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post-war US data. | find that (a) The inportance of noney in predicting
output is substantially reduced once the stock of inventories is added
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1. I NTRODUCTI ON

The i nmportance of noney in the business cycle has been debated for
along tine. Friedman and Schwartz (1963) argued that noney is inportant
and enphasi zed the role of M2. Their nonetarist view was chal |l anged by
Tobin (1970) who enpl oyed a Keynsian type nodel to argue for the
possibility of "reverse causation": Inconme may cause noney rather than
money causes i ncorme.

Sins (1980) used nonthly data on noney (ML), industrial production
and whol esal e prices to study the joint behavior of these variables. He
finds that once a short terminterest rate is added to the vector auto
regression (VAR), noney (ML) becones uninportant in the postwar period.

King and Pl osser (1984) find that inside noney is nore highly
correlated with output than outside noney and interpret this finding as
supporting a real business cycle nodel in which fluctuations in inside
noney are efficient and noney is caused by output. Col eman (1996)
estimated a real business cycle nodel with endogenous noney and note
some inportant discrepanci es between the inplied behavior of noney and
output in the nodel and the behavior of noney and output in the data.

Christiano, Ei chenbaum and Evans (1999) survey the literature
about the effects of nonetary policy shocks using the short term
interest rate (the federal funds rate) and non-borrowed reserves as
proxies for nonetary policy. They devote special attention to the
specification and definition of a policy shock and find that the
estimated effects of a policy shock are consistent with the nonetari st

views in Friednman and Schwartz (1963).



In an attenpt to duplicate sone of the results in the literature,
| ran a vector auto regression with the follow ng variables (and the
followi ng order): Y, P, PCOM M, M, FF, where Y denotes the |og of
real output in the goods producing sector, Pis the log of the producer
price index for the goods produci ng sector (PPIGOODS), PCOMis the | og
of a price index of commodities and FF is the federal funds rate. Here
and in the rest of the paper, | use quarterly N PA data for the sanple
period in CEE (1999), nanmely: 1964:3 - 1995: 2.

Figure 1 shows the variance deconposition of Y when allowi ng for 4
lags in the VAR Cearly, M innovations play the doninant role in the
long run forecast of Y and FF innovations play the donminant role in the

I ong run forecast of P

Figure 1

It was also argued that inventories may play an inportant role in
t he business cycle. Christiano (1988) reports that quarterly changes in
inventory investnent are on average 0.6% of GDP but about half the size
of changes in GDP. This type of observation led Blinder (1981, page 500)
to conclude that "to a great extent, business cycle are inventory
fluctuations". See also Abranovitz (1950) for early enpirical work and
Met zl er (1941) for a pure inventory cycle theory (for a good exposition,
see Sachs and Larrain [1993, Chapter 17]).

Figure 2 reports the variance deconposition when the |log of the
begi nni ng of period stock of inventories (1) is added to the system
(placed first). We see that the inportance of M2 and FF are drastically

reduced as a result of adding inventories to the VAR system
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Figure 1: Using 4 lags, 6 variables VAR
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Figure 2: Using 4 lags, 7 variables VAR
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Fi gure 2
Table 1 illustrate the effect of inventories on the output
equation in sone detail. It shows the contribution of the own

i nnovations in Y, the contribution of the stock of inventories (I) and
the contribution of the nonetary variables ML, M2 and FF to the forecast
of Y. This is done for 2, 4 and 8 quarters ahead. As can be seen the

i mportance of M2 is drastically reduced as a result of adding the

i nventories variable. This is especially true after 8 quarters where the
per cent age of the variance accounted by M innovations drops from26 to
11. The relative inportance of M2 innovation also changes as a result of
the introduction of inventories. Wthout inventories M innovation are
nore inportant than both ML and FF innovations taken together. Wth

i nventories M2 innovations and the other nonetary variabl es are about
equal ly inportant. Note further that the introduction of inventories
does not change the percentage of the variance explained by the | ags of
out put (and therefore the percentage of the variance expl ai ned by other
vari ables) after 8 quarters. Its main effect is shifting the explanation

fromthe nonetary variables (especially M) to inventories.
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Table 1°: The contribution of the monetary variables to the
explanation of output with and without inventories

| Y M1 M2 FF

Without inventories

period 2 90.4 0.27 0.43 5.14
period 4 78.6 1.46 8.47 3.80
period 8 50.4 1.13 26.20 11.62
With inventories

period 2 12.7 79.2 0.20 0.47 4.83
period 4 11.9 70.4 1.58 5.44 3.57
period 8 12.97 49.1 2.40 11.51 9.85

* Allowing for 4 lags in the VAR systens. The first three rows are from
the variance deconposition analysis of a 6 variables system Y, P,
PCOM ML, M2, FF. The last three rows are fromthe variance
deconposition analysis of a 7 variables system I, Y, P, PCOM M, M,
FF.

