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International Trade Under Oligopoly Conditions

“Nationa industries and nationd trade react and react on one another, but the dominant force
isthat of the industry. The main courses of trade are governed by the reations between the
surrounding industries, in the same way as watercourses are governed by the contours of the
hill.... But the water reects on the hills and trade reacts on the industry; but the indudtria
higtory of any country would have been different if her opportunitiesfor foreign trade hed
been different.* Alfred Marshdl, Industry and Trade, p. 4.

1. Introduction

What is the role of oligopoly in internationd trade? There has been a grest ded of
research on that topic to date, but the work is not complete because of the emphasis on partia
equilibium®  But partia equilibrium cannot fully answer the questions of what and how
much is traded or for whom the gains or losses from trade accrue (Ruffin, 2003).

This paper describes asmple goproach to generd equilibrium under oligopoly. 1 do
not depart from any standard assumptions except for the existence of product market
oligopoly. Thusthere are the usud assumptions of an integrated world market with zero
tariffs and trangport costs, perfectly competitive factor markets, identica and homothetic
tagtes, and congtant returnsto scale. | hope to accomplish three objectives. Firgt, by way of
introduction and to develop intuition | show that by some smple symmetry assumptionsthe
exigence of equa degrees of oligopoly acrossindudtries for al countries can be eedly
incorporated in the sandard Ricardian demondration of the pattern and gains from trade. The
level of andyssis no more difficult than the sandard Ricardian modd of trade found in
eementary textbooks. Second, when the degree of competition is specific to each industry
and country, to show how Cournot oligopoly affects the generd equations of equilibrium with

any number of countries, goods, or factors. The only difference oligopoly makes to the



Wadrasian equationsis that the usud price equas cost of production eguations for each good
and locaion are Smply replaced by supply equations for each good and location.  Third, to
solve the modd for the specid case in which oneindudtry is oligopolistic and the other
perfectly competitive under Mill-Graham preferences (equa expenditures on each good) and
Ricardian cogts. The solution tracks the commodity and double-factoral terms of trade as
oligopoly power increases, and shows how it is possble for workers not to gain in the country
with a comparative advantage in the oligopoly. Such asolutionis dso interesting because it
enables usto examine, for example, the benefits of a perfectly executed antitrust policy when
oligopalies do or do not face international competition.

2. Ricardian Tradewith Oligopoly: TheIntuition

Ricardian tracke theory under perfect competition shows that an economy gains from
trade because it can purchase the imported good at alower price while the exported good sells
for the same price when measured in wage units. The main difference the existence of
ubiquitous oligopaly in both the import and export sectors makes to this story isthat the price
of the export may aso fdl. Therefore, with oligopoly the gains from trade for the economy
are often smaller and for workers are often larger than under perfect competition.

Under oligopoly the firm chooses a quantity thet resultsin a price of agood that
exceeds margina codts. Inthissetting it is best to take the wage rate in one of the countries as
the numeraire rather than one of the traded goods, asis usud in the perfect competition case.
Thus, we nead only concentrate on the oligopoly pricing of each of the goods in the numeraire
wage.

Since under dligopoly the priceis dictated by dadticity and the number of firms itis
easy to see what happens when trade is opened. Suppose for example that there are two
countries, home and foreign. Choose the wage rate in the home country as numeraire, say $1.
In the home country airplane (trips) cost 4 labor units per trip and bread 5 labor units per |oaf.

In the foreign country, arplane trips cost 5 labor units and breed 4 labor units. If thetwo



countries are the same Sze and face symmetrica demands for arplanes and bread, then if the
degree of oligopoly power isthe same in both sectors both countries wil experience the same
wage rates so that given the numeraire assumption wages in both countries will be $1.

Table 1 shows the dollar costs of airplane trips and breed in the two countries. With
perfect competition, trade would smply lower the price of bread in the home country to $4
and the price of arplanetripsin the foreign country to $4. The gain from trade would be the
fdl in the cogt of living due to a20% reduction in the price of the importable, which would be
about 10% with Mill-Graham pref erences so that half of al income devoted to each good.

With oligopoly the prices before trade would be higher than costs. Suppose that
before trade the oligopolies were powerful and charged a price twice as high as margind
costs. Then Table 2 shows the autarkic prices before trade. Low cost arplane trips at home
and bread abroad would sl for $8. High cost bread a home and arplane trips abroad would
I for $10. In this Stuation, workers and oligopolists would share equdly in nationd
income. | will assume that there are 1000 workers, so that autarkic netional income is $2000
in each country with $1000 earned by each income dass.

