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1. I NTRODUCTI ON

The foll owi ng observations have provoked a | ot of discussion in
the international trade literature: (a) Countries trade in simlar
goods; (b) There are governnment made barriers to trade and (c) there
is a strong correl ation between changes in the real and the nonina
exchange rates.

These observations are sonetines regarded as puzzl es because
they are at odds with the inplications of the standard Wl rasi an
nodel . On the basis of the standard nodel we expect that only the
benefits fromtrade in goods that are not close substitutes wll
cover transaction and transportation costs. In the classic Heckscher-
Ohlin nodel countries with a relative |arge endowent of |abor export
| abor intensive goods and inport capital intensive goods. W al so
expect that in the absence of transactions costs governnments will
reach efficient agreenents anong thensel ves and pronote free trade
Finally, the I aw of one price suggests no correlation between changes
in the real and the nom nal exchange rate but CObstfeld and Rogoff
(1996) argues that for countries with floating currencies and open
capital markets the exchange rates are an order of nagnitude nore
volatile than the ratio of the CPIs which hardly noves at all (page
606, see their Figure 9.2). An immediate corollary is "that the
short-run volatility of real exchange rates is very simlar to that
of nom nal exchange rates". Earlier Missa (1986) has observed that an
increase in the volatility of the nominal exchange rate |eads to an
increase in the volatility of the real exchange rate.

Model s with increasing returns to scal e and nonopolistic
conpetition are often used to account for the trade in similar goods

puzzle. See for exanple, Helpman and Krugnan (1985). |In Newbery and



Stiglitz (1984) there is trade in the same good to snmooth consunption
over tine but in a given period each country is either exporting the
good or inporting it. It does not do both. Newbery and Stiglitz show
t hat when agents are risk averse and insurance nmarkets are inconplete
trade nay be Pareto inferior to autarky. This may provide a partial
expl anation for the barriers to trade question. A different approach
is taken in the political econony literature. Schattschneider (1935)
and A son (1971) argue that the benefits froma tariff is
concentrated in a relatively snmall group while the cost is spread
over a large group that cannot forman effective | obby.

Rogoff survey of the extensive literature on the purchasing
power parity puzzle. He concludes that "International goods narket,

t hough 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 | anal yze these questions in an uncertain and sequentia
trade (UST) nodel that assunes a conpetitive environment, a single
good, constant or dininishing returns to scale and risk neutrality.
Resi dents of the same country are ex-ante identical. There are no
"natural barriers to trade" |like transportation costs. The only so
called friction is the UST friction: buyers arrive sequentially and
some irreversible trade nust be nade before the conplete resolution

of uncertainty about denand and supply.



| discuss the incentives for trade fromthe individual agent's
point of view, fromthe individual's country point of view and from
the world's point of view | also discuss the effect of trade on
output. This is done in two nodels: A real nodel that assumes a
constant per unit cost of production and a single unit denmand
function and a nonetary cash-in-advance nodel that assumes increasing
mar gi nal cost of production. | start with a discussion of the

efficiency properties of the underline nodel.

2. EFFICIENCY I N UST MODELS

Uncertain and Sequential Trading (UST) nodels are based on
ideas in Prescott (1975) and Butters (1977). In a review article of
t he Phel ps vol unme, Prescott provides a counter exanple to the view
t hat precautionary unenploynent is likely to be excessive because
sell ers of |abor services have sonme nonopoly power. Prescott
consi ders an exanple in which sellers of notel roons set prices
bef ore they know how many buyers will arrive. He assumes that cheaper
roons are sold first and therefore in equilibriumsellers face a
tradeof f between price and the probability of making a sale.

In prescott's exanple all notel roons are the sane and all
buyers who arrive want a single roomand are willing to pay up to the
same reservation price. Prescott's conclusion is that "For this
exanpl e, which entails nonopoly power on the part of sellers facing a
stochastic demand, the conpetitive equilibriumis efficient. If
demanders were heterogeneous (in terns of preferences) and there were
het erogeneity in the type of roomsupplied, it is possible that these

concl usions would be altered. Until such an analysis is successfully



performed, | see no reason to conjecture that the natural vacancy
rate is either too high or too |low. " (page 1233).

In the UST approach taken by Eden (1990) an equilibrium
distribution of prices is obtained even though sellers are allowed to
change their prices during trade and have no nonopoly power. In this
nodel all buyers have the sane downward sl opi ng demand curves and
buyers who arrive first buy nore at lower unit prices. In terns of
the notel room exanple: Buyers who arrive early buy larger roons at a
| ow price per square nmeter. The UST outcone is efficient and may be
viewed as the execution of ex-ante contingent contracts. Thus
het erogeneity in the type of room supplied does not alter the
efficiency result.

Recently, Dana (1998) has extended Prescott's nodel to the case
of heterogeneous buyers. He concludes that in this case the
equi librium allocation may not be as good as the Wl rasi an outcone
because of price rigidity.

The conparison with the Walrasian nodel is appropriate if the
reason for the inefficiency is inrigid prices. In the UST nodel
consi dered here prices are not rigid. They do not respond to the
current realization of demand because of informational constraints:
Sel l ers must make irreversible trading decisions before they know the
real i zati on of demand. The question is whether a central planner who
faces the same informational constraints as the sellers in the nodel

can inprove natters.

3. A REAL UST MODEL

| consider an econony with two dates (t = 0,1) and two goods

(X and Y with |lower case letters denoting quantities).



There are S possible aggregate states of nature (indexed s)
where state s occurs with probability HS. There are J types of
sellers. The ability to produce depends on the aggregate state. If a
seller is able to produce he can produce as many units as he wants at
the price of A units of Y per unit of X The nunber of type j sellers
is n} and a fraction “js of them can produce in state of nature s.

The total nunmber of sellers who can produce in state of nature s is:

(1) M = Z “jsm

There are J types of buyers. A type j buyer demands one unit of
X at any price less than vj if he wants to consune and zero
ot herwi se. There are nj type j buyers and in state s a fraction %s
of themwant to consune. Aggregate demand per seller over all type j
buyers in state s at the price p is thus:

(2) N]S(p) = (pjsnj/Ms i f vJ. > p and zero ot herw se.

Aggr egat e denand per seller over all types in state s is:
(3) N(P) =% N (p).

Production occurs at t = 0. The state beconmes public
information only after the conpletion of trade at t = 1.

The Zlecqsnj buyers who want to consunme forma line by a
lottery that treats everyone synmetrically. After the line is forned,
buyers arrive at the market place one by one according to their place
in the line and choose whether to buy at the cheapest avail able

offer. Figure 1 illustrates the sequence of events.



Capacity Buyers learn Sequential
choice about their trade
desire to consume

Figure 1

Fromthe individual seller's point of view demand arrives in
batches. The first batch with A, buyers per seller arrives with
certainty. After the buyers in the first batch conplete trade a
second batch of A, buyers (per seller) may arrive. In general, there
can be two possible events after buyers in batch i conplete trade:
Either trade ends or an additional batch of A, ,, buyers arrive.

Figure 2 illustrates the sequential trade process.

End of rade
(su -

Figure 2

Sellers are price-takers. They behave as if they can sell any

amount at the price Pi to buyers in batch i if it arrives. Each
sell er makes a contingent plan to sell X; units to batch i if it
arrives.