Figure 3 is the variance deconposition when allowi ng for 10 | ags
inthe VAR It seens that when increasing the nunber of |ags,
i nventories beconme the najor explanatory variable of output and prices.

Table 2 repeats the calculations in Table 1 for the case of 10 | ags.

Figure 3



Figure3: Using 10 lags, 7 variables VAR
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Table 2": The contribution of the monetary variables to the
explanation of output

| Y M1 M2 FF
Without inventories
period 2 86.5 0.3 0.1 6.0
period 4 63.4 6.6 7.7 6.7
period 8 39.8 4.0 26.0 15.8
With inventories
period 2 21.2 66.9 1.0 0.5 6.5
period 4 24.7 42.4 7.9 7.4 5.7
period 8 315 29.2 5.2 10.2 11.9

* Allowing for 10 lags in the VAR systens. The first three rows are from
the variance deconposition analysis of a 6 variables system Y, P,
PCOM ML, M2, FF. The last three rows are fromthe variance
deconposition analysis of a 7 variables system I, Y, P, PCOM M, M,
FF.

The above anal ysis suggests that the effect of credit (M) shocks
on output is reduced considerably once inventories are added to the
system Should we neasure the inportance of noney for the business cycle
with a VAR that includes inventories or with a VAR that does not have
inventories in the list of variables?

Here | use the uncertain and sequential trade (UST) nobdel to
answer this question and nore generally to explain the joint behavior of

noney, inventories and output.



2. UST MODELS

UST nodel 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 arrive at the market-place and
derive an equilibriumprice distribution. He assunes that cheaper goods
are sold first and therefore in equilibriumsellers face a tradeoff
bet ween price and the probability of making a sale. In the UST approach
taken by Eden (1990) an equilibriumdistribution of prices is obtained
even though sellers are allowed to change their prices during trade
Wil e Prescott describes his nodel as a nodel in which sellers have
nonopoly power and prices are rigid, in my version of the nodel sellers
are price-takers and prices are flexible. Recently the UST approach has
been used in nonetary econonmics to study the real effects of noney and
ot her issues. See Eden (1994), Lucas and Wodford (1994), Bental and
Eden (1996; hereafter BE), WIlianson (1996) and Wodford (1996).

BE (1996) use a cash-in-advance econony populated by infinitely
i ved househol ds. Each househol d consists of two people: a seller
(producer) and a buyer. The only uncertainty in the nodel is about the
nunber of buyers that will receive a transfer paynent and this leads to
uncertainty about the anpunt that will be spent. The seller knows that a
certain mninal anount of noney will arrive. W say that this mninal
amount buys in the first narket. Wth sone probability, nore buyers will
get a transfer and nore noney will arrive. The additional noney, if it
arrives, opens the second narket and so on. The seller, after having
produced, allocates the avail able supply (output + beginning of period

inventories) anong all potential markets. If a particular narket opens



the seller sells the supply allocated to that nmarket for cash. If that
mar ket does not open, the supply is carried over to the follow ng period
as inventories. Inventories nay also be held for purely specul ative
reasons.

The intuition for the main results in BE (1996) can be obtai ned
with the help of Figure 4. In Figure 4 the price in the [ast market
(ps) is on the vertical axis while total supply (k = inventories +
output) is on the horizontal axis. Equilibriumprices nove together and
therefore we can think of pg as representing the average price. An
increase in the beginning of period inventories (which occurs as a
result of a negative denmand shock in the previous period) shifts the
supply curve to the right without affecting the demand curve. As a
result, prices go down. Fromthe diagramwe can see that a unit increase
ininventories is associated with less than a unit increase in k.