Now let trade be opened. Since the airplane industry in the home country and the
bread indugtry in the foreign country would now face competition from their high cost
counterparts, the price of both airplanes and bread would drop below $8. Assumethis priceis
$6. At aprice of $6 for arrplanes and $6 for bread, both the high cost bread industry in the
home cauntry and the high cogt airplane industry in the foreign country could compete
because their costs are only $5. Table 3 describes the free trade prices (profit margins) with
strong oligopolies. Under free trade, workers would il earn $1000, but oligopdistswould
earn much less. The home and foreign countries are symmetrica so we can concentrate on
the home country. The profit marginin airplanesisnow $2 and in bread it is$1. Aswill be
shown later, under Cournot oligopoly we can suppose that the retio of arplane trips to breed

output (facing the same price and demand) will dsobe2to 1. Thus, snce the labor congraint



iIS4Qa+ 5Qb = 1000 and Qa = 2Qy, it must be that Qa = 154 while Qn = 77 (gpproximeately).
Thus the profits of the dligopoalists must be $308 and $77, respectively, or $385. Oligopaly
profits have falen over 60% from $1000 to $385 while prices have fdlen, on the average, by
only 33%. Workers, with the same wages, experience a 33% increase in red income;
oligopoligs are hurt badly. Even the oligopoligtsin the export indugtries are hurt Since their
profitsfall by more than 33% from $500 to $308. The economy does not gain as much as
with perfect competition because the high cost indudtry is protected by the strong oligopoly
abroad! But workers gain more than under perfect competition (about three times as much)
and oligopalids, as argued, loe.

The above describes what hgppens when oligopolists are strong and charge prices
much higher than margind cogts. Suppose the oligopolists are wesk o that prices are only
25% higher than margind cogts. With labor income before trade of $1000, oligopoly profits
would be $250, with $125 in each sector. Then autarkic pricesare asin Table 4. Airplane
trips in the home country and bread in the foreign country both sl for $5. We have assumed
just enough competition to drive the price of arplanesin the home country down to the cogt in
the foreign country and the same for breed.

What happens now when trade opens? The high cost fareign airplane or home bread
industries will be unableto operate. For example, as a Cournot oligopolist the foreign
arplane industry will assumethat if it produces airplanes, the price will drop below $5 so that
margina cogts could not be covered. The same will be true of the home country’s breed
industry. What prices will prevail in free trade? With the same number of firms operating and
since oligopoalists price according to dadticity of demand rather than tota demand, the free
trade priceswould be asin Table 5: dl goods sl for $5!' Now the price of the export stays
the same, but the price of breed fals by 20%, precisdy what happened under perfect
competition. Thus, the gains from trade for workers, the economy, and oligopolists will dl be

the same as under perfect competition. Workers gain the same since pricesfdl as much and
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we are kegping wages the same. The economy gains the same because there is complete
specidization. And oligopolists as awhole gain the same because ther incomeis exactly the
same dfter trade is established. Why? The markup over costsis 25%. Thiswastrue before
trade as well as after trade. Thus, with labor income of $1000, oligopoly profits are $250
before and after trade® Of course, the oligopolistsin the export sector now earn the entire
$250 0 that with adoubling of their profits their gains are the greatest.

Summarizing, if oligopolies are strong, there is atendency for workersto gain more
from trade and the economy to gain less from trade than under per fect competition; capitaists
tend to lose. If oligopolies are weak, workers, capitaists, and the economy gain about as
much as with perfect competition. Note that the Stolper-Samuelson conundrum that workers
gainin one country and losein the other is absent.

3. The General Model

I will now show that it is very easy to formulate the theory of internationd trade under
oligopoly under conditions as generd as the Heckscher-Ohlin-Samuelson model of trade. The
quote from Alfred Margrd| a the beginning of this essay provides theinitid insght: the
dominant force isthe industry (Marshal, 1920). Thisfact can be devated to the levd of
theory by smply supposing thet firmsin an indudtry act asif the prices of dl goods and
services other than the good in question are to be held congtant. Once this assumption is
made as well as the other assumptions of the Heckscher-Ohlin-Samuelson modd, the generd
theory of trade under oligopoly is easy to represent (but difficult to andyze! ).

