss of labor will reduce the output of wheat, which not only sends 

more labor to manufacturing (and to wool) but also releases some land to the 

other activity in agriculture, viz. production  of wool. Since Australia is a 

large wool producer, its larger output will serve to worsen the terms of trade 

for Australia.  The consequence:  Raising the tariff has caused the terms of 

trade to deteriorate, a result that seemed paradoxical since it was proved for  

more simple settings that a tariff, if it could affect the terms of trade, would 

cause the terms of trade to improve.  This is a simple example in which the 

(3x3) setting of Gruen and Corden allows an often held view as to the effects 

of a tariff in a (2x2) setting to be overturned.  Sometimes an increase in 

dimensionality can matter, even if the setting can still be described as a 

“small-scale” model.   

 

     Two of the four principle objectives of GE theory were to provide 

conditions that would assure that there would exist a market equilibrium 

and that the equilibrium would be stable.  In the older (small-scale) 



11 

 

literature a famous condition for stability was identified with the names of 

Alfred Marshall and Abba Lerner – the so-called Marshall-Lerner condition 

that in the two country case the sum of the two countries’ elasticities of 

demand for imports exceed unity.  I recall the instance of my oral exam at 

M.I.T, (not for the dissertation – in those days we also had oral field exams) in 

which two of my examiners were Paul Samuelson and Robert Bishop.  

Samuelson, of course, requires no introduction, and Bishop was a professor in 

the department who knew (and taught) economic theory, but as I recall had 

no background in international trade theory.  During the course of the 

examination Samuelson raised the issue of stability of a trading equilibrium 

and we discussed the Marshall-Lerner condition.  Upon leaving the exam 

Bishop turned to Samuelson and asked: “Paul, what is that number one doing 

in the stability criterion?”  I thought this was a marvelous query that 

illustrated well the kind of difference training in international trade could 

provide, even for basic questions.  GE theorists not versed in trade have in 

mind aggregate excess demand curves that must be negatively sloped to 

assure stability.  So how does the number one enter?  Answer:  Trade 

theorists often focus on the response in each country of the country’s demand 

for imports to changes in the terms of trade.  But the pair of imports are for 

two different commodities.  In expressions for income effects, the marginal 

propensity to consume one commodity is just “one” minus the marginal 

propensity to consume the other.  Once attention is paid just to a single good 

in the market where one good gets traded for another, the number one 

disappears.  

 

     I have noticed over the years that there is an additional difference in the 

way that trade theorists approach the stability issue and that adopted by 

some very famous theorists of the non-trade group .  If all participants in a 

market are aggregated together the concepts of “inferior good” or indeed 

“Giffen Good” may be used to suggest how income effects can be de-stabilizing.  

In contrast, many trade theorists would focus more attention on the behavior 

of net exporters (or sellers) of a commodity verses that of net importers.  

Neither group may exhibit any signs of inferiority in demand, and yet 

instability may arise.  Why?  Because the net exporters of a commodity are 

also consumers, and may have a higher propensity to consume the 

commodity in question than do net importers.  In such a case income effects 
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are de-stabilizing because (ignoring substitution effects) a price rise for a 

commodity increases the demand for that commodity by exporters more than 

the negative income effects faced by importers causes them to lower demand.   

 

     The Transfer Problem, so-called when one country is required to make a 

gift or payment to another (say after a war, such as France after the war with 

Germany in 1870-71, or the reverse requirement after World War I) raises 

the question: Do the terms of trade move against the transferor (this is a 

so-called “orthodox view”) to make the real burden of making a transfer even 

more severe than suggested by the payment itself?  Alternatively, do the 

terms of trade move in favor of the transferor?  (Indeed, could a transfer so 

improve the terms of trade of the giver that the giver is better off?  This is a 

question that some ask every Christmas season.)  The answer to this query 

in the inter-war years pit Bertil Ohlin against John Maynard Keynes.  Both 

men have articles on the “transfer problem” in the Economic Journal for 1929. 

Keynes was also famous for his (1919) book on the Treaty of Versailles that 

put forth the presumption that the reparations payments imposed on 

Germany would have a secondary burden in the form of a worsening of the 

terms of trade for Germany because of the necessity of its running an export 

surplus (to match the reparations).  As the editor of the Economic Journal, 

Keynes deserves some credit for printing Ohlin’s anti-Keynesian view.  