Therefore, output goes down in response to the increase in inventories.
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This is different fromthe input view of inventories in Kydl and
and Prescott (1982) and Cool ey and Prescott (1995), which suggest a
positive correlation between the beginning of period |evel of
inventories (input) and output. It is sinmlar to the target inventories
hypot hesis in Blinder and Fi scher (1981) and Ranmey and West (1997).
Bl i nder and Fi scher (1981) build on Lucas' confusion hypothesis and
wite down a nodified Lucas-type supply curve where production depends
not only on the price level and trend output but also on the difference
bet ween desired and final goods inventories. This should lead to a
negative rel ationship between the begi nning of period inventories and
out put. The najor difference between the inplications of the Blinder-
Fi scher nodel and the inplications of the UST nodel is about the effect
of the initial nonetary shock. The Blinder-Fischer nodel predicts a
change in the price level in response to a noney supply shock while in
the UST nodel current prices do not nove in response to a nonetary
shock. Raney and West (1997) consider a linear-quadratic nodel in which
i nventories are held to snooth production and to neet a desired ratio of
i nventories to sales. They use the nodel to explain the positive
correl ati on between output and change in inventories but do not derive
i mplications about the correlation between the (level of the) beginning
of period inventories and output. Since Ramey and West have a desired
level of inventories inplicit in their formulation, | expect that for
sonme choi ce of paraneters their nodel also predicts a negative
correl ati on between the begi nning of period inventories and output.

In a recent enpirical paper (Eden [forthconing]) | exam ned the

i mplications of the UST nodel about the relationship between the
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begi nni ng of period inventories and output. It was shown that when

| agged variables are held constant, inventories tend to depress output,
enpl oyment, hours per worker and productivity. These result were
obt ai ned usi ng Hodrick-Prescott detrended data.

Here | extend the theoretical analysis in Bental and Eden (1996)
and the enpirical analysis in Eden (forthconming). The theoretica
analysis is extended by allowing for inside noney and serially
correl ated supply shocks. The enpirical analysis is extended by

attenpting to test additional predictions about prices and noney.

3. THE MODEL

The typical household is a worker-buyer pair. It starts the period
with some inventories and noney. The buyer takes the noney and goes to
shop. The worker takes the inventories and goes to produce. He then
tries to sell the available supply (inventories plus currently produced
out put) for noney.

The buyer nmay get a transfer fromthe government and an interest-
free single period credit from banks. The transfer paynent fromthe
governnent is p dollars per dollar held at the beginning of the period
and the credit fromthe bank is 6 dollars per dollar held at the
begi nning of the period. The sump + 6 is an i.i.d randomvari abl e that

can take S possible realizations. W choose indices in a way that:
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Ml + 01 S U2 + 62 ... £ ug + 0s. | use Ng to denote the probability
that the realization of u + 6 is pg + 65.1

Let M denotes the average per househol d amount of the begi nning
of period noney. The anount spent during the period is M(1 + pug + 6g)
with probability MNg. | use M as the unit of account and call it a
normal i zed dollar. The anmount spent in ternms of normalized dollars is
thus: 1 + pg + 6 with probability MNg. Since M+1 = M(1 + pg), a
normalized dollar this period will become w® = 1/(1 + Yg) nornalized
dollars in the next period if the transfer is pg dollars per dollar.

Fromthe sellers' point of view noney (buyers) arrive
sequentially. The mninmal possible amount that will arrive is
A =1 + pg + 61 nornalized dollars and this amount buys in the first
market at the price of pp nornmalized dollars per unit. If no nore noney
arrives then trade ends for the period. But with probability
g2 =1 - Mg, an additional anount of Ay = uo + 62 - (41 + 61) nornalized
dollars will arrive. If it arrives it opens the second nmarket and buys
at the price pp. Sinmlarly, if no nore noney arrives after the end of
transactions in market 2, then trade ends for the period. But with
probability q3 = 1 - M1 - My an additional anmount of
Az = u3 + 63 - (P2 + 62) normalized dollars will arrive and so on

A buyer who holds n' normalized dollars at the beginning of the

period will buy on average:

1 The results here are not sensitive to the way credit is nodelled and
can al so be obtained by adding a taste shock to the Lucas and Stokey
(1987) franmework. For a nore conplete description of the private

banki ng sector, see Bental and Eden (2000).
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S S S
(1) To=MsZj =g UL + ps + 65)/pj,

units of consunption, where Uf = A0j/(1 + us + Bg) is the probability
that a dollar will buy in market j given that s narkets open

Prior to trade the worker takes the begi nning of period
i nventories (IP_l) and goes to work. He produces out put (y?) usi ng | abor

i nput (LP) according to a linear production function
h _ h

where & is a supply shock. He then takes the total supply:

h_ h . h
(3) Kg =Yg + oo

and allocates it across the S potential narkets:

(4) b2

wher e k2t is the supply to market s.
The household is risk neutral and its single period utility

function is given by:

(5) e - (L),

where v( ) is a standard cost function (v' >0 and v'' > 0).
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| drop the superscript to denote average per househol d nagnitudes
and use x = (l.1, € to denote the current aggregate state. In

equi libriumall magnitudes are functions of x. | use,

(6) k(x) = e[lL(x)] + I.1,

to denote average supply per househol d and

s s
(7) (X)) = k(x) - 27

kj(x) =0,
to denote the average per household |l evel of next period inventories if
exactly s markets open today.

