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1. I NTRODUCTI ON

The following two observations provoked a | ot of discussion in

the international trade literature

(a) After converting all prices to dollars, we find large price
di fferences across countries (the purchasing power parity puzzle) and
(b) Countries trade in simlar goods: They exchange cars for cars,

beer for beer and so on

Here | propose to explain these observations with the uncertain
and sequential trade (UST) nodel. UST nodels are based on ideas in
Prescott (1975) and Butters (1977). Prescott considers an environnent
in which sellers set prices before they know how nany buyers will
eventual |y appear. He assunes that |ess expensive goods will be sold
bef ore nore expensive ones and obtains an equilibriumtrade-off
between the price and the probability of naking a sale. A sinilar
trade-off arises in Butters (1977). In both nodels sellers conmit to
prices before the realization of demand. In the UST approach taken by
Eden (1990), trade is sequential and an equilibriumdistribution of
prices is obtained even though sellers are allowed to change their
prices during trade. The UST approach was recently used by Bental and
Eden (1993, 1996), Eden (1994), Lucas and Wodford (1994), Wodford
(1996) and WIlianmson (1996) and Dana (1998).

It was argued in Eden (1994) that since only the distribution
of prices must adjust to changes in the noney supply, it is possible
that sellers will adjust their prices in "junps". A seller who quoted
a price which is at the upper end of the equilibriumprice

distribution may let inflation erode his real price because he is



fully conpensated by an increase probability of making a sale. This
sell er may choose to change his nominal price quotation only when his
real price hits the floor of the equilibriumprice distribution
(because reducing the price below the | ower bound of the distribution
does not increase the probability of making a sale).

Thus sellers may follow an (S,s) type strategy for adjusting
nom nal price even when changi ng nom nal prices is costless. In the
first part of this paper | apply this idea to explain the purchasing
power parity puzzle.

In the second part of the paper | consider a single good world
econony in which all countries have access to the sanme constant
returns to scale technology. | argue that differences in the
probability distribution of demand across countries will generate

trade. But trade may not lead to a Pareto inprovenent.

2. THE PURCHASI NG PONER PARI TY (PPP) PUZZLE

There is anpl e evidence that PPP does not hold. Cbstfeld and
Rogof f (1996) argues that for countries with floating currencies and
open capital markets the exchange rates are an order of magnitude
nore volatile than the ratio of the CPlIs which hardly noves at all
(page 606, see their Figure 9.2). An immediate corrollary is "that
the short-run volatility of real exchange rates is very sinmlar to
t hat of nominal exchange rates".

The distinction between traded and non-traded goods does not
provide a full explanation for the PPP puzzle. In a recent article,
Engel (1999) | ooked at five different measures of non-traded goods
and real exchange rates. He concludes that relative prices of non-

traded goods do not account for nmovements in the US real exchange



rate. Transportation costs also fail to provide a full explanation
Engel (1993) conpares US w th Canadi an consunmer price data. In nore
t han 2000 pairw se conparison of prices along the US/ Canadi an border
he finds that the between countries variability is nuch larger than
the within countries variability.

Rogoff (1996) provides a survey of the extensive literature
that study PPP. He concludes that "International goods narket, though
becoming nore integrated all the tine, remain quite segnented, with
large trading frictions across a broad range of goods. These
frictions nay be due to transportation costs, threatened or actua
tariffs, nontariff barriers, information costs, or lack of |abor
nobility. As a consequence of various adjustnent costs, there is a
| arge buffer w thin which noninal exchange rates can nove without
produci ng an i medi ate proportional response in relative donestic
prices." Rogoff (1996, page 665).

Here | attenpt to explain the PPP puzzle in a fully integrated
world econony in which there are no transportation costs and ot her
barriers to trade. The only so called friction is the UST friction
buyers arrive sequentially and sonme irreversible trade nust be nade

before the conplete resolution of uncertainty about demand.



