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I NTRODUCTI ON

In a recent paper Christiano Ei chenbaum and Evans ( CEE,

1997) found that in response to a contractionary nonetary shock

(a) The aggregate price level initially responds very little;
(b) Aggregate output falls;

(c) Interest rates initially rise;

(d) Real wages decline by a npdest anount;

(e) Profits fall.

These "stylized facts" seens rather robust. For a survey of the
literature see CEE (1998).

In their article CEE (1997) conpared the ability of two nodels
to account for these stylized facts: Alinmted participation nodel
and a sticky price nodel. They conclude that the two alternative
nodel s cannot account for all the above stylized facts. The linited
participation nodel cannot explain the lack of an initial effect on
prices (stylized fact [a]) while the sticky price nodel cannot
explain the decline in profits (stylized fact [e]).

Here | show that a sinple version of the uncertain and
sequential trade (UST) nodel can account for all of the above
stylized facts.

UST nmodel s are based on ideas in Prescott (1975) and Butters
(1977). Prescott considers an environment in which sellers set prices
bef ore they know how many buyers will eventually appear. He assunes
that | ess expensive goods will be sold before nore expensive ones and
obtains an equilibriumtrade-off between the price and the

probability of making a sale. A sinmilar trade-off arises in Butters



(1977). In both nodels sellers commit to prices before the
realization of demand. In the UST approach taken by Eden (1990),
trade is sequential and an equilibriumdistribution of prices is
obt ai ned even though sellers are allowed to change their prices
during trade. The UST approach was recently used in nonetary
econom cs by Eden (1994), Lucas and Wodford (1994), Wodford (1996)
and Wl Ilianson (1996). The approach here is closely related to Benta
and Eden (1996).

Money is not neutral in the UST nodel because irreversible
tradi ng deci sions are nade before the resolution of uncertainty about
the current period noney supply. The interest effect of nobney in the
current version is due to the cash-in-advance constraint in the bonds
market. | nake a straightforward use of the idea that "if cash is
required for trading in securities, then the quantity of cash - of
"liquidity" - available for this purpose will in general influence
the prices of securities traded at that tine" (Lucas [1990] page
237). See al so Grossnan and Weiss (1983), Rotenberg (1984) and Fuerst

(1992) .

THE MODEL

There are Ninfinitely Ilived househol ds. Each househol d
consists of two people: a seller and a buyer. At the begi nning of
each period they separate: The buyer takes the noney and goes
shoppi ng. The seller produces and sells his output for noney. After
trade in the goods narket is conpleted the seller takes his revenue
in the formof cash. On the way honme sone sellers visit the bank (the

bond market). At the end of the period the two nenmbers of the



househol d reunite and consune the basket of goods that the buyer has
bought .

Labor (L{) is the only input and output equals |abor input. It
is assuned that the household is risk neutral and its single period
utility is: ¢t - v(Lt), where the function v( ) has the standard
properties of a cost function: v' >0 and v'' > 0. The househol d's
di scount factor is 0 < f < 1.

The anpunt of noney avail able to household h at the beginning
of periodt is NP dol l ars. The buyer takes the NP dol l ars and goes
shoppi ng. Buyers arrive in the market sequentially. The order of
arrival is determined by an i.i.d. lottery.

On the way to the market the buyer may receive a transfer of T;
dol lars. The nunber of buyers that will receive a transfer is
unknown. For sinplicity it is assuned that either yN or 2yN buyers
will get a transfer with equal probability of occurrence. The
identity of the buyers that will receive the transfer is determ ned
by an i.i.d. lottery.1

The buyer spends all the available cash: NF if he did not get a
transfer and NF + Tt if he did get a transfer. Upon arrival, each
buyer sees all the available selling offers and buys at the | owest
price offer. Since cheaper goods are bought first, buyers that arrive

|ate nay face a higher price.

1 W may think in terns of the followi ng story. The governnent is
commited to a wel fare program whi ch pays Tt dollars to househol ds
which qualifies. The criteria for qualification is not well
understood by the public and therefore ex-ante all househol ds
assign the same probability to winning the welfare lottery. This
probability itself is a randomvariable that may take the

realizations y and 2y.



The average hol di ng of noney at the beginning of period t
(before the beginning of the transfer process) is: M = (1/N)ZEL1NP.
For sinmplicity | assune: Tt = M. The total amount avail able for
spending per seller is: M + yT; = (1 +yM if a fraction y got a
transfer and (1 + 2y)M if a fraction 2y got a transfer

| divide all noninal nmagnitudes by M. This normalization is
equi val ent to using the noney supply as a unit of account. |
therefore define a nornalized dollar by the noney supply per
househol d. A price of one normalized dollar neans that you nust pay
t he whol e noney supply (average per household) to get a unit of
what ever is being sold.