It helps to think in terns of markets that open sequentially.
The first batch of buyers opens the first market. If the second batch

of buyers arrives, it opens the second nmarket and so on. The price in



market i is Pi' the quantity supplied to market i is X, per sell er
and the quantity denanded in narket i is Ai per seller. In

equi librium markets that open are cleared:

x. for all i.

(4) A,

Trade occurs sequentially but does not take real tinme. The only
infornation that the sellers receive during the trading process is
about the nunmber of batches that arrive: at stage i of the trading
process sellers know that i batches already arrived.

The probability that nmarket i will open, q; the price in
mar ket i, P, and the size of the batch that will trade in this
market if it opens (Ai) are all determi ned endogenously. An al gorithm
for conputing these equilibriumnmagnitudes is as follows. The first
mar ket opens when sone buyers want to consume (regardless of their
reservation price). The probability that the first market will open
is the probability that a state with strictly positive denand occurs.
This probability is denoted by - The price in the first market is:
P, = A/ql. At this price suppliers to the first market nake zero
expected profits (qlP1 = A). Market 2 opens if there are sone buyers
who wanted to buy in the first market but could not. In general, an
addi ti onal narket opens after transactions in nmarket i-1 are conplete
if there is residual demand: There are buyers who wanted to buy in
market i-1 at the price Pi_1 but could not nake a buy. W conpute the
probability that there is residual demand after trade in narket
i - 1is conplete and denote it by q; - We use this probability to
conpute the zero expected profit price in market i: Pi = A/qi. To
det erm ne Ai we conpute the mnimm (strictly positive) nunber of

unsati sfied customers who are willing to pay the price P..



Appendi x A provides a general treatment. It is shown there that
when the reservation prices are the same across types or (and) the
probability of wanting to consune is the sane across types, the UST
allocation is efficient in the relevant sense. W now turn to

exanples in which the allocation is not necessarily efficient.

Exanple 1. There are two types of buyers and two states of nature.
The nunber of buyers per type is n. Atype 1 buyer denands one unit
if the price is less than 7 and zero ot herw se

(v1 =7, @ = 9, = 1). A type 2 buyer demands 1 unit if the price
is less than 7 and s = 2 and denands zero ot herw se

(v, =17, @y = 0 and @y, = 1). Type j buyers reside in country j.

2
There is a known nunber of sellers in each country who can al
produce in both states at the unit cost of A = 5. (Thus there is no
uncertai nty about the supply).

Since there is no uncertainty about the demand in country 1,
under autarky there will be only one market (a standard Walrasian
market) in country 1. This market opens with certainty at the price
of A = 5. The quantity produced in country 1 is n and the generated
surplus is (v1 - A)n = 2n. There is a nmarket in country 2 that opens
with probability ¥, at the price of 10 but there is no demand in
country 2 at this price. The quantity produced in country 2 is zero
and the generated surplus is zero.

We now allow free trade. To define the market structure for

this case we start by specifying the demand per seller as a function

of the price and the state:

(6) Nl(p) = n and h&(p) =2n if p<7 (0 otherw se).
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There are always some buyers who want to consume and therefore
market 1 opens with certainty at the price: A = 5. The m ni rum denand
per seller at this price and hence the nunber of buyers in the first
mar ket is: A, =n.

Market 2 will open if there are buyers who wanted to buy at the
first market but could not. This will occur in state 2 with
probability q, = 1/, and the price in the second market is therefore:
P, = 2N = 10. At this price there is no demand in market 2. Total
production is therefore n and total surplus is 2n

Since the lottery that deternines the order of arrival of
buyers treats everyone symetrically, in state 2 (¥, n buyers from
each country nmake a buy in market 1. The surplus is therefore divided
between the two countries: The buyers in country 1 get an average
surplus of 1.5n while the buyers in country 2 get an average surplus

of 0.5n. Autarky is better for the residents in country 1 and free

trade is better for the residents of country 2.

Trading in ex-ante contracts: Suppose that we allow ex-ante trade (at

t =0) in promises to deliver X. The equilibriumprice of a promse
to deliver a unit of Xis 5. Only type 1 buyers will choose to buy
this contract and the resulting surplus is 2n

Thus, here allowing for trade in ex-ante contracts is

equi val ent to autarky.

Exanpl e 2. The sane as exanple 1 but now v, = 10.
Under autarky there will be only one market in country 1 that
opens with certainty at the price of A = 5. There is a nmarket in

country 2 that opens with probability %, at the price of 10 but there
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is no demand in country 2 at this price. The quantity produced in
country 1 is n and the generated surplus is 5n
We now allow free trade. To define the market structure for this

case we start by specifying the denmand per seller as a function of

the price and the state:

(7) hg(p) =0if p > 10; hg(p) =n if 7 <p < 10;

Nl(p) = n and h&(p) = 2n if p<s7.

The m ni mum nunber of buyers who want to consunme is n. Market 1
will therefore open with certainty at the price of P1 = 5. The
m ni mum nunber of buyers who want to buy at this price is: Al = n.

In state 2 there are buyers who wanted to buy in the first
mar ket but could not. Therefore market 2 opens with probability ¥, at
the price of P, = 10.

VWen s = 2, (¥2)n buyers fromeach type nake a buy in market 1
and the number of unsatisfied custoners is (¥, n of each type. But at
the price of 10 only type 1 buyers are willing to buy. Therefore,

A2 = (Y2 n. Production is (1.5)n units at the cost of (7.5)n. The
surplus in state 1 is: (v1 - 7.5n = (2.5 n. The surplus in state 2

is: (v1 + (1/2)v2 - 7.5)n = 6n. The average surplus is (4.25)n.

The worl d surplus is |ess than under autarky.

A nonopoly (that faces the same informational constraints as
the sellers in our nodel) will choose P, =10 and produce n units
maki ng a profit of 5n. This is one way of show ng that when agents
are heterogeneous, the UST allocation is not efficient in the

rel evant sense
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Exanpl e 3: The sane as exanple 2 but nowtype 1 is the relatively |ow

val uation buyer: Type 1 buyers want to consune a unit only if

p <v 7 and type 2 buyers want to consune a unit only if

1
9 and s = 2.

p <V,
Under autarky, n units are produced in country 1 and none are
produced in country 2. (There is one market in country 1 that opens
with certainty at the price of 5 and there is one narket in country 2
that opens only in state 2 at the price of 10 but there is no denand
at this price). The world surplus is 2n and all of it goes to the
residents of country 1.

We now allow free trade. There are always sonme buyers who want
to buy and therefore market 1 opens with probability 1 at the price
of 5. In state 2 there will be unsatisfied buyers and therefore the
probability that market 2 will open is Y, and the price in this
market is 10. At this price there is no demand in market 2.

Production is n units. In state 1 these units are sold to type
1 and the surplus is: (7 - 5n =2n. In state 2, (¥Y)n units are sold
to each of the two types and the surplus is: (Y2 7n + (¥2)9n - 5n =
3n. The expected surplus is: 2.5n. Type 1 buyers get an expected

surplus of 1.5n while type 2 buyers get an expected surplus of n

Wirld surplus is 2.5n and is higher than under autarky.