THE MODEL

Since in a UST equilibriumsellers are indifferent about prices
in the equilibriumrange they may | et exchange rate shocks affect
their real price provided that the real price stays in the
equi libriumrange. Thus the sane argument that was used to explain
the "bad" behavi or of prices across individual stores can be used to
explain the "bad" behavior of prices across individual countries.

| use a cash-in-advance econony and assune that all currencies
can be used to satisfy the cash-in-advance constraint. Therefore as
i n Karaken and Wal |l ace (1981) the expected rate of return on all
currencies nust be the sane.

| consider a world econony with J currencies (indexed j) and N
infinitely Iived households. As in Lucas (1980), each househol d
consists of a seller (worker) and a buyer pair. At the beginning of
the period the worker goes to work. The buyer |earns about his denand
(taste shock) and if he wants to consune he takes the avail abl e noney
and goes shopping. After trade in the goods market is conpleted the
sell er takes his revenue in the formof cash (a portfolio of
currencies). At the end of the period the two nenbers of the
househol d reunite and consune whatever the shopper has bought.

At the beginning of the period each househol d hol ds nmany
currencies. Let Nrt denot es the amount of currency j held by househld
h at time t and let E denotes the value of currency j in terns of

dol lars. The dollar value of the currencies held by household h is:

(1) N{]:quzl Eit’\’rt'



In addition, all households get a perfectly anticipated |unp sum
transfer. The transfer paynent may be in various currencies and the
conposition of currencies need not be the sanme for all househol ds but
the dollar value of the transfer paynent is the sane for al
househol ds and is equal to G. The average per-househol d post
transfer amount of nmoney is: M = G + (1/N)ZEL1N? dollars. The rate
of change in the world noney supply is constant over tine and is
given by: M4+1/M =1 + L

It is assuned that exchange rates are deternined at the
begi nning of the period in a random nanner but on average they are

expected to remain constant:

(2) E(§t+1l Et) = Et,

where E denotes the expectations operator. Under (2) a risk neutra
seller will accept payment in any currency.?

The household is risk neutral and its single period utility is:
Ocy - v(Lt), where c is the quantity consuned, L is the quantity
produced and 6 is a random variable that takes two possible
realizations: 0 if the household does not want to consune and 1 if it
does. The cost function v( ) has the standard properties
(vt >0 and v'' > 0 everywhere) and the househol d's di scount factor
is 0 <B <1l The representative household' s utility function is

gi ven by:

2 To see that, consider a seller who posts the price of 1 dollar. If
instead of a dollar the seller gets 1/Ejy units of currency j he
wi Il have next period Ejt+1/Et dollars, which under (2) will equa

on average to 1 dollar.



(3) E % B'l6c - v(L)].

There are S possible states of the world. In state s a fraction
¢@s of the agents experience 6 = 1 and want to consune. It is assumned
that: @ < @ < ...< @s. The probability of state of the world s is
Mg. The probability that the state of the world is greater than or
equal to s is denoted by gs. For notational convenience | set ¢g = 0.

The probability that 6 = 1 is the same for all agents and is
equal to @ if the aggregate state is s.

Buyers who want to consume spend all the noney they have. From
the seller's point of view nom nal demand in aggregate state s is
OoM(1 + p) dollars or @ normalized dollars, where normalized
magni t udes are nom nal nagni tudes divided by the post transfer noney
supply: M (1 + p).

As in previous UST nodel s buyers arrive sequentially at the
mar ket - pl ace. The first ¢ normalized dollars arrive with certainty
and buy in the first market at the price pp (normalized dollars per
unit). After transactions in the first market has been conpleted
there can be two possible events: either trade ends or an additiona
batch of @ - @ nornalized dollars arrive (with probability qp). If
the second batch arrives it buys in the second market at the price
p2. In general, after the conpletion of trade in market s there can
be two possibilities: either trade ends or an additional batch of
@Os+1 - @s opens narket s+1 and buys at the price ps+1

Wor ker s/ sel l ers choose how much to produce and nake a
contingent plan which specifies the amount that they will sell to
each batch if it arrives. This contingent plan is described as an

al l ocation of output across the potential markets: kg to market s.