It is assumed that the supply shock & is AR(1):

(8) & = P& -1 + Ut

where ut is iid.
The househol d takes the price functions, pg(x), and the next
peri od average inventories functions, Is(x), as given. Gven these

functions he solves the followi ng Bell man's equation
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h S S

h s h h
(9) V(m/, I_l, X) = max ZS:lHSZj:1 ujn1(1 + Hs + Bs)/pj(x) - v(L) +

* Bz§:1 Ms
S _ h h h S h S
EVEIZ oy pj OOk - 8sm /(1 + ps), kN - 5y k' [1°(0), pe + u])

S (kb gh ol

s=1 Xg _1 and non negativity constraints.

Her e V(nP, IPl; X) is the maxi num expected utility possible in
aggregate state x for a household that starts this period with np
normal i zed dol |l ars and Iﬁl units of inventories. The maxim zation is
with respect to Lh and k2. The first rowis the expected utility in the
current period. The second row is the expected future utility. The
expectations operator Eis taken with respect to the randomvariable u

Equilibriumis a vector of functions
[p1(X) ... ps(X), LX), K(X), Ki(X)s. .., ks(x), 13(x)..... 15(x)] which
satisfy (6)-(7) and
(a) given the functions [ps(Xx), Is(x)],

[Lh = L(x), k2 = kg(x)] solve the household's problem (9) for all x;

(b) markets which open are cl eared:

(10) ps(x) ks(x) = Ag, for all s.

In the Appendix | provide an algorithmfor conputing the
equi li brium functions and characterize the equilibriumfunctions as

fol |l ows.
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Proposition: The equilibriumfunctions L(x), ps(x) are decreasing in I_.q

and the equilibriumfunctions k(x), ks(x), IS(x) are increasing in|l.j.

The intuition is in Figure 4. An increase in the beginning of
peri od inventories does not change the equilibrium demand curve and
noves the equilibriumsupply curve to the right. As a result, prices and
out put goes down. But total supply (output + inventories) goes up and
the supply to each narket goes up. Since the end of period inventories
are the supplies to market which did not open, the end of period
i nventories conditional on the nunber of nmarkets open, increase.

The analysis will not change if we allow for the possibility that
changes in the supply of noney (outside and inside) depend on the state
of the econony (x). To showthis claim | assune that changes in the
noney supply occur in two stages: A perfectly anticipated stage and a
random process whi ch was described above. In the first stage, the
government gives a transfer of A(x) dollars per dollar and the banks
extend credit of Y(x) dollars per dollar. W then start the random
process in which the governnment gives a transfer of p dollars per dollar
and the banks give credit of 0 dollars per dollar. Thus total spending
is given by: [1 + A(x) + @(x)][1 + u + 6] M, and the noney supply
evolves according to: M4+1 =[1 + AM(X)][1 + plM. W now nornalize al
magni t udes by the anticipated purchasing power [1 + A(X) + Y(X)]M

i nstead of by M and the proof of the Proposition goes through
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4. | MPLEMENTATI ON

| assume that the equilibriumfunctions L(x) and Is(x) t ake t he

following log linear form

(11) Yo = aglg-1 + Oog

(12) It = vilt-1 + Yyo&t + y3St,

where Yy is the log of real output, l{.1 is the log of the beginning of
period inventories, & is the supply shock and sy is the demand shock
The proposition says that a;1 <0, y1 >0 and y3 < 0. Thus a positive
demand shock | eads to the decunul ation of inventories and to an increase
in next period output. The effect on output is persistent because y; >0
and therefore the effect of a demand shock on inventories is persistent.
Si nce the demand shocks are iid, inventories are a sufficient
statistic for past demand shocks. To show this Caimwe substitute
€& = P&-1 * U in (11) and use the lag of (11), &-1 = (Yi-1 - a1lt-2)/ap,

to get:

(13) Yt = oglg-1 + 0op(pg-1 + up) = aglg-1 + PYi-1 - pazl¢-2 + dout.