A nonopoly will set the price 7 and produce n units. The
surplus in this case is:
S=(Y)7n + (Y)[(Y2)7n + (¥)9n] - 5n = 2.5n. The nonopoly will
make an expected profit of 2n. Type 1 buyers will nake zero expected

surplus and type 2 buyers will make an expected surplus of 0.5n



13

Thus in this exanple free trade increases world surplus but
reduces the surplus of the buyers in the country with stable denmand

(country 1). The nmonopoly profits is equal to the free trade surplus.

Exanple 4: Type 1 wants to consune in state 1 only while type 2 wants
to consune only in state 2. They are both willing to pay up to 7
units for the good in the state that they want to consune.

Under autarky there will be no trade.

Under free trade n units are supplied to a single market that
opens with certainty at the price of 5. In state 1 type 1 buyers buy
nunits and in state 2 type 2 buyers buy n units. Surplus is 2n

In this exanple trade inmprove welfare in both countries

Exanpl e 5: The sane as exanple 4 but now type 1 buyers are willing to
pay only up to 4. In this case no trade will occur even when free
trade is all owed.

A discrimnating nonopoly nmay inprove nmatters by producing n
units and posting a price of 4 in country 1 and a price of 7 in
country 2. In this case the nonopoly will sell in country 1 when
s =1 and in country 2 when s = 2, nmaking an average profit of 0.5n

If the discrimnating nmonopoly is in country 2 his sales in
state 1 at the price of 4 may | ook Iike "danping" to the residents of
country 1 but in this case "danpi ng" does not have an adverse effect
on the welfare in country 1. See Ethier (1982) for a conprehensive

di scussi on of "danping"

Exanpl e 6 (Supply shocks): There are two countries and there is one

seller per country. In country 1 there is a (type 1) seller who can
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produce in both states at the cost of A =5 per unit. In country 2
there is a seller who can produce only in state 1 at the cost of

A =5 per unit. Type 1 must choose production before he knows the
state.

There are n buyers, living in country 1, who want to consune in
both states and are willing to pay up to 10 for a unit. Buyers in
country 2 do not want to consune good X (in any state).

Under autarky there is one market that opens with certainty in
country 1 and the price in this market is 5. Production in country 1
is n and buyers in country 1 get a surplus of 5n. There is no
production in country 2.

Under free trade, total demand per seller at the price p in

state of nature s, is:

(8) n/NH = (Y5 n and n/NE =n if p< 10 and O otherw se.

There is some demand in both states and therefore the first
mar ket opens with probability 1 at the price of 5. The m ni num denand
per seller and hence the nunber of buyers in the first market is:
A= (Y9)n.

In state 2 there will be some unsatisfied buyers. The
probability that market 2 will open is Y, and the price in this
market is 10. The demand in the second market if it opens is (¥)n.

Type 1 seller supplies (Y,)n at the price 5 and (¥5)n at the
price of 10. Type 2 supplies in state 1 (¥ n units at the price of

5. When s = 1, n units are produced and the surplus is

(10 - 5)n

5n. When s = 2, 1.5n units are produced and the surplus
is: (10 - 7.5)n = 2.5n. The average surplus is: 3.75n

Thus here free trade is Pareto inferior to autarky.
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Table 1 summarizes the results of the exanples. It suggests
that trade nmay be Pareto superior (exanple 4) or Pareto inferior
(exanple 6) to autarky.2 It al so suggests that the country with a
relatively stable demand and supply conditions is nore likely to
| oose fromtrade while the opposite holds for the country with the
relatively unstable demand and supply conditions.

These conclusions are very different fromwhat one will get
froma standard Walrasi an nodel of trade. The reason is in the UST
friction: Irreversible choices are nade before the state is known. On
a |l ess abstract level there are two reasons why free trade may change
the world surplus relative to autarky. It affects average capacity
utilization and it affects the allocation of capacity anong buyers.

In exanple 2, average capacity utilization (the average
fraction of output sold) under autarky is 1 in country 1 and not
defined in country 2. The world average capacity utilization is 1.
Under free trade the world' s average capacity utilization is g (%3
in state 1 and 1 in state 2). In exanple 3 free trade does not change
average capacity utilization but it inmproves trade because in state 2

it achieves a better allocation of output across buyers.

2 Note that the adverse effect of trade on welfare occurs here under
risk neutrality and is therefore different fromthe result in
Newbery and Stiglitz (1984). In their nodel the strongest case
against trade is in the case of perfectly negative correlation
bet ween the supply and denmand conditions in the two countries. As
shown by exanple 4, in our nodel this is the strongest case for

(rather than against) trade.
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*

Table 1: Autarky, free trade and monopoly
World surplus to buyers surplus to buyers output
surplus in country 1 in country 2

Type 1 wants to consume in both states, type 2 wants to consume in state 2 only

Vi= G, = 7 (example 1):

Autarky 2 2 0 1
Freetrade 2 15 0.5 1
monopoly: 2 0 0 1

v, = 10, v, = 7 (example 2):

Autarky 5 5 0 1
Freetrade 4.25 3.75 0.5 15
monopoly: 5 0 0 1

vy = 7, v, = 9 (example 3):

Autarky 2 2 0 1
Freetrade 2.5 15 1 1
monopoly: 25 0 0.5 1

Type 1 wants to consume in state 1 and type 2 in state 2
Vi E, = 7 (example 4):

1
Autarky 0 0 0 0
Freetrade 2 1 1 1
monopoly 2 0 0 1

v, = 4; \, = 7 (example 5):

Autarky 0 0 0 0
Freetrade 0 0 0 0
disc. monopoly 0.5 0 0 1

Supply shock: The seller in country 2 can produce only in state 1
v, = 10; v, = 0 (example 6):

Autarky 5 5 0 1
Freetrade 3.75 3.75 0 15
monopoly 5 0 0 1

* This Table gives the results in exanples 1-6. The first colum is
worl d surplus cal cul ated as the expected value of the output sold
m nus the cost of production. Then we have the surplus of the
buyers in each country and the world output. There is one type of
buyer (seller) per country. vj is the reservation price of type j
buyer. In exanples 1-3 type 1 buyers have stable denand. In
exanples 4 - 5 denand is negatively correlated. In exanple 6 there
is supply uncertainty. For each exanple we conmpute the outcone
under autarky, free trade and nonopoly. In exanple 5 we have a

di scri m nati ng nonopoly.
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When free trade reduces average world's capacity utilization
it also leads to an increase in output (exanples 2 and 6). As we
shall see in the next section this result is special to the inelastic

unit demand assunption

3. A MONETARY MODEL

I now assume a cash-in-advance econony with a downward sl opi ng
demand and i ncreasi ng narginal cost.

There are Ninfinitely lived households. As in Lucas (1980),
each househol d consists of a seller (worker) and a buyer pair. At the
begi nni ng of the period the worker goes to work. The buyer | earns
about his denand (taste shock) and if he wants to consune he takes
t he avail abl e noney and goes shopping. After trade in the goods
market is conplete the seller takes his revenue in the formof cash
reunite with the shopper and consune whatever the shopper has bought.