Fromthe sellers' point of view purchasing power arrives in
batches. The first batch of 1 + y normalized dollars arrives with
certainty and buys in the first market at the price p;. The second
batch of y normalized dollars may arrive with probability ¥, and if
it arrives, it buys in the second nmarket at the price of p>
nornalized dollars per unit.

At the beginning of the period the representative seller
chooses the amount of labor L and allocates the avail able supply

across the two markets:
(1) k1 + ko = L,

where kg is the supply to market s. This allocation may be viewed as
a contingent plan which specifies how nuch will be sold to each batch
of demand that arrives.

The seller's total revenues if s nmarkets open are:

S
(2) trs':Zj:1 pjkj’



normal i zed dol | ars.

A fraction 0 <a <1 of the sellers go to the bonds market
after the closing of all the goods nmarkets. The identity of the
sellers who go to the bonds nmarket is deternined every period by an
i.i.d. lottery.

There are only government bonds. A bond is a pronise to pay one
normal i zed dollar at the beginning of next period. The price of a
bond if s markets open today is denoted by 1/RS and the gross
interest rate is RS. Since nothing happens between the buying of a
bond and the payment of the dollar it prom ses, agents who get an
access to the bond nmarket will invest all their idle noney in bonds
at the gross interest rate: RS =2 1. In what follows | assune that
this condition is satisfied.

The supply of government bonds is constant over time and is
given by b normalized dollars.l The interest on the government debt
is paid out of lunmp sumtaxes collected at the end of the period. The
[ump sumtax is: g5 =b - b/R®S = b(1 - 1/RS) normalized dollars if s
markets were open this peirod.

The sequence of events within a typical period is illustrated

by Figure 1.

1 The supply in terms of regular dollars does change and is given by

B = bM.
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The anount of noney avail able to the household at the beginning

of next period is:

(3) m = (RPtrs - g%)/(1 + sy)

if the seller buys bonds and (trS - ¢gS)/(1 + sy) if he does not buy
bonds all in ternms of next period s normalized dollars. Note that
since the noney supply increases at the rate of ys the number of
regul ar dollars in the current period nornalized dollar is a fraction
1/(1 + sy) of the amount of regular dollars in next period s
normal i zed dollars. Therefore, to convert current into next period
normal i zed dollars we divide by 1 + sy.

A buyer who holds mnormalized dollars at the beginning of the

period will consume on average:

(4) B, s{(m+i)/ps} =

= (Y (m+ y)/p1 + (Y)[6(m+ 2y)/p1 + (1 - 8)(m+ 2y)/p2],

units of consunption, where i = 1 if the buyer gets a transfer and

zero ot herw se; Expectations are taken over both i = 0,1 and



s =1,2and 6 = (1 + yY)/(1 + 2y) is the fraction of dollars in batch
1 out of the post-transfer noney supply when two markets open.1

The Bel | man equati on whi ch descri bes the househol d' s behavi or

(5) V(m = max E s(m+i)/ps - v(ki + ko)
+BaEsV{ [RO(Z°_; pjkj) - 051/ (1 + sy}

+ B(L- o) EsV{[(Z°_; pikj) - @51/ (1 + sy)},

where, as before, Ex denotes expectations with respect to the random
variable x and the maxim zation is with respect to ks. Here V(m is

t he maxi mum expected utility that a household who starts the period
with mnormalized dollars can achieve. The first rowis the current
expected utility. The last two rows are the future expected utility:
The second is for the case in which the seller buys bond (wth
probability a) and the third is for the case in which he does not buy

bonds.

1 To conpute (4), note that if only one market opens, the buyer will
buy at the price pp with probability one. If he gets a transfer
(with probability y) he will buy (m+ 1)/py units of consunption.

O herwi se, he will buy nipy units. The expected consunption if only
the first market opens is therefore:

[y(m+ 1) + (1 - y)ym/py = (m+ y)/p1.

If two markets open in the current period, then the buyer wll
participate in the first market with probability

06 =(1+vy/(1 + 2y and receive a transfer with probability 2y. The
expect ed consunption given that two markets open is therefore:

O(m+ 2y)/py + (1 - 8)(m+ 2y)/po2. And the unconditional expected

consunption is (4).