Suppose that there aren countries, mgoods, and r factors of production. Let i =
country (i = 1,...,n),and j =good (j = 1,....m), and k =factor (k= 1,...,r). Let ¢; denotethe
unit cost function. Let wi = (Wiy,...,Wir), P = (P1....pm), €= price eadticity of world demand
Dj. Vikis the supply of factor k to country i. Qjj iscountry i’'ssupply of good j. Nij isthe

number of firmsin country i producing good j.



Assumption 1. Production functions are homogeneous of degree one and are the
samefor every firmin the sameindustry in the same country. In country i, G; isthe unit cost
of afirmin country i producing good j and, since there are condtant returns to scale, G =
C|j(Wi).3

Assumption 2. Utility functionsfor dl incomerecipientsin al countries are identica
and homothetic.

Assumption 3. Integrated world market for goods.

Assumption 4. Every firmisamember of anindustry and treets the prices of dl other
goods and factors as congtant.

Assumption 5. Every firmis aCournot oligopolist. The firm’s profit is digtributed
lump sum to consumers.

Assumption 6. Firmsignore theimpact of changesin the price of their good on own
utility.

Assumption 7. Thenumber of potentid firmsis fixed for each industry and country.

The key assumptionsare4, 5, 6, and 7. Assumption 4 captures two stylized facts.
Fird, product markets are generaly mare oligopoligtic than factor markets since the latter
compete in more than one industry. Second, indusdiries are important in the sense that the
setting of pricesin, say, the automoble indudtry likely does not involve the firm in making any
assumption about what happens to the prices of persona computers or software. Assumption
5isjug the familiar Cournot assumption thet impli es that any equilibrium isaso aNash
equilibrium so that any deviation is everywhere regarded as unprofitable. Assumption 6
captures the stylized fact thet the owners of an industry probably consume an insignificant
amount of their own good compared to other goods and services. Assumption 7, while
unredigtic in a partia equilibrium setting, in genera equilibrium dlows us to characterize the

empirica fact that the degree of competition differs across industries (Wilcox, 1950).



In generd equilibrium, it is better to work with the direct demand function rather than
the indirect one that istypica of presentations of Cournot oligopoly. If D; istheworld
demand for good j and afirmin country i produces x; & the unit cost ¢j;, then the firm
maximizes (p;j — cij)Xij by smply cdculaing 1D p; =91xj/Yp; so that profits are maximized
when:

(1D/11p;) (ps — Gij) + X = O.

Using the numericd price dadticity, § = -(1D;/1p;)(Dj/p;), equation (1) can be rewritten as:
xj = (pj — c)gDj/p;.
Since N is the number of firmsin country i producing good j, the totd supply of good j in

country i is?

Qi = Njj(p; —Cij(wi))e;D; /p; nm equations
Factor market clearing requires:

aj (16/TwiYQjj = Vik nr equations
Market clearing requires:

Si Qij = Dj(p, &; (p;aiQjy)) m equations

One of the equationsin (5) is redundant by Waras'Law. Any commodity or factor price can
be chosen as numeraire. Equations (3) are just the aggregate Cournot first order conditions for
eech industry in each country. Equations (4) employ Shepherd’s lemma and the factor market
dearing conditions. TheN;"s are a bit tricky since there are exogenous up to a corner
solution. We can of course take account of corner solutions by adding the obvious
inequalities, N;;(p; — c;j(wi)) 3 O, which forces Njj = O whenever the profit margin is negative.
Solving (3) ad (5) we can gate the Cournat pricing equations:
Pj = Si Nijcj(w)/(SiN;j —1/e)).
Thisis an extremdy useful equation and played a prominent role in Ruffin (2003). Indeed,

the equation shows how the $6 pricesin Table 3 were determined. If the cost of airplanes was
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$4 in one country and $5 in the other, with 2 firmsin each country and § = 1, pa= 2(4 +5)/3
= $6.

It should be noted that in genera one cannot go from (5) and (6) back to (3) snce
equations (6) are only min number forany nt 1. Thus, (3), (4), and (5) are necessary for a
solution in amulticountry setting.