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<p<l1

Aggregate denmand is an i.i.d randomvariable. In each period
there are S possible states of aggregate demand. In state s a
fraction @ of the agents experience 6 = 1 and want to consunme. It is
assumed that: 0 < @ < @, < ...< @g State s occurs with probability

Mg. The probability that the state is greater than or equal to s is
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ds = Z?:s M;. The probability that 6 =1 is the same for all agents
and is equal to ¢, in state s. For notational convenience | set
¢y = 0.

| start by assuming a single world currency - the dollar.
Househol d h starts the period with NP dollars and gets in addition, a
perfectly anticipated lunp sumtransfer of G dollars. The average
per-househol d post transfer ampunt of noney is: M =G + (1/N)ZE:1W
dollars. The deternministic rate of change in the world noney supply
ist My/M =1+

Buyers who want to consune spend all the noney they have. As in
t he previous section buyers who want to consune arrive sequentially
at the narket-place, buy at the cheapest available price and
di sappear. Buyers who arrive early buy at |ow prices. Buyers who
arrive late do not find cheap nerchandi se and buy at relatively high
price.

Fromthe seller's point of view noninal demand in aggregate
state s is M (1 + p) dollars or @4 nornalized dollars, where
normal i zed magni tudes are nom nal nagnitudes divided by the post
transfer noney supply, M (1 + u).

Dol lars arrive in batches. The size of the first batch is the
m ni mum amount that will be spent: ¢ normalized dollars. The size of
the second batch is the minimum additional anmpunt that will be spent
if s> 2: m'nS > 2{¢g - @} =@, - @ normalized dollars. In general
the size of batch i is the mininmmadditional anount that will be
spent if s =i and i-1 batches conpl eted trade:
m'nS Zi{qg - ® .4} =@ - @¢_, normalized dollars. Batch i buys in
market i at the price of p; nornmalized dollars per unit if it

arrives.
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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: k; to market i

The sequence of events within the period is as follows. Prices
are announced for each of the S markets and the workers choose
production and the all ocation of output across the potentia
markets.3 Buyers then | earn about their desire to consume and those

who want to consune arrive sequentially at the narket-place. Figure 3

illustrates the sequence of events.

Production Buyers learn about Sequential arriwal
and the allocation their desire to of buyers who want
of output across Consume to consume
markets
I | |
| | |
Figure 3

The expected purchasi ng power of a dollar when exactly s

mar kets open is:

(9) zg = 5 _1(0]/p;),

wher e U? is the probability that the dollar will buy in nmarket i:

o = (4 - @)

31t is possible to showtha during trade there are no incentive to

change the allocation of goods across markets or to change prices.
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The household starts with mnormalized dollars and receives a
transfer worth g normalized dollars.4 It solves the follow ng
Bel | man' s equati on:

S

S
(10) V(m = 2o qug(n1+ g)zS + maxk - V(ZS:1 kS)

S
+ BZ§:1 N @M (352 Pkl + (1 - @VI(m+ g+ 5y pik)al},

where w = (1 + w)-1 is used to convert current normalized dollars
into next period's normalized dollars. Here V(m is the maxi num
expected utility that the househol d can achieve; Zle Mgpg(m + g) zg
is the expected current consunption; V(Z§=1 kg) is the utility cost

of producing L = Zle kg units. To understand the future utility
terns note that the worker's revenue is Zle pik; if exactly s markets
open this period. Wien 6 = 1 the buyer spends everything he has and

t he household will have at the end of the period Zle p; ki nornalized
dollars which will be worth, in the next period, (Zf‘:1 p; ki) w
normal i zed dollars. Wien 6 = 0 the buyer saves everything and the
household will start next period with (m+ g + Zle p; ki) @ normal i zed
dol | ars.

In aggregate state s, a nornmalized dollar will buy on average
zg units if the buyer want to consume (with probability ¢g) and wll
be saved and becone w nornalized dollars in the next period if the
buyer does not want to consune. The expected utility froma

normal i zed dollar is thus:

4 Since we nornalize by the post transfer noney supply:

g=Ww(1l+p.



21

(11) z = 3o N[z + (1- ) Box].

Using ( = Z§=1HS¢S to denote the unconditional probability of

wanting to consune, we can solve (11) and get:
_ S1sS
(12) z = (1 - Bw + Pw) T 1N 7.

The expected benefits fromsupplying a unit to market s is
dgpgwz utils: If the market opens (with probability qg) the seller
gets pg current normalized dollars which will becone pjw next
period' s normalized dollars and bring on average pswz utils. The
first order conditions for an interior solution to (10) can therefore

be witten as:
, S
(13) qupswz = Bplwz =V (zszl ks)

This says that the di scounted expected benefit from supplying a unit
is the same for all markets and is equal to the marginal cost. | wll
refer to Bpjwz as the expected discounted real wage or the real wage
for short.

Equilibriumrequires that the first order conditions (13) are

sati sfied and narkets which open are cl eared:
(14) Pskg = @5 - @51 for all s.

Wel fare in equilibriumis an increasing function of the rea

wage, w = Bp,wz, and can be measured by:

(15) A(w) = max; wL - v(L),
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where wL - v(L) is the expected utility that the worker gets for a
given choice of L (as a function of L and w) and A(w) is the naxinmm
expected utility as a function of w It is therefore useful to
characterize the equilibriumreal wage as a function of the
probability distribution of @

In equilibriumaverage capacity utilization nust equal average
consunption per unit of |abor supplied and is therefore related to
the real wage. The capacity utilization when exactly s markets open

is: Clg = Z?zl ki / 25:1 ks. The expected capacity utilization is:

_ <SS
(16) QU = X o NQU,.
I now show the following Caim

Claim11: The equilibrium expected capacity utilization is:

_ S S
u=1- [zszlnszi =s+1 I_Ii((pl - (ps)/Z]'

The proof of this and all other Clainms is in Appendix B. W now
turn to show that the real wage is related to average capacity

utilization.

Claim2: The equilibriumreal wage is:

w = Bap;z = CYBwy (1 - Bw + (Pw)}.

Note that when Pw = 1, w= CU This is because when
Bw =1 (a policy known as the Friedman rule) workers are fully
conpensated for the delay in spending their noney incone. In genera

the real wage is increasing in Bw, average capacity utilization (CU)
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and the unconditional probability that a buyer will want to consune
(¢). The probability of wanting to consune plays a role only when
Bw < 1 because a higher probability of wanting to consune means, on
average, |ess delay in spending the noney.

To study the effect of changes in the distribution of ¢ on

capacity utilization and the real wage, | now show the follow ng
Caim
OmmS:GJ:l-Zil%H@wﬂL wher e
s-1 S
As) =2i21 My - Fogey My =1 - A5 - dgyg-

Note that A(s) is an increasing function, A(1l) < 0 and
AMS) > 0. Since 0 < Zle 0 HiA(i)lzleﬂimi <1, there exists a cut-
of f point s* such that

A(s) < 3p_, @M A(I)/Zo M@ for s <s* and

A(s) > Zle @Iﬂix(i)lzleﬂi@i otherwise. Figure 4 illustrates the cut-
of f point.
Lis)
=3
¥
Fi gure 4

An i medi ate Corollary is as foll ows.
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Corollary: A small increase in ¢ (holding other ¢ constant)

increases CUif s < s* and reduces CU ot herwi se.

The intuition is as follows. Increasing the fraction of buyers
who want to consune in states that this fraction is |ow or reducing
it in states that it is high reduce the uncertainty about demand and

therefore increase average capacity utilization

3.1 I NCENTI VES TO TRADE FROM THE | NDI VI DUAL AND THE SOCI AL PO NT OF

VI EW

When the probability distribution of @ is country specific
there are incentive to trade in the sanme good, at |east fromthe
i ndividual's point of view This is because equilibriumprices (the
solution to [14] and [15]) depend on the probability distribution of
¢ and are country specific under autarky. Wen prices are country
specific, a seller in country j will have, for exanple, an incentive
to sell in country j' if there is a market s for which: Pj's > Pjs

An individual that takes prices as given can only benefit from
trade. But a country as a whole that recogni ze the effect of trade on
prices and capacity utilization may actually suffer fromtrade.