Keynes argued for the “orthodox” view and Ohlin argued that there is no 

presumption.3  As for the presumption issue, I am on record (Jones, 1970) for 

arguing against both Ohlin and Keynes on this issue.  That is, I have argued 

that there may be a presumption that is anti-orthodox in asking about 

transfers.  My argument is very simple (at least to me):  If one knows that a 

country is an exporter of the first commodity and has no information as to 

whether it has a greater relative supply of the first commodity than the other 

country, I would bet that chances are better than even that this country has a 

lower marginal propensity to consume the good than does the other country.  

Alternatively phrased, if a country has a taste bias for a certain commodity I 

would argue that there is a presumption that it imports this good if nothing is 

known about supply differences in the two countries.  (This assumes that 

                                                  
3 After the Treaty of Versailles, following World War I, Keynes argued strongly that the 

loss to Germany of having to make reparations payments to the Allies would bring about 

a secondary burden to Germany if, as he presumed, the payments would worsen the 

German terms of trade – an “orthodox” presumption. 
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tastes in each country are roughly homothetic, so that marginal propensities 

to consume a good (crucial for the change in direction of the terms of trade) 

are close to the average propensity to consume the good, (of importance to the 

question of whether the good is exported or imported).   

 

     Suppose demand conditions are homothetic (but not the same) in the 

two countries and the amounts of each country’s endowment or production of 

the two commodities is fixed.  This allows use of a box diagram to reflect by 

its size the sum of the amounts produced in the two countries.  Suppose 

taste patterns are different (but homothetic) in the two countries.  In that 

case the contract curve (reflecting demand) is biased away from the diagonal 

of the box, creating two sections, one larger than the other.  Which 

commodity Home exports depends upon where in the box its production 

endowment lies.  If tastes are independent of production, there is a 

presumption that the endowment point lies in the larger of the two regions, 

and, as a consequence, Home will be an importer of the commodity in which it 

has a taste bias.  If so, and if Home makes a transfer of purchasing power to 

the other country, net world demand for the commodity Home imports is 

reduced by the transfer and the terms of trade of Home (the Giver) are 

improved by the transfer.  This illustrates the anti-orthodox presumption.  

If production and consumption features are independent of each other, the 

trade pattern is not.  In his articles on the Transfer Problem, (1952, 1954) 

Samuelson tended to assume that each country produced only a single 

commodity, so that the trade pattern was completely independent of tastes.  

 

     The “presumption” pattern described above also affects the stability 

issue.  Assuming homotheticity in tastes once again, if the transfer from 

Home would improve its terms of trade, income effects work to establish the 

stability of equilibrium. 

 

     Return, now, to the Stolper/Samuelson (1941) conclusion that a rise in 

the price (alone) of the labor-intensive commodity raises the real wage of 

labor.  The simple model is that of (2x2) Heckscher and Ohlin, where a pair 

of inputs are perfectly mobile between two sectors.  For some decades a set of 

trade economists have tried to move the setting to higher dimensions to 

attempt to generalize the results obtained in the small-scale (2x2) setting.  
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The “spear-carriers” in this attempt were Murray Kemp and Leon Wegge 

(1969) on the one hand and John Chipman (1969) on the other.  Here I focus 

on the Kemp and Wegge arguments which were concerned with what was 

known as the “Strong Form” of the Theorem:  Each factor is assumed to have 

an associated sector (industry) in which it is particularly intensive (defined 

below for the (3x3) case).  A set of conditions were suggested in the hopes 

that it would follow that an increase in the price just for a single commodity 

would increase by a greater relative amount the real return to the factor 

associated most intensively with that sector and, in addition, lower the 

return to all other factors. The criteria that Kemp and Wegge put forth for the 

(3x3) case stated that for each commodity there is a unique factor (with the 

same number as that of the commodity) such that the distributive factor 

share for that factor i in the associated industry, ii, relative to that of any 

other factor, k, in the same industry, ki , exceeds the ratio of these same two 

factor shares for any other industry, s, is/ks.  Such criteria, of course, need 

not be satisfied in all cases – they are assumptions imposed on the model.  