The only difference with standard trade theory is that instead of equations (3) we
would have nn Warasian pricing equations: the price of each good equas cogt of production
in eech country. We could, of course, have a subset of industries be perfectly competitive, as
in the next section. But equations (3) make factor price equalization anear impossibility even
in the Heckscher-Ohlin production mode with identical technologies. Helpman and
Krugman (1985, Ch. 5) consder factor price equdization only on the assumption that there
are enough perfectly competitive indusiries and do not contradict the above remark.

Since factor price equalization does not in generd take place in the above modd, it
should be obvious that the main effect of oligopoly on internationd trade is to reduce the
volume of trade, just as we discovered above in the case of a Ricardian world with strong
oligopolies dlowing the high cost industry to operate. Thefailure of tariffs and trade cosisto
explan the low volume of internationd trade (see Davis and Weingein, 2001) may bein part
be areflection of digopaly.

Now that we have the generd equilibrium equations for oligopaly it is possble to
solve the mode in particular instances, such as for example in a computable generd
equilibrium modd (Shoven and Whdlley, 1984). In the next section, | propose to solve them
for asmple but interesting case.

4. Oligopoly in One Sector

Clar Wilcox (1950) presented persuasive evidence that oligopoly isnot ubiquitous. Thus,
itisredly necessary to examine a Stugion in which one indudry is oligopolistic and the other
competitive. Thus, going back to airplanes and bread imagine the arplane indudtry is dways
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oligopalistic and breed is dways comptitive.® Suppose the home country has a Ricardian
compardive advantage in an oligopoly and the foreign country a compardtive advantage in a
perfectly competitive industry. What can we now conclude?

Let good 1 be arplanes and good 2 bread. To amplify let us begin by supposing equd
labor supplies, L = L*, with unit labor cost coefficients, & < a;*, and &* < &, 0 both
countries have an absolute advantage in their good and must be capable of producing more of
that good and less of the other good. To further smplify | will assume that the first industry,
arplanes, has the same number of firms (N) in both countiesin autarky. Findly, assume thet
the utility functionis u = (D1D>)" for everyone so that p1D1 = p2D,. Since the price elaticity
of demand is unity, the price of good 1 will Smply be (if good 1 isvigble in both countries):

p1= N(wai+ w*ar*)/(2N -1).
However, if Nwa1/(N-1) £ w* a;*, then industry 1 in the foreign country will shut down and
the price of good 1 will be
p1 = Nway/(N -1).
The equations of generd equilibrium are then:
P2 = W*as*
Q1= N(p1-wa1)(Q + Qr*)/p1
Qr* = N(p1—w*ar*)(Q1+ Qr*)/p1.
SaQi=1L
Sa*Q* = L*
(Qu+ Qrf)p1= pAQ2+ Q2¥)
Equation (7) can be derived from (10) and (11) so that there are 6 equationsin the unknowns
(seingw = 1):w*, po, Q, and Q* (i = 1,2). If Nay/(N—-1) £ w*ar*, then Qi* = 0.
By assumption the home country’ s productivity advantage in good 1 (a*/a;) exceeds its

productivity advantage in good 2 (az*/az), which in turn exceeds the raio of the latter to the
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former. Now there mugt be three levels of competition, N, N°, and N™, such that the
following inequdlity chainis satified:

ar*/a; > (N-1)/N3 az*/ap;> (N-1)/N 3 ajay*/a*a;> (N"-1)/N"". (15)

I I [l

Inregion |, there is sufficient competition so that both countries are completely specidized.
As N decreases to N'or N, ance dligopoly power isincreasing in the country with the
comparative advantaage in airplanes, wages in the home country are faling rdaive to wages
in the foreign country that has a comparative advantage in bread. \When the home country’s
double factord terms of trade fdls, region |1 is reached when the home country sartsto
produce breed, and region 111 is reached when the oligopoaly is o strong thet the foreign
country’s high-cogt airplane industry becomes protected by the high marginsin the home
country’s airplane indugtry.

Theorem: Inregion |, both countries completely specialized and w/w* = (N-1)/N; in
regions !l and Ill, wiw* = az*/a2 and the home country produces both goods. Inregionlll,
the foreign country also produces both goods.

Thistheoremiseasly proved. Inregionl, w/w* = (N-1)/N impliesthat the natural
export goods have lower costs than their counterpart naturd import goods in the other
country. Thus, the competitive good, good 2, is not produced in the home country.