I now turn to characterize the condition under which free trade
can inprove the welfare for an individual country j. For this purpose
| et ?s denote the fraction of buyers who want to consune in country
j in state s and for sinplicity let us assune:

0 = ®o=<@1 =@ = ..-2¢5 for all j. The real wage under autarky
can be derived by adding the country index j to the expression in

Caim2. It is:
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(17) B(*)pjlzj = CUJ'[BUOZJ'/(]- - Bw + ZJB‘D)],
S

_ S _ S
wher e OJj =1-[% =sr|i(‘pji - ‘%s)/zszlns‘pj sl and Zj = zszlns‘ij'

Free trade equilibrium W now assume n countries of equal size and

calcul ate the real wage under free trade. Although prices are the
sane for all buyers, the real wage is country specific because the
probability of wanting to consune is country specific.

| use:
(18) os = (Un)='_, s

to denote the worldwi de fraction of buyers who want to consune. The
probability that a dollar will buy in market i when s markets open is
not type specific and is given by uiS = (9 - @_1)/9. Since prices
are al so common to all buyers the expected purchasi ng power of a
dol l'ar when s markets open is: zg = Ziszl(uisl p;) and is not type
specific. W can now nodify (10) to fornulate type j's Bellman's
equati on:

S

S
(19) \/j(m =2 I'Is(pj s(m+g)zg + maLxkjs - V(Zgog kjs)

F BT M@ V(S Pkl + (1 - @IVi[(m+ g+, pki)al}.
1S7) ] ] J J

To state the first order conditions for this problemwe nodify

(12) and define the expected utility froma normalized dollar by:

S S
(20) zj = T 4Mg[Q 4z + (1-¢) Bugj] = (1 - Bo + {jBaw) 1 N @ o7,
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wher e Zj = Z‘::ll‘l is the probability that type j will want to

sPs

consunme. We can now state the first order condition to (19) by:
S
(21) BOOQSDSZJ- = Bwplzj = V(25 kj s):
The average per country supply to market s is:
(22) kg = (1/n) zj”:1 K s-
The mar ket clearing conditions can now be stated as:

(23) Psks = @5 - @51

. S S
daim4: Under free trade, CU =1 - X N o1 M (@ - @)/ and the
real wage for type j sellers is:
Bwpyz; = CUBWE(Q /@Y (1 - Bw + B},

S
where E( ? gy = Zo_1Ng( ? s/ @) -

We can now conpare the expected wage under free trade and

autarky. CU[BwE(q /@) ¥/ (1 - Bw + {jBw) > CU{Bwg/(1 - Bo + ;Bo)}

implies: CU > CU]-/6j and vise versa, where

& = ¢/ CE(q /@) = E(¢)/E(Q)E(@ /@) . Thus,

Caimb5: Free trade increases welfare in country j if: CU > CUj/6j.
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The nagni t ude 6j = E((pj)/E(<p)E(<pj/cp) may be either |arger or
smal l er than unity.® Therefore the condition CU > CUj i s neither

sufficient nor necessary.

Exanpl e 8: There are two countries with the same popul ation. The
resi dents of country 1 always want to consume. In country 2 either
hal f of the residents want to consune or all of the residents want to
consune; with equal probabilities of occurrence.

For this exanple, with @ ; = ¢, =1, @ = Yo ¢ = 1. Ve
conpute: QU; =1, QU, = %3 CU =57 & = %y and 5, = F/ 3. Since
QU,/ 3, = M 108 = 0.648 < CU = ¥ = 0.857 country 2 gains fromtrade.

Since CU;/9; = 49,48 = 1.02 > CU = 0.857 country 1 |ooses from trade.

Exanpl e 9: There are two countries with the same popul ati on and the
same i ndependent distribution of denmand: Either half of the residents
want to consune or all of the residents want to consume; wth equa
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
and 3 it is lowin one country and high in the other and in state 4

it

(7]

high in both countries. In this symetric exanple:

P11 = @1 = Yy ¢, =1 and Pyp = Yy P13 = Y, and Pz = 1;
P14 = 9y = 1.

We conpute average capacity utilization under autarky:

QU = QU, = = 73

S E(g/@ = E(@)E(L/g + Cov(q, /@ < E(¢)E(1/ ¢ = E(q)/E(p
The first inequality is because Cov(@, 1/¢) < 0. The second is

because of Jensen's inequality.
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To conmpute average capacity utilization under free trade, note
that the average fraction of buyers who want to consune is:
0 =Yy @, =34 @3 =34 and and @, = 1. Average capacity
utilization under free trade is: CU=1 - 743 =%/, =10.854. In this
symmetric exanple, & = 1. Since CU > CUj both countries benefit from

]

trade.
3. 2 EXCHANGE RATES

I now assurme J currencies (indexed j). Let Nrt denotes the
amount of currency j held by househld h at tine t and | et Ejt denot es
the value of currency j in terns of dollars. The dollar value of the

portfolio of currencies held by household h is:
J
(24) W=Zj:1 Etht'

In addition, all households get a perfectly anticipated |unp sum
transfer. The dollar value of the transfer paynent is the sane for
all households and is equal to G. The average per-househol d post
transfer world noney supply is: M =G + (1/N)ZE:1W dollars. As in
the single currency case the rate of change in the world noney supply
is non-randomand is given by: M ,4/M =1+u

Exchange rates are deternined at the beginning of the period in
a random manner but, as in Karaken and Wallace (1981), on average

they are expected to renmai n constant:
(25) E(Ejt+1|E]t) :Ejt’

where E denotes the expectations operator.
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Since the world noney supply in terns of dollars grow at a
constant rate, equilibriumprices in ternms of dollars grow at a
constant rate. In our fornulation we divide all dollar magnitudes by
the post transfer noney supply (M[1 + p]) and assune that prices in
ternms of normalized dollars do not change over tinme. This allow us to
use the amount of normalized dollar held at the beginning of the
period as the only state variable in our dynanic progranm ng
formulation and wite the Bell man equation (10), where mis now
interpreted as the value of the beginning of period portfolio in
terms of normalized dollars.

Sellers may be viewed as naxim zing revenues in terns of next
period's normalized dollars and because of (25) they are willing to
accept any currency. If the seller sells a unit at a price of 1
dollar he will get 1/(1 + ) in terms of next period' s normalized
dollars. If instead he sells the unit for 1/Ejt units of currency j
he will have next period %t+1/%t dol I ars, which under (25) wll
equal on average to 1 dollar or 1/(1 + y) normalized dollars. Thus
under (25) a seller who maxim zes the expected val ue of revenues in
terms of next period's nornalized dollars will accept paynent in any
currency.