To state the first order conditions for (5) it is useful to
define the expected purchasing power of a nornalized dollar held by

t he buyer at the beginning of the period. This is:

(6) z = (Y (Upy) + (Y)[6/p1 + (1 - 6)/p2].

The first termon the right hand side is the purchasi ng power when
only one market opens times the probability of this event. The second
expression applies for the case in which both narkets open and the
normal i zed dollar will buy in market 1 with probability 6.

It is also useful to introduce the coefficient:

(7) @ = [(l-a) + aR°]/ (1 + sy),

whi ch converts current nornalized dollars earned in the goods market
to next period' s normalized dollars. A current nornalized dollar
earned in the goods narket will yield R if its owner buys bonds and
1 otherwise. It will therefore yield on average

(1-0) + aR® current normalized dollars. To convert it to next

period' s normalized dollars we multiply by M/M+1 = 1/(1 + sy).1

1 Here we assume bonds that reach maturity i mrediately. The analysis
can be extended to nore conventional bonds that reach maturity
after T periods by using an appropriate conversion coefficient.
Specifically, let d = BEg[1/(1 + sy)] denote the value of a
normal i zed dollar that will be paid next period in terns of todays
normal i zed dollar. Then if the governnment issues a T periods bonds
the conversion coefficient (7) becones:

@S = (1-a)/ (1 + sy) + adTR°/(1 + sy).
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A nornalized dollar earned in the second nmarket will therefore
buy on average w?z units of consunption. A nornalized dollar earned
inthe first market wWill buy wz units, where w = (Y wl + (Y, w?.

The first order conditions which nust be satisfied for an

interior solution (kg > 0) to (5) are:

(8) V' (k1 + k2) = Bprwz = (Y2) Ppawrlz.

To interpret (8) note that a unit sold in market 2 will bring a
revenue of py normalized dollars which, on average, will become pw?
next period' s normalized dollars and buy pow?z units of consunption.
The expression (Y5)Bpaw?z is therefore the expected discounted
consunption that a unit of capacity supplied to market 2 will bring.
Simlarly, the expression Bpiwz is the expected discounted
consunption that a unit supplied to market 1 will bring. Thus, (8)
says that at the optimumthe margi nal cost (v') nust equal the

di scount ed expected consunption that an additional unit will bring.

A steady state equilibriumis a vector
(k1, k2, p1, p2, Rl, R2, w!, w?, z) such that:
(a) R 21 z=(6); & = (7);
(b) given (p1, p2 R, R, b, «?, z), the quantities (ki, kp)
satisfy the first order condition (8);

(c) Goods narkets which open are cl eared:

pik1 = 1 + vy, p2k2 =,

S

(d) The bond narket is cleared: t}((ZJ-S:1 pjkj) = b/R" for

[%)]
1

1, 2.

A nunerical exanple: To solve for the nine equilibrium nagnitudes:

(k1, k2, p1, p2, Rl, R2, wl, «?, z), we use the five equations in
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(6) - (8) and the four narket clearing conditions. Assuning for
exanple (y = 0.1, b =1, a = 3,4, v(L) = L2 B =1), yields the
followi ng solution: (k1 = 0.458, ko = 0.019, pg = 2.397, pp = 5.195,
R = 1. 21, R = 1. 11, w! = 1.054, w? = 0.902, z = 0.408).

Note that it is possible to solve the bond markets vari abl es

(Rl, R, wl, w?) before solving for the other variables.

The nominal interest rate:

The goods narkets clearing conditions inply:

S

Zj:l pjkj = 1 + sy. Therefore, the clearing of the bonds market
i mplies:

® = bla(z_, pjkj) = b/la(l
(9) R = b/a(z’ -y pjkj) = bla(l + sy).

If the supply of bonds is strictly greater than the demand for
it, b >a(l + sy), the gross noninal rate is greater than one and
there will be an active bonds narket.

The equilibriumrelationship (9) inplies a negative relationsip
between R and the end of period noney supply. What assunptions are
required for this result? To answer this question |et us consider an
environnent with no uncertainty and assune that the fraction of
buyers who get the transfer paynent is always y. In this case there
will be only one goods nmarket. Let us denote the price in the single
goods market by p (nornalized dollars per unit) and let k denote the
supply of the representative seller. Suppose further that a = 1 and
all sellers buy bonds with the pk normalized dollars that they earn
at the goods narket. Under the assunption b > 1 + vy, there exists a

market clearing interest rate: R=Db/pk =b/(1 +y) > 1. Cearly an
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increase in the end of period noney supply (an increase in y) |eads
to a reduction in the interest rate.