Moreover, the oligopoly price of good 1 fdls short of foreign costs w* a;* > Nway/(N-1) =
p1because a; < ar* . Thereismarket clearing because w* a>* L/a>* = Nway/(N-1)L/as. In
region |1, the home country is competitivein good 2 (wa, = w*ay* ) , but foreign country ill
cannot competeingood 1. Since ax*/a,> (N-1)/N" 3 ajar*/a;*a= wai/w*asr*, it follows
that the cost of production of good 1 in the foreign country exceeds the oligopoly price. In
region 11, industry 1 in theforeign country is profitable and o both goods are producedin

both countries.
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Corollary (thegainsfrom trade): Workers cannot lose fromtrade in the home
country, although their gains fromtrade are zero in region I1; capitalists gain in the home
country, and losein theforeign country; workersin the foreign country benefit substantially
from free trade; and the home country’s gains from trade will exceed the foreign country’s.

Let us see why the workers cannot lose in the home country. Let w = 1. Then p; =
Nai/(N-1) and po = w*az* £ a,. Wha hgppens is this as trade is opened, w* rises in the
foreign country as it shifts from the oligopoly (e g arplanes) to the compstitive industry
(eg., bread). As long as the wage increase in the foreign country satisfies w*ay* £ ay,
workers in the home country cannot lose; the worse they can do is face the same price of
good 2 as in autarky. This holds regardless of our demand assumption (Ruffin, 2003). The
exigence of a potentid competitor in the home country to the foreign country’s naturd
export good sds an upper limit to the improvement in the foreign country’s double factora
terms of trade, and guarantees that the home worker will not lose from trade.

The economic intuition issmple. When trade is opened, in the home country labor is
shifted from breed to arplanes and the opposite happensin the foreign country. Indeed, if the
arplane industry faces awesk enough oligopaly, the airplane indudtry in in the foreign
country shuts down. Wages in the foreign country rise rddive to wages in the hame country
where the bread industry shuts down. Let us take the home wage as given. Then thewagein
theforeign country, w* , isrigng. Foreign workers are clearly alot better off because their
wages arerisng and the price of the oligopalistic good is fdling with the price of bread risng
in proportion to wages. I1n the home country, the oligopoly price remains the same, but the
price of bread falls, which shuts down the bread industry. Workers are better off with same
wages, lower import prices, but not aswell of asin the foreign country.

But the home country gains more from trade than than the foreign country because it
benefits from the favorable terms of trade arising from its oligopoly power in world markets
whereas the foreign country’s export industry is competitive. If the oligopoly power grester,
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wages in the home country are depressed further compared to foreign wages, and this
eventudly makes the home country’s bread industry competiive. If that isthe case, home
workersin will be no better off by trade.!

Make oligopoly power even gregter, the wage in the foreign country cannot rise
relative to home wages because both bread industries must be competitive, but the higher
price of airplanes alows the foreign country’ s airplane industry to become competitive. Now
trade would benefit workers in the home country as the price of arplanes would fal.

A further conclusion is of greet interest: antitrust policy is generdly regarded as more
useful to a country if it does not face international competition.®  But the truth is exactly the
opposite. If the country faces internationa competition, that means the oligopoly is so srong
a home that it permits the hightcost foreign riva to operate. Greater competition will enable
the home country to speciaize more in the good in which it has a comparative advantege. If
thereisno internationa competition, antitrust policy in the home country backfires because it
samply lowers the price of airplanes, which are exported, and worsens the terms of trade. The
country isworse off, but workers are better off!

A worked out example based on the above theorem and equations (9) -(14) follows.
LetL=L*=200,a1=a = 4;, andaz =ar*=5. Leew=1. If N=3or 4,weaein
dagell aove. IfN = 2, wearein stagelll. In both stages, w* = ay/a,* = 5/4 = 1.25. Letuy
and u,, denote the utility levels of the economy and workers, respectively, and ua, the utility of
the economy at autarky. Under the assumptions, autarkic utility isthe same in both countries.
Table 6 shows the gpproximate solutions for the crucid varigbles for different levels of
comptitionfrom N = 2toN = .. Comparing columns (5) or (6) with (14) enables oneto
compute the gains from trade to the entire economy. Home exports can be deduced from

columns (9) and (10).
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Note it makes no difference that we assumed the same number of potentid firmsin
industry 1 in both countries because when N = 3, industry 1 shuts down in the foreign country
regardless of the number of firmsin that country.