Since dollar prices increases at a constant rate sellers al so
behave as if they maxim ze revenues in terms of dollars (rather than
next period's normalized dollars). Is this true also for say marks? A
sell er who naxini zes revenues in terns of next period s expected
marks will prefer 1 dollar (which is worth on average E[1/Et+1]
marks in the next period) to 1/Ejt marks. This is because Jensen's
inequality and (25) inply: E(l/Ejt+l) > 1/E(Ejt+1) = 1/Ejt' But our

sellers are indifferent between nmarks and dol | ars.
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To resolve this apparant paradox (sonetines called the Siegel's
paradox) we fornulated the dynanic progranming problemin ternms of
normal i zed marks, where a normalized mark is the per househol d mark
noney supply. This reveal ed that the beginning of period normalized
marks can be used as the only state variable and our seller may be
vi ewed as maxinizing the expected val ue of revenues in terns of next
period normalized marks. But this is different from maxinizing the
expected revenues in terms of next period' s regular marks. To see
this point, let DM = I\/{/Ejt denote the noney supply in termnms of
marks. Since the dollar noney supply grows at the rate of ,

Ejt+1D\4+1/Eth\4 =1+ p and therefore DM 4/ DV = Ejt(l + “)/Ejt+1'

Si nce E;

jt+1 is arandomvariable the rate of growth of the world

noney supply in terns of marks is a randomvariable. It follows that
a normalized mark will becone “ﬁ::Ejt+1/Ejt(1 + W) next period's
nornal i zed marks, where now o, is a random variable. Now 1 dollar
wi || become on average E(l/%t+1)uﬁ = 1/Ejt(1 + W) next period's
nornalized marks. And 1/Ej¢ marks will also becone 1/Ejt(l + W) next
period's nornalized narks. Therefore a seller who maxini ze revenues

in terms of next period s normalized marks will be indifferent

bet ween accepting 1 dollar to accepting 1/Ejt mar ks.

3.3 ASYMVMETRI C EQUI LI BRIA AND THE CORRELATI ON BETWEEN THE NOM NAL AND

THE REAL EXCHANGE RATE

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 pg on kg units.
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I now assume that each seller quotes one price only and a
fraction kg/L of the sellers choose to participate in market s and
offer to sell at the price pg. The expected utility of the seller
does not depend on his choice of market.

| also assune that sellers in country j (type j) quote their
price in terms of currency j (but nevertheless are willing to accept
paynment in any other currency). | assune that a seller changes his
price in terns of the local currency only if there are strictly
positive benefits fromdoing it. This assunption nmay be notivated by
the existence of small menu type costs for changi ng nonminal price
guot ati ons.

To get the observed correl ation between the noninal exchange
rate and the real exchange rate | assune a continuum of countries and
two potential narkets. Equilibriumprices are 1 dollar worth in
market 1 and 2 dollars worth in market 2.

Suppose now that at tine t the exchange rate of currency j was
1 and sellers in country j supplied to market 2. Currency |
depreciated at t + 1 and is now wrth 0.5 dollars. Sellers in country
j do not change their nominal price quotations (in terns of their
currency) and as a result the dollar value of their price goes down
by the percentage of the devaluation. After the devaluation, country
j supplies to market 1 instead of market 2 but because the country is
snmall all the equilibriumconditions are satisfied and country |j

sell ers have no incentive to change their price quotation
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CONCLUSI ONS

The sequential trade nodel abandons the |aw of one price in
favor of an equilibriumprice distribution. Therefore we may get
devi ations fromthe purchasing power parity (PPP) and a high
correlation between the real and the noninal exchange rates.

Under autarky the distribution of equilibriumprices are in
general country specific and therefore individual agents have an
incentive to trade, in the same good, with agents in other countries.
However, the country (or the world) as a whole nay be better off
under autarky. This occurs when trade increases the uncertainty about
supply and demand conditi ons.

An individual country benefits fromtrade if as a result of
trade average capacity utilization increases by a sufficient anount.
The exact condition is: CU > CUj/q , Wwhere CU is average capacity
utilization under free trade, CUj is average capacity utilization
under autarky and 5j is a country specific constant. This constant is
close to unity in the exanpl es we have worked out.

We nentioned "danping" in the context of exanple 5. A nore
conplete analysis of this issue is a possible topic for future
research.

The anal ysis of the great depression is another possible
application. Recently Col e and Ghani an (2001) describe the new dea
policies which were designed to linmit conpetition. They think of
these policies as a huge "m stake" that contributed to the persistent
of the depression. But it is possible that in 1933 there was a | ot of
uncertainty about supply and denand conditions and limting
conpetition nay have worked in the direction of reducing this

uncertainty.



33

APPENDI X A: THE REAL UST MODEL

In this Appendi x | define the UST equilibrium the nonopoly
probl em and the social planner's problemand study the efficiency
properties of the UST allocation

| start fromthe case in which the reservation price is the

sane across buyers: vj =v for all j. | use Ny = hg(v) for the nunber
of buyers per seller and assune: N1 < N2 < ... < NS'
The m ni num demand per seller (at a price p <v) is: A = N

After the first Al units are sold by each seller there nmay be two
possibilities: either s = 1 and there are no nore buyers or s > 1. |If

s > 1, then there are N, - N unsati sfied buyers per seller. The

1
m ni mum r esi dual denmand per seller is:
A, = n1ns{hg - Nl} =N, - N,. The probability that s > 1 is

a, =1 - M, and this is the probability that market 2 will open.
After transactions in nmarket 1 are conpleted, there nay be again two
possibilities: either no additional buyers arrive or, if s > 2, sone
addi ti onal buyers do arrive. The probability that s > 2, is
ay = 1 - ﬂl - H2 and this is the probability that nmarket 3 will
open. The m ni num resi dual denmand per seller if s > 2 is:
A3 = nins{hg - h&} = h%- h&. Proceeding in this way we define dg and
Ag for all s =1, ...,S

Because of constant returns to scale equilibriumprices are
det erm ned by supply considerations only. The expected revenue from
supplying a unit to market i is qui' When qui = A the expected

revenue is equal to the expected cost and sellers are indifferent

about the quantity supplied and are willing to satisfy demand.
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A UST spot narkets equilibriumis a vector of prices

(Pl,...,PSQ and a vector of supplies per seller (Xl""’XSQ such
_ _ _ S
that: (a) P = A/qi = )\/ZS:iI'Is and
(b) x, =A =N - N_,if P <v and zero otherw se
To solve for the equilibriumquantities we substitute the
equilibriumcondition (a) in (b) to get: X, = A if A< va, and zero

otherwi se. This says that capacity will be created to satisfy the
demand of batches that arrive with a high enough probability so that
the cost per unit A is less than the expected val ue va,

We now define sequential efficiency as the maxi num surplus per
seller that can be obtained by a central planner who does not violate
the informational constraints of the environment. In particular the
central planner nmust all ocate goods to buyers as they arrive wthout
knowi ng the state. More specifically, the social planner's problemin
this environment is to choose capacity per seller and allocate it

across the potential markets to maxim ze expected surplus per seller

(AL mex in a; X - AZi X

The solution to (Al) is: X, = Ai if A< va, and zero ot herwi se.
This coincides with the equilibriumoutcone and therefore the UST
spot markets allocation is sequential efficient in our special case.