The sequence of events within the period is as follows. Doll ar
prices are announced for each of the S nmarkets and the dollar
exchange rate for each of the J currencies. The worker produces and
al | ocates his output across the potential markets.3 Buyers then
receive a transfer paynment and | earn about their desire to consune.
Buyers who want to consune arrive sequentially at the narket-pl ace.

This is illustrated by Figure 1.

Production and the Agent learn Sequential
allocation of output about their arrival of
across markets. desire to buvers who
Frices and exchange Consume want to consume

rates are announced

Figure 1

G ven that s nmarkets open this period, the expected purchasing

power of a portfolio which is worth one nornmalized dollar is:
s s
(4) Zg :Zizl(Ui/pi)i

wher e uf is the probability that the dollar will buy in market i when
s mar kets open: Uf = (g - ¢-1)/0¢s.
| use lower case letters to denote nornalized noni na

magni t udes. The househol d starts with a portfolio which is worth m

normal i zed dollars and receives a transfer worth g nornalized

3 During trade, there are no incentive to change the allocation of

goods across markets or to change prices.



dol I ars. 4 The Bel | man equation which describes the househol d's choice

problemis:

(5) V(M = nmax zgzl Msgs(m + g)zs - V(Z;Q’:l Ks)

+BEo ) Ms{ V(S -y pikidal + (1 - @)V[(m+ g+ 5 _; piki)ed},
where w = (1 + w1 is used to convert current normalized dollars
into next period' s normalized dollars and the naxinization is with
respect to kg. Here V(m) is the maxi num expected utility that the
househol d can achieve if it starts with a pretransfer portfolio which
is worth mnornalized dollars; Z§:1 Mses(m + g)zg is the expected
current consunption; v(Z?z1 kg) is the utility cost of producing

L = Z?zl ks units. To understand the future utility terns note that
the worker's revenue is Zle piki if s markets open this period. Wen
0 = 1 the buyer spends everything he has and the household will have
at the end of the period a portfolio which is worth Zf:l pi Ki
normal i zed dollars which will be worth, in the next period,

(Z?zl pi ki) w normal i zed dollars. Wien 6 = 0 the buyer saves
everything and the household will start next period with a portfolio
which is worth (m+ g + Zle pi Ki ) w normal i zed doll ars.

To state the first order conditions for an interior solution to
(5) | compute the expected utility froma portfolio which is worth
one nornalized dollar (where expectations are taken before the

realization of the taste shock). In aggregate state s, the nornalized

dollar will buy on average zg units if the buyer want to consune

4 Since we nornalize by the post transfer noney supply:

g=Ww(1l+p.
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(with probability @) and will be saved and becone w nornalized
dollars in the next period if the buyer does not want to consune. The

expected utility froma normalized dollar is thus:

(6) z = So_,Ns[szs + (1-¢5) Box].

Using C = Z?zlﬂs(l—qg) to denote the unconditional probability

of not wanting to consune, we can solve (6) and get:
_ -1<S
(7) z = (1 - (Pw) 2 _1MsPszs.

The expected utility fromsupplying a unit to market s is
gspswz: If the market opens (with probability gqgs) the seller will get
ps nornmalized dollars worth which will turn into psw next period's
normal i zed dollars worth and bring on average pswz utils. The first

order conditions to (5) can therefore be witten as:
_ _ .S
(8) gsPpswz = Bprwz = v (ZS:]_ Ks),
whi ch says that the discounted expected utils from supplying a unit
is the same for all markets and is equal to the marginal cost.

Synmetric UST equilibriumrequires that the first order

conditions (8) are satisfied and narkets which are open are cl eared:
(9) psks = @ - @s-1 ; for all s.
| now turn to discuss asymetric equilibria.

Sellers post prices in terns of the |l ocal currency:
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The above symetric formul ati on assunmes that the representative
househol d al |l ocates capacity to all S markets. We may think of this
allocation as a price setting choice: The seller post nmany prices and
puts the price tag ps on kg units.