Notice that when the world economy isin stage |, an increase in competition in the
home country will drive the industry abroad out of business asits output fals from 6.9 to 0.
Thereis an improvement in both economies as well as workersin both countries. Although
the terms of trade of the home country declines, the expansion of internationd tradeis
aufficiently beneficid to improve homered income. Prior to increase in competition, the
home country exported 11.7 units of good 1. Now, when N = 3, the home country exports
20.8 units of good 1 (most a doubling).

However, in sage |1 the home industry does not face internationa competition. If the
number of firmsincreasesto N = 4, dueto a perfectly executed antittrust policy, home
welfarefdlsfrom 26.4 to 25.6. Workersin the home country gain substantidly, so antitrust
policy isin effect a policy intended to improve income distribution.

5. Conclusions
Oligopoly does not materidly affect the law of comparative advantage. Indeed, the

Ricardian specidization sory can be easly modified to explain how strong oligopoly smply
causss both countries to produce both goods. If thereis equa but strong oligopoly power in
both sectorsin both countries, the gains from trade are smdler under oligopoly but the gains
to workers larger than under perfect competition.

Thereis no difficulty in writing out the equations of generd equilibrium under the
assumptions of congant returns to scae, identical and homothetic utility functions, and eech
firm acts as a Cournct oligopolist and assumes the prices of al other goods and factorsto be
congant. All that changes from perfect competition is that instead of price equas the cost of

production for eech good in each location, thereis a supply equation for eech good and
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location that Smply reflects the Cournot addition over the firgt order conditionsin each each
location and indudtry.

When there is aligopoly in one sector and perfect competition in the other, the country
with a comparative advantage in the oligopoly will gain more from trade than the other
country, but workersin that country gain less and may not gain anything. Perfectly executed
antittrust policy will bendfit the country with a comparative advantage in the oligopaly if the
oligopoly facesinternationd competition. If thereisno international competition, increased
competition will Smply reduce the terms of trade, hurt the country as awhole, but benefit
workers. Because of its intuitive goped, this result would probably hold in amore generd
modd (with different demand conditions), but it is an open question. The country thet has a
comparative advantage in the oligopoly will have alower double factord terms of trade and,

as a consequence, tend to be more diversfied.
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Notes

! For early contributions see Brander (1981) and Eaton and Grossman (1986). See Dixit
(1984), Helpman and Krugman (1985), and Chang and Katayama (1995) for reviews of the
literature. Neary (2002) and Ruffin (2002) emphasize generd equilibrium. Helpman and
Krugman (1985) consider generd equilibrium for oligopoly in the specid case in which there
isfector price equdization and a sufficient number of competitiveindudtries.

21n Ruffin (2002) | examinein detail the preceeding Ricardian case dlowing for different
degrees of oligopoly power acrossindudtries.

3 The production structure is the same as Samuelson (1954).

4 Equations (3) suggests our previous calculation that with arplane trips and bread sdling for
$6 and sdling the same number of unitsin world markets (due to symmetry), the ratio of
outputs would have to just equa the rétio of the profit margins.

® Markusen (1981) examines a situation in which neither country has a comparative advantage
in order to focus on the impact of sngle-sector monopoly when one country is larger than the
other.

® See Dixit (1984) for adiscussion in a partia equilibrium setting.
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Country/Goods Airplanes  Bread
Home R $5

Foreign % 4

Table 1: dallar costs of production with wage equd to $1 in both countries
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Country/Goods Airplanes  Bread

Home $8 $10

Foreign $10 8

Table 2: Autarky prices: strong dligopolies
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Country/Goods Airplanes  Bread
Home % ) HBEY

Foreign % $) BB

Table 3: Free trade prices (profit marging): strong oligopolies
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Country/Goods Airplanes  Bread

Home $ $6.25

Foreign $6.25 %

Table 4: Autarky prices wesk oligopolies

21



Country/Goods Airplanes  Bread

Home $ $%

Foreign % $5

Table 5 Freetrade prices. wesk oligopolies
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N P R w oy u U W D1 Q Q Qrf QF uy=u.

e @6 66 O 6@ O W a 12 13 @4

2 68 5 125 252 217 171 213 216 333 134 69 414 211
3 6 5 125 264 228 182 228 242 45 4 0 50 219
4 5335 125 256 242 194 242 248 482 14 0 50 221

pn4 4 1 25 25 2 20 20 25 224

Table 6: The impact of increased competition
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