As well, the conclusion that the winning factor has its return increased by a 

greater relative amount than the price rise depends on an often unmentioned 

condition that there is no joint production.  That is, each commodity is 

produced alone by a combination of both factors.4  

 

     Kemp and Wegge then tried to see if their criterion for the Strong 

Stolper/Samuelson result in the (3x3) case would hold as well in the (4x4) 

case.  Alas, it proved to be insufficient, as illustrated by a counter-example.5. 

What was lacking was a condition that guarantees that distributive shares 

for off-diagonal elements do not differ that much from each other so that the 

Strong Form of the Stolper/Samuelson theorem can be obtained.  After all, a 

price rise is supposed to affect the unintensive factors in a similar way – i.e. 

they all lose.  Such a condition was provided in Jones, Marjit and Mitra 

                                                  
4 Query:  Does the Factor Price Equalization Theorem also depend upon the “no joint 

production” assumption?  For different points of view see Samuelson (1992) and Jones 

(1992).   
5 A (3x3) matrix of distributive shares has the property that the conditions comparing 

the ratio of distributive shares put forth by Kemp and Wegge makes use of every 

element in the matrix.  The same remark cannot be made for the (4x4) case, in which 

some ratio comparisons would involve only off-diagonal elements, e.g. the lower left and 

upper right elements of the matrix. 
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(1993), for the general (nxn) case.6  .   

 

     This mathematical pursuit of the properties of the inverse of the 

distributive share matrix does raise some questions that should be of concern 

to trade economists.  In asking about ways of using changes in commodity 

prices to raise the real return of any productive factor, why should all the 

“heavy lifting” be done by only raising the price of a single commodity?  And, 

of course, why worry about having all other factors lose, when it might be 

more convenient for the factor that the price change is aimed at protecting to 

allow such a factor to point to the benefits going to other factors.  

 

     Is there a more general form of the Stolper/Samuelson Theorem that 

takes account of these concerns?  Yes.  Assume a competitive model with 

any number of factors and commodities (not necessarily the same number of 

each), and that allows joint production:  For any productive factor there does 

exist a set of commodity price changes that will raise the real return to that 

factor.  The proof of this existence theorem is extremely simple.  The change 

in the particular factor’s real income requires the relative change in its 

nominal wage rate to exceed the value of the relative change in that factor ’s 

cost of living.  In any GE model the relative change in the nominal wage is a 

weighted average of all commodity price changes, although many of the 

weights may be negative (as in the (2x2)) case.  In addition, the change in 

the factor’s cost of living index is a non-negative weighted average of all 

commodity price changes.  As long as these two vectors of price changes are 

not identical, there exists a set of commodity price changes that will increase 

the input’s real income.  This result should be of interest to those political 

scientists who are concerned with the scope of governmental power to reward 

certain groups in a non-transparent manner (i..e. no direct payments).  

 

     Perhaps the most important service that GE models can provide is to 

show how a shock to one sector of the economy can have a ripple effect on 

other sectors.  Of particular importance is the possibility of complementarity 

whereby a favorable shock that raises output in a single sector may also 

cause output in a different sector to increase despite the assumption that its 

                                                  
6 See also Jones (2006) for a more general discussion of attempts to generalize the 

original (1941) Stolper/Samuelson argument. 
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price remains unaltered.  One important feature of the Specific-Factors 

model is that a price increase in one sector has a negative effect on outputs in 

all other sectors.  An effect much like this has been labeled the “Dutch 

Disease”, with reference to the discovery of natural gas deposits in the 

Netherlands some decades ago.  The “disease” refers to the expected 

deleterious effect this would have on many other sectors of the economy, 

especially those sectors whose price remains constant.7  The small-scale 

model by Gruen and Corden in describing how a country like Australia could 

worsen its terms of trade by levying a tariff, is capable of expressing a 

situation in which a price increase favoring a particular industry may create 

a severe Dutch Disease in all other industries, or, instead, may bring about a 

complementary positive effect on almost all other sectors.   

 

     The setting is one explored in Jones and Marjit (1992), in a model that 

extended the Gruen/Corden (3x3) setting to an (nxn) Heckscher-Ohlin model.  