I now assume that each seller quotes one price only. According
to this interpretation a fraction kg/L chooses to participate in
market s and offer to sell at the price pg. It is inportant to note
that the expected utility of the seller does not depend on his choice
of price (market) as long as the price renmains in the equilibrium
range. To sinplify the discussion | assune that the probability
di stribution of ¢ can be approxi mated by a continuous distribution
and therefore sellers are indifferent about any price in the
equi libriumrange p1 to ps.

| also assunme that househol ds are distributed over J groups
(countries) and that sellers in group j quote their price in ternms of
currency j (but nevertheless are willing to accept paynent in any
other currency). Since sellers are indifferent about prices in the
equi li briumrange they may not change the price quotation in terns of
the I ocal currency in response to changes in the exchange rate. If
for exanple, currency j was deval ued the dollar value of the price
gquoted in currency j decreased. But if it remains in the equilibrium
range, the increase in the probability of making a sale fully
conpensate for the reduction in the dollar value of the price. Thus
nom nal prices in any individual country nay appear to be sticky in
spite of the perfect flexibility of the world distribution of prices.

I now turn to two exanples which illustrate this point.
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Exanple 1. There are two potential markets. In equilibrium the price
inthe first nmarket is 1 dollar worth and the price in the second
market is 2 dollars worth. The equilibriumsupply is one unit to each
mar ket .

There are two countries: US and Gernany. At time t, the val ue
of the mark in ternms of dollars - the exchange rate - was one. US
sellers supplied one unit to nmarket 1 and Gernan sellers supplied one
unit to nmarket 2. At tine t + 1, the exchange rate changed from1l
dollar per mark to 0.5 dollars per mark and this change was foll owed
by a transfer payment which kept the world noney supply constant.

In Table 1, | calculate different alternative adjustnents
possibilities to the change in the exchange rate. Initially the ratio
of dollar prices inthe US (P) to dollar prices in Germany (EP*) is
0.5. After the shock sellers in Gernmany who quote a price of 2 marks
will find thenselves in market 1. Since after the shock, there are
two units in market 1 and no supply to market 2 soneone nust change
his price. One possibility for restoring equilibriumis that German
sellers will change their price to 4 marks. In this case the ratio
P/EP" will not change. Another possibility is that US sellers will
increase their price. In this case PPEP* will go up to 2 reflecting
the fact that Germany becane cheaper. A third possibility is that ¥,
of the US sellers will change their nomnal price to 2 dollars and ¥,
of the German sellers will change their nonminal price to 4 narks.
This will result in a symetric allocation which also inplies that
Germany becane cheaper after the devaluation. Thus it is possible
that after the deval uation, Germany becane cheaper and nomi nal prices

| ook sticky.



13

Table 1: The adjustment to a change in the exchange rate from
one dollar per mark to 0.5 dollars per mark

Quantities supplied Market 1 Market 2 P/IEP"
(pl =1 ) (pz = 2)

Before the shock 0.5
us 1

Germany 1

After the shock

us 1

Germany 1

After adjustment (a) 0.5
us 1

Germany 1

After adjustment (b) 2
us 1

Germany 1

After adjustment (c) 1
us 0.5 0.5

Germany 0.5 0.5

Wth a continuumof countries it is easier to get clean
exanpl es in which sellers do not change their price quotation in

response to changes in the exchange rate.

Exanpl e 2: There is a continuum of countries. The total equilibrium
supply of the world economnmy is 2 units: One allocated to market 1 and
one allocated to market 2. Equilibriumprices are also the sane as in
exanple 1: the price in market 1 is 1 dollar worth and the price in

market 2 is 2 dollars worth.
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Suppose that at time t the exchange rate of currency j was 1
and sellers in country j supplied to market 2. Sinmilar to the
previ ous exanple, currency j depreciated at t + 1 and is now worth
0.5 dollars. If sellers in country j do not change their nonina
price quotations (in ternms of their currency) they will find
t hensel ves supplying to narket 1. Since the country is small the
noverrent of supply frommarket 2 to narket 1 does not require any
further adjustnent. In this case, the dollar price of sellers in the

deval uing country will go down by the percentage of the deval uation

Note that in this exanple, prices in terns of individua
currencies do not nove and therefore we will observe the excess
volatility of the exchange rates as docunented by CObstfeld and Rogof f
(1996) and the "border effect" in Engel (1993). Finally, an increase
in the volatility of the exchange rates leads to an increase in the

volatility of the real exchange rate as in Miussa (1986).