Note that prices may appear rigid in the sequential environnent

because they do not respond to the realization of demand (the state
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s). Neverthel ess sellers do not have an incentive to change prices
during trade. 6
I now turn to another special case in which vj nmay vary across

types but the consunption probabilities are the sane across types.

| assume that ®s = & for all j and we can rank the nunber of
buyers per seller: N, <N, <... <Ng To sinplify | also assume

that this is also the ranking of the fraction of buyers who want to

consune: 0 = @y < @ < @, < ...< ¢g = 1. The reservation price v may
vary across types. | use

(A2) dji =1if Vi 2 p; and zero otherwise

to denote the demand per type j buyer in market i. Since p; < pj,q,
d. =0 inplies dji+l = 0.

J 1

I now cal cul ate the demand per seller in each market given the
prices p;. The m ni mum nunber of buyers who want to consune

i s mlile n. and the m ni num demand per seller is:

i

6 To show this claimwe apply Bayes' rule and conpute the probability
that market i > s will open given that market s opens. This is:
Hi/qs. The grobability that market i will open given that market s
opens is: Zk:iﬂk/qs. In equilibriumthe unconditional expected

S

revenue (froma unit supplied to market i) is Pizk:in = A and the

k
conditional expected revenue (froma unit supplied to market

gi ven that market s opens) is: PiZEiiﬂk/qs = A/qs. Since in
equilibriuanS: )\/qS the opening of market s does not provide an
incentive for the firmto nove units frommarket s to market i or
vice versa. Since the conditional expected revenue is )\/qS for al

i >s, the firmdoes not have an incentive to nove units allocated
to markets s+1,...,S. Thus, not surprisingly the initial plan is

time consistent.
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A = ¢1Zf:1 njdjllwh. After the first batch has conpleted trade a
second batch will arrive if (@ - @)% ndiy/M > A and not all
buyers who wanted to buy in narket 1 nade it. This event occurs with
probability q, = 1 - M,. The m nimumresidual demand per seller at
the price p, is: A, = (9, - ¢h)29:1 njdjzlh@ units and this is the
demand in the second nmarket if it opens. In general, nmarket i opens

with probability q; = ZS

osi Mg and the denmand per seller in market

if it opens is:

(A3) A= (0 - @)y nd/M.

UST spot markets equilibriumis a vector {dji, p;, 4A;} that
satisfies:
(a) pj = May;
(b) dji =1if v, =2 p; and zero otherw se;

J

(6) B = (@ - )%y nd /M.

Substituting equilibriumcondition (a) in (b) and using (c)

| eads to the equilibriumallocation rule:
_ J
(A4) A = (9 -q_ﬁzﬂrw(%W 2 N/M,

where I (statenent) = 1 if the statenment is true and zero ot herwi se.

To study efficiency it is useful to inmagine an hypothetica
central planner who nay dictate the quantity per seller that will be
sold to each type according to his order of arrival. Let Aji denot e
t he amount per seller that will be supplied to type j buyers who

arrive in batch i. The hypothetical planner solves the follow ng

probl em
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J S

(A5) max ii

If the planner chooses Aji = (g - (pl_l)nj/I\/I he will get

injivj at the cost of AAji. He will therefore nake this choice only
i f 9; Vi > A. The equilibriumallocation (A4) also says that a type j
that arrive in batch i will get a unit if q; Vv =2 A. W have thus
shown that the equilibriumallocation (A4) solves the planner's

problem (A5) and is therefore sequential efficient. W can now

conbine the results of the two special cases as foll ows.

Proposition 1. Wen the reservation price is the sane across types

(vj = v for all j) or the consunption probabilities are the sane
across types ((pJS = @, for all j and s) the UST spot narkets

allocation is efficient in the sequential sense.

I now turn to the nore general case. | start by an algorithm

that conpute the probability that each market will open and the
demand in each narket as a function of the prices in the S potenti al
mar ket s: (Pl""' PS).

Market 1 will open when Zj (pjs >0, with probability

~ S - _

a, = Zszl I'ISI(Zj (pjs > 0). To sinplify, | assune q, = 1.

The nunber of type j buyers per seller who want to buy in the
first market at the price P1 in state s is:

(A6) les = q}snj/MS i f v 2P and zero otherw se.
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Total demand per seller in the first narket at the price P is

t her ef ore:
_ 1
(A7) NG(P,) = 5 NG(PY).

The nunber of buyers in the first batch is the m ni nrum denmand at the

price P, over all states:

(A8) 8,(P) = mindNi(P), ..., Ng(P)},

where | use the operator nmins to select the smallest strictly

positive nunber if such a nunber exists and zero otherwi se.”’

Market 2 will open in state s if after the conpletion of trade
in the first market there is residual demand in this state:

h@(Pl) > A, (P;). The probability that market 2 will open is thus:

( A9) a,(P,) = zsszl N IN(P) > A (P)].

| f qz(Pl) = 0, we set q; = 0 and A= 0 for i > 1. If
qz(Pl) > 0, we calculate the size of the second batch. The fraction

of satisfied buyers out of all buyers who wanted to buy is:

1 _ 1 . .
(A10)  yg(P,) = A (P)/Ni(P,) if Ni(P,) >0 and zero ot herwise.

It is assumed that the fraction of satisfied buyers is the same for

all types who wanted to buy in market 1. The nunber of unsatisfied

7 For exanple: nming(1,2,0) =1
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type j buyers is [1 - wi(Pl)]qﬁSnj and t he nunber of unsatisfied type

j buyers who want to buy at the price P2 is:

(A11) N°_(P,, P

_ 1 : .
i's(Pps 2) =[1 - Lps(Pl)](ijnj i f vj > P2 and zero otherw se.

The total residual denmand at the price P, is:

(A12) (P, Py =% N(P, P

We can now conpute the nunber of buyers in batch 2 by taking the

m ni mum r esi dual dermand at the price P1 over all states:

P, P,) = mndN(P, P),... Ng(P, P,)}.

(A13) 8, (P,

Market 3 will open if after conpletion of trade in market 2 there is

strictly positive residual demand. This occurs with probability:

(A14) ag(P,. P,) == ns|[|\§(P1, P,) > Ay(P.. P)].

In general, the probability that narket i will open depends only on

prices in narkets with indices less than i and is denoted by:

q; (Py, -... P, ;). The probability q (P, ..., P, _;) is zero if

q; (P, ..., P _,) is zero. Wen q (P, ..., P _,) >0, the nunber of
buyers in batch i, Ai(Pl’ ce Pi)’ depends on the prices in all the
. . — = 8

first i markets. If q (P, ..., P _;) =0 then A (P, ..., P) =0.

8 Note that nmarket i may open and Aj(P1, ..., Pj) may equal zero

because the price Pj is too high. Note also that by construction
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Because of constant returns to scale the supply to narket i
does not depend on the supply to other markets: It depends only on
the probability that market i will open and the price in this market.
The firmtakes prices (Pl' Pi) as given and chooses the quantity

X; to sol ve:

(Al15) max [qi(Pl’ Pi-l)]PiXi - )\xi.
The firmw Il choose any interior solution, 0<xi < o, jf:
(Al6) [q;(Py, v P_DIP = A

G ven the functions qi(Pl' Pi-l) and Ai(Pl, Pi) I

define equilibriumas foll ows.

UST spot markets equilibriumis a vector of prices and quantities

(P . PS; Xl""’XS) that satisfies:

10

(a) Pa, (P, ..., P =Axifq (P, ..., Py >0and P is large

i-1)

and finite otherw se;

(b) x; =& (P, .... P).