Thus limted participation (a < 1) and trading uncertainty are
not necessary for the negative rel ationship between the end of period
noney and the interest rate. This negative relationship arises as a
speci al case of Lucas' argunent cited in the introduction: The cash
in advance in the bonds nmarket inplies that the anount of liquidity
affects the interest rate.

The role of the limted participation assunption is to allow
for the possibility that both cash and bonds are held while bonds
have a higher rate of return. In this nodel all sellers invest their
idle cash in bonds if they have a chance to do so. Idle cash is held
only by sellers who for one reason or another did not nake it to the

bank.

The "wi nner curse" effect:

Substituting (9) in (7) yields:

(10) > = [(1-a) + b/ (1 + sy)]/(1 + sy),

which inplies w! > w? Thus, a nornalized dollar earned in the first
market is worth nore in terns of next period's normalized dollars
than a nornalized dollar earned in the second narket:

w=(Y)(w! + w?) > w? This result will play an inportant role in
explaining stylized fact (d). It is in the spirit of the "w nner
curse" effect in the auctions literature: The success in buying

dollars for goods inplies a | ower value of the dollar.
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Accounting for the stylized facts (a) - (c¢):

In equilibrium noney affects quoted prices with a lag of one
peri od. Thus, prices may appear to be "sticky" in spite of the fact
that sellers do not have an incentive to change prices during trade.
This accounts for the first stylized fact. Wen noney is |low and only
one nmarket opens capacity utilization is | ow and neasured output is
low. This accounts for the second stylized fact. The nom nal interest
rate (9) declines with s and the current noney supply. The rea
interest rate, RS/(l + sy) = b/a(l + sy)2, also declines with s (and
the current nmoney supply). This accounts for the third stylized fact.

I now add variable costs and the distinction between workers

and firns to account for the stylized facts (d) and (e).

ADDI NG VARI ABLE COSTS

It was inplicitly assunmed that capacity created at the
begi nni ng of the period can be costlessly converted into output at
the tine of sale. | now assume that it costs one unit of variable
labor (1) to convert a unit of capacity into output at the tinme of
sale. W may think of a restaurant as an exanple. It takes a unit of
fixed | abor to prepare a neal (create capacity) and a unit of
variable labor to serve it and wash the di shes (convert capacity into
out put) .

Unli ke the previous section, here production is done by firns.
Each household owns a firmwhich hires (fixed and variable) |abor,
but cannot supply labor to his own firm The wage rate for the fixed

factor is denoted by w. The wage rate for the variable factor
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supplied if market s opens is denoted by ws, all in nornalized
dol I ars.

The firms profits if s markets open are:
s
(11) ¢S=Zj:1(pj - W) k) - w(ky + ko).

The firm nmaxi m zes the expected purchasi ng power of profits. It

chooses kg = 0 to sol ve:
(12) max (Yo plwlz + (Yo) p2u?z.

An interior solution to (12) requires a strictly positive net

price (pj - wj) and

(13) (p1 - W1 w = (Y2)(p2 - W2)w? = Ww.

This says that the expected net revenue (in terms of next period's
nornal i zed dollars) fromsupplying an additional unit to market 1 is
the sane as the expected net revenue from supplying an additiona
unit to market 2 and is equal to nmarginal cost.

For sinplicity |I consider the case in which the household's
utility function is linear in variable |abor:
Uec, L, I') =c - v(L) - nl, where L is the quantity of fixed |abor, I
is the quantity of variable labor and n is a strictly positive
paranmeter. We may think of the variable input as being supplied by a
new nenber of the household: a child.

| use I g to denote the quantity of variable |abor supplied to
market s if it opens and descri be the household' s problem by the

foll owi ng Bell nan's equati on:
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(14) V(m = max E s(m+i)/ps - v(L) - nl1 - (¥2)nl2

+ BaEV{[RO(WL + zjszl Wijlj + Ws) - g1/ (1 + sy)}
+ B(1-0) EsV{[ (WL + Z-Szl Wijlj + WS) - g5]/(1 + sy)},

where the maxim zation is with respect to L and |g. The first order

conditions for an interior solution to this problemare:

(15) v (L) = Bw wz,
and
(16) n= Pwiwz = Pwy2w?z.

These first order conditions require that marginal utility cost

equal s expected di scounted consunption. Note that since w > w?

(17) W1 < W2.

The intuition is in the "wi nner curse" effect: A normalized
dollar earned in nmarket 1 is worth nore in terns of next period' s
normal i zed dollars and therefore the wage rate for the variable
factor in market 1 is lower, in spite of the fact that we assune
constant margi nal variable [abor cost. The result will be only
strengthen if instead of the linear cost v(L) + nl we assune
v(L + 1).