Recall that in the Gruen/Corden setting there were only two sectors, 

agriculture and manufacturing, with the agriculture sector having two 

industries, each using labor and land, while in manufacturing there was only 

one industry, and it uses labor and capital.  Extend this to an [(n+1) x (n+1)] 

setting by assuming that in (n-1) sectors of the economy free trade leads each 

industry to use a unique (i.e. specific) form of capital not used by any other 

industry, while in the nth sector a different unique kind of capital is used by a 

pair of industries.  We referred to this nth  sector as a Heckscher-Ohlin 

nugget.  A severe form of Dutch Disease would follow if there is a price 

increase for the labor-intensive industry in the nugget, and since the nugget 

is itself a (2x2) Heckscher-Ohlin grouping, the wage rate is a magnified 

reflection of the price increase.  What is the effect on all the other (n-1) 

sectors of the economy?  They all suffer a Dutch Disease type of fall in output.  

There is only a single gainer:  The labor-intensive sector in the nugget.   

 

     In this large dimensional setting suppose the price of the 

                                                  
7 I recall a remark the Canadian economist, Doug Purvis, made after he attended a 

conference in Oslo in which fears were expressed as to the possible harmful effect that 

the discovery of North Sea oil would have on many sectors of the Norwegian economy.  

Displaying his well-known tendency to capture odd events by careful use of language, 

Doug remarked, “Its strange about oil:  Whether a country has it, or does not have it, oil 

creates friction” 
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capital-intensive commodity in the nugget increases instead.  This spreads 

to all other sectors because the fall in the wage rate leads to an increase in 

the rate of return to all the specific capitals in other sectors – an extreme 

form of complementarity.  Some industry must, of course, contract – the 

labor-intensive industry in the nugget.  It supplies labor to the 

capital-intensive sector in the nugget as well as to all of the specific factor 

sectors.  That is not all – it also supplies some capital to the capital-intensive 

sector in the nugget.  Note that since the wage/ rental ratio everywhere has 

fallen, every industry outside the nugget must increase its labor/capital ratio 

in production.   Perhaps surprisingly, therefore, the labor-intensive industry 

in the nugget loses relatively more of its capital than it does of its labor that it 

sends off to all other industries.  Where does that capital go?  To the 

capital-intensive industry in the nugget, the only other industry that uses 

that kind of capital.   

 

     This example illustrates two main possibilities that can be found in 

some (but not all) GE models: (i) The range of possible outcomes for outputs 

in a large group of industries that do not experience any price change may 

vary from extreme Dutch Disease to almost extreme complementarity.  (ii) 

The small-scale model, (3x3), and the general large-scale model [(n+1) x 

(n+1)] may exhibit the same detailed outcomes.   In that sense scale for the 

general-size model adds nothing to the possibilities found in the small-scale 

model.  The rationale is simple:  All sectors except one (the nugget) are of 

the specific-factor type, which has extreme simplicity in that the properties of 

the model are independent of the number of sectors.8 

 

     Let me conclude by mentioning another property of GE models that is 

dimension-free and widely used, certainly in international trade theory.  I 

refer to the Reciprocity Theorem that was emphasized by Paul Samuelson 

(1953).  Suppose that in a general equilibrium setting :the commodity price 

vector is represented by p for outputs 1…n, the factor-price vector by w for 
                                                  
8 There is an alternative and much less volatile reaction of outputs if in this model there 

is a price increase for a commodity not in the nugget.  Because the prices of the pair of 

goods in the nugget do not change, there is no change in factor prices except to the rate of 

return to capital in the favored sector.  In all other non-nugget sectors both the wage 

rate and return to capital do not change and neither do any associated outputs.  The 

favored sector does, of course, expand, with the labor supplied by the labor-intensive 

commodity in the nugget. 
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factors 1….r, the output vector by x, and the factor endowment vector by V.  

The Theorem states that  

𝜕𝑥𝑗

𝜕𝑣𝑖
 𝑤𝑖𝑡ℎ 𝑎𝑙𝑙 𝑝𝑟𝑖𝑐𝑒𝑠 𝑎𝑛𝑑 𝑜𝑡ℎ𝑒𝑟 𝑣′𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =

𝜕𝑤𝑖

𝜕𝑝𝑗
 , 𝑉′𝑠 𝑎𝑛𝑑 𝑜𝑡ℎ𝑒𝑟 𝑝′𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡.   