3. THE TRADE I N SI M LAR PRODUCTS PUZZLE

In classical international trade theory (the Heckscher-Chlin
nodel ) countries with a relative |arge endowent of |abor export
| abor intensive goods and inport capital intensive goods. But we
observe a lot of international trade in simlar products: cars for
cars, beer for beer, wine for wine and so on. For exanple, the USA is
the | argest car producer and also the |argest car inporter.

Model s with increasing returns to scale and nonopolistic
conpetition are often used, to account for these observations. See
for exanple, Chanmberlin (1933), Dixit and Stiglitz (1977), and

Hel pman and Krugnan (1985). Here | use the above UST nodel which does
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not invoke nonopoly power and increasing returns to scale. It is
shown that incentive for international trade will emerge in a single
good worl d econonmy whenever the probability distribution of demand is
country specific. However, trade does not always results in a Pareto
i mprovenent.

As in the previous section there are S possible states of the
world. But here the fraction of households who want to consune varies
across countries. | use ¢s to denote the fraction of the residents
in country j who want to consunme in state s and assune, for
sinmplicity, that the ordering of the state is the sane for al
countries: @1 < @2 <...<g@sfor all j.

For further sinplification, | assume that all countries use
dollars and the noney supply grow by the sane percentage in all
countries. Under autarky, dollars may change hands only between two
residents of the sane country. Under free trade dollars can change
hands between any two individuals.

| start with the case of autarky. The expected purchasi ng power
of a nornalized dollar held by a country j buyer who wants to consune

is:
' S S
(4") Zjs = zi:l(uji/mi)'

wher e Ufi is the probability that the dollar will buy in market

when s markets open: Ufi = (@i - ¢,i-1)/®. The expected utility

froma nornalized dollar held by a resident of country j is:

(7') zj = (1 - §B 1o Msqszjs,
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where (; = 25:1”5(1'453) is the unconditional probability of not
wanting to consune.

Equilibriumin country j requires the first order condition (8)
and and the narket clearing condition (9) which are rewitten here

with an added country i ndex:

LS
(10) asPpjswzj = Bpjarwzj = V' (Z5_q Kjs):

(11) Pjskis = @§s - @§s-1: for all s.

The solution to (10) and (11) depends on the vector
(1, %2, ---, @s) and will therefore be different across countries.
In particular, the price pjs are country specific and therefore
i ndi vidual s have an incentive to use noney for buying and selling
goods in other countries. A seller in country j will have, for
exanpl e, an incentive to sell in country j' if there is a market s
for which: pjrs > pjs.

| nowillustrate by a symetric exanple, that trade can bring a
Pareto i nprovenent even when there is only one honbgeneous good and
all producers have access to the same constant returns to scale

t echnol ogy.

Exanpl e 3. There are two symmetric countries with the sane popul ation
and the same i ndependent distribution of demand: Either half of the
residents want to consune or all of the residents want to consune;
wi th equal probabilities of occurrence.

There are four states of the world which occur with equa

probabilities. In state 1 demand is low in both countries, in state 2
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and 3 it is lowin one country and high in the other and in state 4

it is high in both countries:

(12) P11 = ®1 = Yy @2 =1 and @ = Yy

M3 = Y, and @3 = 1; ¢a = 1 and @pg = 1.

Under autarky, there are only two potential narkets in each country:
Market 1 opens with certainty and face the demand of Y, nornmalized
dollar per seller. Market 2 opens with probability ¥, and if it opens
it will face the demand of ¥, normalized dollar per seller. The
expected utility froma nornalized dollar (Using equations [4'] and

[6'] and dropping the country index) is:
(13) zy = 1/p1;
z2 = (Y2 (1p1) + (Y2 (1p2) ;
z = (Y[ (Y)z1 + (V) Buz] + (Y2)z2.
To allow for nunerical solutions, | assume v(L) = L2. Under

this assunption, the first order condition for the household's

probl em (5) are:

(14) 2L = Bwp1z = (¥ Bwpgz; L = ki + ka.