Substituting (15) in (13) leads to:
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(18) vi(L) = B(p1 - w1 wz = (Y)B(p2 - W2) Wz
which is the sane as (8) when w1 = w2 =0

A steady state equilibriumis a vector (kp, ko, L, 11, 12, p1,
p2. W, w1 wa L ¢2 R, R%, wl, w2 z) such that:
(a) R§ 21; pj - Wwj 20, L =K1 +kp Ig=Ksg;
(b) z = (6); w® = (7); ¢5 = (11);
(c) given (p1, P2, W, W1, W2, o, «?, z) the quantities (ki, k)
solve (12);
(d) given (p1, p2, Rl, RZ, W, W1, W2, L, w?), the labor supplies
(L, 11, I2) solve (14);
(g) markets are cleared:
pik1 = 1 +y, p2k2 =y,
and 0((ZJ-S:1 pj Kj) = b/ R’;

for s = 1, 2.

Back to the stylized facts:

In this nodel sellers take into account the "w nner curse"
effect on the value of the dollar: A dollar earned in a higher index
market is worth less in terns of next period' s normalized dollars
than a dollar earned in a |ower index market. Therefore, the
equi l i brium wage of the variable factor in narket 1 nust be | ower
than the equilibriumwage of the variable factor in market 2
(W1 < wy2). The average real wage of the variable factor is |ower
when the noney supply is low w1 < (W1l1 + w2l 2)/(l1 +12). This

is in accordance with stylized fact (d).
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An interior solution to the firms problem (12) requires a
strictly positive net price (pj - Wj). Using the definition of
profits in (11) this inplies: @2 - ¢l = (p2 - wo)kp >0. Thus in
accordance to the stylized fact (e) real profits are | ow when the

noney supply is | ow.

CONCLUSI ONS

A sinple UST nodel was presented. In this npdel a negative
noney supply shock causes all the effects docunented in CEE (1997).

The lack of price level response (stylized fact [a]) occurs
because quoted prices do not change in response to current changes in
t he noney supply. At the beginning of the period the sellers put a
price tag on each unit. This activity was described as allocating
capacity over abstract markets. It reflects a contingent plan which
specifies the amount that will be sold to each batch that may arrive
The contingent plan is tinme consistent and therefore the seller does
not change quoted prices in response to information that arrives
during the trading process.!

The fall in aggregate output (stylized fact [b]) occurs because
when noney is |low, | ess narkets are opened and capacity utilization
is low Measured output is therefore |ow for two reasons. First,
unused capacity is often not nmeasured as output: A neal which was
prepared in a restaurant but was not sold is not measured as out put

even when fixed costs were used in the preparation of the neal

1 Average transactions prices do change but the data collected about

prices is usually about quoted prices not transaction prices.
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Second, low capacity utilization inplies the use of |less variable
factors of production

When the noney supply is low, the sellers revenue is | ow and
less idle noney arrives at the bonds market. Since the supply of
bonds does not depend on the end of period noney supply, |ow noney
leads to a | ow price of bonds and high rate of return. This accounts
for stylized fact (c).

The "wi nner curse" accounts for stylized fact (d): Money earned
inthe first market will buy nore on average than noney earned in the
second market. Therefore, the wage paid for the variable factor is
lower in the first market. \Wien the noney supply is low only market 1
opens and the average wage is |ow. Assuning fatigue (increasing
mar gi nal variable [ abor cost) will only strengthen this result.

When the noney supply is low, capacity utilization is |ow and
since the firmbears the full cost of |ow capacity utilization
profits are low. This accounts for stylized fact (e).

In addition to the above five stylized facts, Gertler and
G lchrist (1994) observed that inventories tend to rise after a
nonetary contraction. This is difficult to explain when using either
the limted participation nodel or the fixed price nodel in CEE
(1997). In these nodels price taking firms can sell as nuch as they
want at the market clearing price and therefore storage occurs only
if the expected rise in price covers the storage and interest costs
of holding inventories. After a nonetary contraction, prices are
expected to fall and therefore inventories should not be held
according to these nodels.

UST nmodel s allow for the possibility that sellers will fail to
nmake a sale and hold "unwanted" inventories even if prices are

expected to decline. Inventories are especially large after a
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nonetary contracti on because in this case many units are not sold.
For a UST nodel with inventories, see Bental and Eden (1996) and Eden

(forthconing).
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