Since the probability that narket i opens depends only on
prices in |lower indexed markets, we can solve for the uni que UST

equilibriumin the follow ng way. Since q; =1, we set P, = A and

conput e Ni()\) and Al()\). W then conmpute the probability that market

S

2 will open: qz()\) = Zszl I'ISI[N:SL()\) >A1()\)]. | f qz()\) = 0 then

t he nunber of markets that open is | ess than or equal to the nunber

of states (S).
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q; = Ai =0 for all i >1 and we are done. O herw se, we choose: P2 =

M q,(A) and conpute hﬁ[A, Ma(N]1, A,[A Mag(A)]. Ve then conpute the

probability that market 3 will open

q3[A, M a(A)] Zgil Hsl{hé[k, AMq(A)] > AZ[A, Ma(AN)]1}. I f

az[ A AMa(A)]

P3 = A/q3[A, AMqg(A)] and so on. Thus,

0, we are done. O herw se, we choose

Proposition 2: There exists a unique UST spot markets equilibrium

I now use the functions qi(Pl""'Pi-l) and Ai(Pl, ""Pi) to

di scuss the choice of a nonopoly and the choice of a social planner

Monopol y: A nonopol i st who nust satisfy demand sequentially, wll

choose the prices (P1 < P2 c SPSQ to nmaxin ze the expected
profits:

Al7 ZS P P P A (P P AZS A (P P
(ALT) I P (P I8 (P o B 2 AZT B (PR

Social planner: W start by conputing the average val uati ons of

buyers in batch i.
The fraction of type j buyers in all the buyers who want to buy

in market i is:

(AL8) a}s(Pl,...,Pi) = N}S(Pl,...,Pi)/r\fs(Pl,...,Pi),

i f hg(Pl,...,Pi) > 0 and zero ot herw se.
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It is assunmed that this is also the fraction of type j buyers who

actually buy in market i. The average valuation of the buyers in
batch i is therefore:
_ i
(A19) Vi (Pp,... P = 2 N Zj vjajs(Pl,..., P.).
The soci al planner chooses prices (P1 < P2 ... < PSQ to maxim ze the

expect ed consumer surpl us:

( A20) ziszl (P ... P DIA (P, ...,P)IV.(P, ...,P)

S
- Azi:l Ai(Pl, ""Pi)'
An allocation is sequential efficient if it solves (A20). W
al ready showed by exanple 1 that the UST allocation nmay not be
efficient in the sequential sense and a nonopoly may inprove natters.
In exanple 1 the UST conpetitive firm produces nore than the

nonopoly. | now show by exanpl e that excess production is not the

only reason for the inefficiency.

APPENDI X B: PROOFS OF THE CLAIMS | N THE MONETARY MODEL

Proof of Claiml: Using the narket clearing condition (14) we get:

(B1) Ki = k(@ - ¢g-1)pr/pier = kKi(@ - @-1)0i/ 1.

Average waste if exactly s markets open is:

S S

S S
(Bz) z| =s+1 k| / Z| =1 kl = z| =s+1 ((ﬂ - (ﬂ - 1) q| / Z| =1 ((ﬂ - (ﬂ - l) ql
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We now use the definition qs = ZiS:S Mi to get:
S
(B3) L s+ (G - @-1)q =
= (@s+1 - @) 0s+1 *+ (Ps+2 - Ps+1)ds+2 +...+ As(¢s - @s-1)
= ~@s0s+1 + @s+1(0s+1 - Os+2) + ... + dSPs

= = @&Os+1 *t @s+1Ms+1 +...+ gs@s =

S S S
= Z| =s+1 nl(ﬂ b (pSZ| =s+1 M = Z| :S+1ni((ﬁ - (pS)

We can now get the expected waste by substituting (B3) in (B2) and
conputing the expected value of this expression. This |eads to:
Z?zll'lsziszs+1 Mg - (ps)lzgzll'lscps. Si nce expected capacity utilization
is one mnus the expected waste we get:

S S S
au=1- zS::I.I_Iszi =s+1 nl((ﬂ ) (pS)/ZS:lns(pS. |:|

Proof of C aim 2:

Substituting (12) in the real wage (13) |eads to:
S
(B4) Bwp1z = Bup1(l - Pw + LPw) "1z Mseszs.

Substituting (9), qipi = p1, U} = (& - @-1)/¢s and

( = Zgzll'lscps in (B4) leads to:

(B5) Bwp1z = Bupi(l - Bw + ZBew) - 1ZS_ MegsZ} (U7 pi)
= B(1 - B + ZBw) " 1E_ Me@Z_y v
= (1 - Bw + Pw) IS MsS_y ai(@ - ¢-1)

= B MsT . Gi (@ - @-1)/[1 - Bo+ BwS_ Mses].

W now use Qg = ZiS:S My to get:
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( B6) 2.0 (@ - @-o1) =

=@ + 092 - ¢) +a3(e3 - @) +... +0s(@s - ¢s-1)
=(1-0d2)@ + (02 - 93) @ + + gs@s = M@y + Mog + M3@3 + + Qgs@s
-1 -1 S
= SMe + ds@s = S M@+ @M

S S
= Zs:]_rlS(pS - Z| :srli ((ﬂ - (PS) '

Substituting (B6) in (B5) and using Claim1 |eads to:

Bupiz = Bl To_ Ms@s - TeoqMsZoo M (@ - @s)]/[1 - Bw + B, Ms@s].

= BwOUSo_,Ms@s/[1 - Bw + Bwio Msgs]. | |

Proof of C aim 3:

S S
ZooqNsZogiq Mi(@ - @) =

= MM2(@ - @) + MiN3(@3 - @) + MMa(@ - @) + .. + MNiNs(es - @)

+ MoM3(@3 - @) + MoaMa(@ - @) +... + Mals(@s - @)

+ MaMa(es - @) + N3Ms(es - @3) +... + N3Ms(@s - @a)

+...+ (pSI'IS(ZiS;l1 n) =

= @My(-N2 - N3 - Mg -... - Mg

+ @lMo(Mq - N3 - Mg -... - Mg

+ @3M3(MNq + Mo - Mg -... - Mg

+...+ (pSI'IS(ZiS;i M)

= So WNS{Z ] M - Sy M) = Zoog &Ms{(1 - ds) - Gssa}.
Substituting this in Caiml leads to the Claim D

Proof of Claim4: Substituting (20) in the real wage (21) |eads to:

(B7) Bup1zj = Bupi(l - B + & B~ 1To_ Msq szs.
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. . S .
Substituting (9), gipi = p1. U;S = (¢ - ¢-1)/¢s and § = Zszlns‘ﬂs in

(B7) leads to:

(B8) Bup1zj = Bupi(l - B + & B~ Lio_ Msq s _, (U7 pi)

= Ba(1 - B + 4 Bw) 15  Msq 3y aiv}

= Bo(1 - Bw + §Bw) LIo_ Ms(@s/ &)y ai (@ - %-1)
= oI Ms(@s/ &) g (@ - @-1)/[1 - Bo+ Pwio_;Msgs]

Substituting (B6) in (B5) and using Claim1 |eads to:

Bwp1zj =

BwSo_ Ms(@ s/ &) [Zo_qMs@s - SogMi (@ - @)1/ - B+ Bwio ;M5 s]

S S
= BwCUZ _Ms(@ s/ @s) T Mss/ [1 - P + Booilel'lsq sl D
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