And mar ket clearing conditions are:

(15) pik1 = Y, 5 pok2 = Y,
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Equi l'i bri um under autarky (the sane for both countries) is a
solution (p1, p2, 21, Z2, z, ki1, kp, L) to (13) - (15). The anal ytical

solution is:

(16) p1 = 2.4/Bw - 0.6 ; p2 = 4.8/Bw- 1.2 ;
z1 = 1.666Bw (4 - Pw); z2 = 1.25Bw/ (4 - Bw); z = 4.16Bw (4 - Pw)?;
ko = 0.416Pw (4 - Pw); ki = 0.833Bw/ (4 - Bw; L = 1.25pw (4 - Pw).
To illustrate, Table 2 conputes the nunerical solution for

various |evels of Pw.

Table 2: Equilibria under autarky (the symmetric case)

p1 p2 z k1 ko L
Bw=1 1.8 3.6 0.463 0.278 0.139 0.417
Bw=0.95 1.926 3.853 0.426 0.260 0.130 0.39
Bw=0.90 2.066 4,133 0.390 0.242 0.121 0.362
Bw=05 4.2 8.4 0.170 0.120 0.060 0.18

Under risk neutrality, welfare is an increasing function of the

expected real wage, w = PBpiwz, and can be measured by:

(17) A(wW = max w - v(L),

where A(w) is the expected utility of the representative consumer as
a function of the expected real wage, w. Note that since the first
order condition to (17) is v'(L) = w welfare is nmonotonic in both w
and L.

The expected real wage under autarky is:
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(18) W= Bwp1z = 9.984Bw (4 - PBw)2 - 2.5(Pw) 2/ (4 - Pw)?.

Allowing for international trade:

I now allow international trade. The fracti on of househol ds who
want to consume out of the entire world population is: Y, or 34 o0r 1
with probabilities: Y4 15 1, (The first realization occurs when
demand in both countries is |low, the second occurs when demand is | ow
in one counrty and high in the other and the third occurs when dermand
is high in both countries).

There will be three potential markets in this case.

Market 1: Demand (per seller) is Y5 normalized dollars and it opens
with certainty;

Market 2: Demand is Y, normalized dollars and it opens with
probability 34

market 3: Demand is Y, normalized dollars and it opens with

probability 1/,

The expected utility froma nornalized dollar can be derived

fromthe foll owi ng conditions:

(19) z1 = 1/ p1;
zp = (43 (1 p1) + (Y3)(1/p2);
z3 = (Y2 (1 py) + (Ya)(1p2) + (Y4 (1 p3);

z = (Yl (Y)z1 + (V) Bwz] + (V) [(Yaz2 + (Yag)Buz] + (Y4 z3.

The first order conditions for (5) are now given by:
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(20) 2L = Pprwz = (¥ 4)Ppowz = (Y4) Pp3wz; ki + kz + k3 = L.

Mar ket clearing conditions are:

(21) piky = Yo pok2 = Y4 p3ks = Yy

Equilibriumin the integrated econony is a solution

(p1, P2, P3, Z1, Z2, 23, z, L, ki, k2, k3) to (19) - (21). An

anal ytical solution of the main variables is:

(22) p1 = (2.286/Bw) - 0.571; po = (3.048/21Bw) - 0.286;
p3 = (9.143/pBw) - 2.286;

Z = 4.594Bw (4 - Pw)?; L = 1.313Bw/ (4 - Pw).

To illustrate, | conpute in Table 3 the nunerical solution for

the four alternative values of Pw which were used in Table 2.
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Table 3: Equilibria for the integrated world economy (the
symmetric case)

P1 p2 p3 z L
Bw=1 1.714 2.286 6.857 0.510 0.438
Bw=0.95 1.835 2.446 7.338 0.469 0.409
Bw=0.90 1.968 2.624 7.873 0.430 0.381
Bw=05 4.0 5.333 16.0 0.188 0.188

Note that in the integrated econony, the expected real wage is:

(23) W = Bwp1z = 10.5Bw (4 - Pw)2 - 2.623(Pw) 2/ (4 - Pw)?2.