This conclusion reflects the fact that that the national income can be 

expressed either by the value of outputs, ∑j pjxj , or by the value of inputs,   

∑i wi Vi .  The result follows because the second derivatives of Y (national 

income) with respect to a commodity price change and an endowment change 

is in every case independent of the order in which the two partial derivatives 

are obtained.  Young’s Theorem in the calculus tells us not only that the 

effect of a price increase on the return to a specified factor of production has 

the same sign as an increase in that factor’s endowment would have on the 

selected commodity output but also that the values of the two derivatives are 

the same.  In trade theory this result shows that the Rybczynsky Theorem 

(1956) is dual to the Stolper/Samuelson Theorem (1941).  Such a result 

would, for example, cut the work in half of asking about the effect of 

international capital mobility on factor prices.  
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Appendix : Comparative Advantage 

 

In discussing how the simple Ricardian argument about comparative 

advantage for the case of a pair of countries and a pair of commodities can be 

extended to higher dimensions, much can be gleaned from the particular case 

of the three-commodity, three country setting that I used in Jones (1961): 

 

                     A     B     C 

        

        Corn     10    10    10 

 

        Linen      5     7     3 

 

        Cloth      4     3     2 

 

All three countries would require 10 units of labor to produce a unit of corn, 

whereas less labor is required per unit output of linen in country A, a bit 

more than this for a unit of linen in country B, and, in country C, only 3 units 

of labor are required to produce a unit of linen.  Finally, the labor 

requirements per unit output of cloth are even lower for each country, 

especially only 2 units of labor in country C.  In a world in which only corn 

and linen are produced and two countries, A and B, are engaged in trade, 

note that country A would have a bilateral comparative advantage in 

producing linen compared with country A and corn.  If country C enters 

world trade and cloth can also be produced by all three countries, note that 

country C would have an absolute advantage in producing cloth compared 

with the other two countries.  If each of the three countries were to be 

completely specialized in the following pattern:  A in linen, B in corn and C 

in cloth, each country compared with either of the others would have a 

comparative advantage in the commodity it produces relative to that 

assigned to the other country.  It is probably surprising, therefore, to find 

that there is no set of non-negative commodity prices that would support (in 

pure competition) such an allocation of production in free trade!9  That is, 

bilateral comparisons of efficiency are not sufficient to establish efficient 

patterns of comparative advantage.  Instead, there is an alternative 

                                                  
9 Try it – let the price of corn be $1.   
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allocation in which each country is completely specialized in producing a 

commodity and all commodities are produced.  This allocation has country A 

producing corn, B producing cloth and C linen.  As suggested in the text, the 

product of the three labor costs per unit in the latter case is 90, which is less 

than the product in which A is in linen, B in corn, and C in cloth (yielding a 

product of 100): 

 

          aA
co aB

cl aC
lin  <  aA

lin aB
co aC

cl  

 

     Now rewrite this inequality in the following form: 

 

          aA
co        aB

co .    aC
cl 

          ____   <   ____  x  ____ 

          aA
lin        aB

cl     aC
lin   

 

On the left-hand side the ratio shows for country A what the cost of corn 

would be if measured in units of linen instead of units of labor, i.e. the 

amount of linen that would have to be given up in order to free up enough 

labor to produce an extra unit of corn.  This would represent the 

comparative cost of producing corn in country A, expressed in units of linen.  

The right hand side shows a comparable figure of the comparative cost of 

producing corn in the “Rest of the World”, (i.e. countries B and C).  This 

would require country B to produce an extra unit of corn (by releasing labor 

from producing cloth), and, in order to keep the Rest of the World’s production 

of cloth unchanged, have country C take just enough labor out of producing 

corn to match B’s cut in cloth production, and then measuring the required 

amount of reduction in C’s output of linen.  That is, in the Rest of the World 

another unit of corn is produced, there is no change in the production of cloth, 

but the production of linen would be reduced, by an amount that reflects the 

Rest of the World’s comparative cost of corn in units of the necessary sacrifice 

in linen production.  In terms of the displayed labor costs for the three 

countries, the comparative cost of corn (in terms of linen) in country A (the 

left-hand side) would be 2/1 or 20/10, while the right-hand side for the Rest of 

the World’s comparative cost of corn production would be a higher value, 20/9, 

or 10/3 times 2/3.  
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