This is larger than the real wage under autarky (18) and therefore
wel fare in both countries goes up as a result of trade. Conparing
Tables 2 and 3 reveals that the real wage went up by about 5% as a
result of trade and therefore the supply in the integrated econony is
hi gher (al so went up by about 5% . The reason for the higher rea
wage is the increase in average capacity utilization

Thus we have shown that in the symmetric case, trade |leads to
Pareto i nprovenent. In the next exanple | show that this is not

al ways t he case.

Exanpl e 4: Assynetric countries

There are two countries. In country 1 all househol ds al ways
want to consune. Country 2 is identical to the representative country

in the previous exanple: either all the househol ds want to consune or
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hal f of the households want to consune. As in the previous exanpl e,

assume v' (L) = 2L.

Under autarky there is only one market in country 1. Using x to

denot e t he purchasi ng power of a normalized dollar in country 1 we

can define equilibriumas a vector (p, X, L) such that:

(24) x = 1p
(25) v' (L) = 2L = Bupx = Pw
(26) pL = 1.

The anal ytical solution for (24) - (26) is: p = 2/Bw, x =L = Bw 2.

The equilibriumsolutions for different values of Bwis given in

Tabl e 4.

Table 4: Equilibria for Country 1

p=2/Bw X =Bw?2 L =pwi2
Bw=1 2 0.5 0.5
Bw=0.95 2.105 0.475 0.475
Bw = 0.90 2.222 0.450 0.450
Bw=05 4 0.25 0.25

The equilibriumsolutions in country 2 for the case of autarky

were already computed in Table 2.
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Allowing for international trade:

Assune now that these two asynmetric countries open to trade.

The fraction of househol ds who want to consume out of the
entire world populationis: 34 or 1 with equal probabilities of
occurrence. There will therefore be two markets. Market 1 will open
with certainty and will face the demand of %4 normalized dollars per
seller. Market 2 will open with probability ¥, and will face the
demand of ¥4 normalized dollars per seller

The expected purchasi ng power of a normalized dollar if exactly

s markets open is now given by:

(27) z1 = 1/p1

(28) z2 = (Y9 (Up1) + (Y4 (1 p2).

The expected utility froma nornalized dollar is not the same
for the residence of both countries because of the difference in the
desire to consune. | use x (y) to denote the expected utility froma
normal i zed dollar held by a resident in country 1 (country 2). These

are defined by:

(29) x = (Yz1 + (Y22

(30) y = (Y[ (YDz1 + (V) Buy] + (Y2)z2.

Since the expected utility froma normalized dollar varies across

countries the real wage and | abor supply varies across countries.

Using Lj to denote the labor supply in country j and using
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v' (L) = 2L, leads to the following first order conditions (assum ng

an interior solution):

(31) 2L1 = Pwp1Xx,
(32) 2L = Buwpiy,
(33) p1 = (¥ p2.

In equilibrium narkets which open nust clear

(34) p1ky = 34,
(35) poka = 1y,
(36) ki + ko = (Y2 (L1 + L2),

where the |ast equation requires that the total supply is equal to

t he average per seller |abor supply.

Equilibriumfor this world is a vector

(P1, P2, z1, z2, X, Yy, Li, Lz, ki, kp) that satisfy (27) - (36).

The full analytical solution for all the variables is rather
conplicated. But the analytical solution for L1 is sinple. It is:
L1 = 0.469Bw. This is less than the supply in country 1 under autarky
(0.5Bw). Since labor supply is increasing in the expected real wage
and wel fare, we conclude that welfare in country 1 went down as a

result of trade.
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The anal ytical solution for the |abor supply in country 2 is:
1.375Bw (4 - Bw). This is larger than the | abor supply in country 2
under autarky (1.25Bw (4 - Bw)), indicating an inprovenent in
welfare as a result of trade. For the sake of conparison, the

solutions for alternative values of Pw are in Table 5.

Table 5. Equilibria for the integrated world economy (the
asymmetric case)

p1 p2 X y L1 Lp Ky Ky
Bo=1 1.888 3775 0499 0486 0469 0.458 0.397 0.066
Bw = 0.95 2.003 4006 0468 0450 0445 0.428 0.374 0.062
Bo = 0.90 2131 4263 0440 0416 0422 0.399 0.352 0.059
Bw=05 4.062 8124 0231 0193 0234 0.19 0.185 0.031

The result that trade is not always Pareto inproving is
surprising because here each country is represented by a single
agent. This occurs because in the UST nodel trade may lead to a
decline in average capacity utilization. As will be seen in the next
section, this is special to the UST nodel: In the standard nodel,
capacity is always fully utilized and therefore trade leads to a

Pareto i nprovenent.

Conparison with the standard Wl rasi an nodel

In the standard Walrasi an nodel, information about the state of
the worl d becones public know edge before the beginning of trade. Let
p1 denote the Walrasian price when world demand is high and py denote

the Wal rasian price when world denmand is | ow. The purchasi ng power of
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a normalized dollar for the residents in country 1 and 2 are given

by:
(37) x = (Y2 (1 p1) + (Y2)(1p2)
(38) y = (Y2[(Y2)(Up1) + (Y2)Bay] + (Y2)(1/p2).

Supply decisions are nmade prior to the realization of denmand and

depend on the average price:

(39) p=(Y2)p1 + (YI)p2

Labor supply is deternined by:

(40) 2L = Puwpx
(41) 2Ly = Puwpy
(42) L= (Y)(L1 + Ly,

where Lj is the supply of labor in country i and L is the average per
househol d | abor supply.

The demand is 3/4 nornalized dollars per seller in state 1 and
one nornalized dollar per seller in state 2. Market clearing

conditions are therefore given by:

(43) piL = 3/4,

(44) poL = 1.



27

A standard Walrasian equilibriumin the integrated econony is a
solution (p1, P2, P, X, V¥, L1, Ly, L) to (37) - (44). The solution to
the | abor supply in country 1 is 0.510(Pw). This is nore than under
autarky (0.5Bw) and indicates an inprovenent in welfare. The sol ution

for the four levels of Bwis given in Table 6.

Table 6: Equilibria for the integrated economy in the standard
model (the assymetric case)

P1 p2 p X y L1 Lo L
Bw=1 1.435 1914 1674 0610 0.639 0.510 0.535 0.523
Bw=0.95 1.524 2031 1777 0574 0592 0.484 0.500 0.492
Bw=0.90 1.621 2162 1.892 0.540 0.547 0.459 0.466 0.463
Bw=05 3.097 4129 3.613 0283 0254 0.255 0.229 0.242

Not e that uncertainty about demand leads to trade also in the
standard Wal rasi an nodel. For exanple, if the noney held by the
buyers of country 1 is larger than the value of the supply in country
1, then country 1 buyers will buy in country 2. But it is always the
case that only one country inports and only one country exports. In
the UST nodel, sellers fromall countries and buyers from al
countries participate in all markets and therefore in general we wll
get that all countries export and inport in the sanme period. This is
consistent with the observation that in each period we see the sane

country both inport and export the sane good.
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CONCLUSI ONS

In this paper we used the sequential trading nodel to address
two problens in international trade: The purchasi ng power parity
puzzle and the trade in sinilar goods puzzle. These problens were
addressed in an ideal environment in which all countries have access
to the sane constant returns to scale technology and there are no
transportati on costs.

The sequential trade nodel abandon the |aw of one price in
favor of an equilibriumprice distribution. Therefore there is no
difficulty in getting deviations fromPPP and in getting a high
correl ati on between the real and the noninal exchange rates. Wat nay
be nore surprising is that uncertainty about demand may | ead
countries to sinultaneously export and inport the same good. This
follows fromthe observation that under autarky the distribution of
equilibriumprices will in general be different across countries,
creating an incentive for international trade in the sanme good.

It is also shown that international trade does not always |ead
to Pareto inprovenent. This may occur in the UST nodel because trade
may i ncrease denmand uncertainty and reduce average capacity

utilization.
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