Since u is not correlated with denand shocks, denand vari abl es shoul d
not add to the explanation of output.
Since inventories are a sufficient statistic for past denmand

shocks, denmand vari abl es should enter the output equation only when
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inventories are not in the VAR system To showthis Claiml use the lag

of (12) to substitute out I¢.1 in (13). This leads to:

(14) Yt = O01lt-2 + dYt-1 + O3St-1 + 02U,

where 01 = daqy2/ a2 +01y1 - pa1, 02 = p +ajgy? and 83 = aq1ys. Here Y;
depends on the demand shock, s{.1. W can now repeat this procedure and
use the lag of (12) to substitute lt.2 in (14). W keep doing it to get
in the equation all the lag values of s. Assunming that this procedure

| eads to the vanishing of the initial inventory termleads to:

Claim Wen inventories are in the VAR system denand vari abl es shoul d
not contribute to the explanation of output but when inventories are not
in the VAR system denand vari abl es should contribute to the explanation

of out put.

This may explain the change in the inportance of the nonetary
vari abl es when introducing inventories into the VAR system (See Figures
1 - 3 and Tables 1 and 2).

The effect of the nonetary variabl es on output should thus be
estimated froma VAR without inventories. This is because demand shocks
affect inventories which then becone a sufficient statistic and take all
the credit for the explanation of output. According to our nodel, a
demand shock | eads to the decunul ation of inventories and to an increase
in output in the follow ng period. Since a reduction of one unit of

i nventories |eads on average to less than a unit reduction in the end of
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period inventories, the effect on output is persistent and dinini shing
over tine.

The i mpul se response functions which describe the effect of
nonet ary shocks when the list of variables is (Y, M, M2) are in Figure
5. As can be seen the effect of nonetary shocks is quite large. M
reaches a peak of about 0.4%after about 3 quarters while M2 reaches a
peak of about 0.8% after nore than 8 quarters. The effect of ML is
roughly consistent with the theoretical inpulse response function: The
peak occurs early and then the effect dininishes over tinme. This is not
the case for the effect of a credit (M) shock which peaks much | ater

Figure 5

The effects of a shock to the beginning of period inventories:

The specification (12) says that the |evel of the end of period
i nventories depends on the demand and supply shocks during the period.
Wien we run a VAR with output and inventories, lag output in the
i nventories equation, serves as a proxy for the supply shock and
therefore a shock to inventories is a negative demand shock. To see this

Claim | substitute from (11), & = (Yt - aqlt-1)/0ap, in (12) to get:

(15) It = @lt-1 + @Yt + ysst.

where @ = y1- Y01/ a2 and @ = yo/dao. This is the equation we wll get

when we run a VAR of Y and |I. In what follows | used the beginning

rather than the end of period inventories and assuned the order
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Figure 5: Using 3 variables VAR
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(I-1, Y). To use (15) for interpreting this VAR we nay wite (15) as:
lt-1 = ¢lt-2 + @Yi-1 + y3st-1. Wien running the VAR (I.1, Y), both Y.1
and | .o are in the inventories equation and the error termis a pure
demand shock. Therefore in this VAR an inventories shock is a negative
demand shock.

According to our nodel, a negative demand shock |l eads to the
accunul ation of inventories and then to a decline in output and prices.
Since on average a one unit increase in l.1 leads to less than a unit
increase in |, the effect on inventories declines over time and so does
the effect on output and prices. Qualitatively we should get inpulse

response functions as in Figure 6 where the lag index is omitted.

Pesponze of I o I kesponse of ¥ o I

Pesponze of P o I Fegsponze of M to I

Figure 6
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To test these predictions | ran a VAR with the following Iist of
variables: I, Y, P, M, where Pis the log of PPl for finished goods and
I (=1.17) is the beginning of period stock of inventories. The upper
graphs in Figure 7 are obtained when using 4 lags and the | ower graphs
are obtai ned when using 10 | ags. These inpul se response functions show a
persi stent positive effect of an inventories shock on inventories and a
persi stent negative effect of an inventories shock on output and prices.
I nventori es behave as expected, reaching a peak i mediately after the
shock and going back to normal after about 6 quarters. Qutput declines
by about 0.5% and then return to nornal after about 6 quarters. This is
rather simlar to the qualitative inmpulse response function in Figure 6
The evidence on prices is mxed. Wth a 4 |ag VAR prices decline
initially and then the effect is not significantly different from zero.
Wth a 10 lags VAR prices reach a trough after 8 quarters. Money seens
to increase after an inventories shock, which suggests that the effect
on output and prices would have been stronger in the absence of centra

bank i ntervention

Fi gure 7

End of period inventories:

We have found that when inventories are not in the list of
vari abl es, a nmoney shock has a rather strong effect on output. W al so
found that an inventories shock, which we interpret as a negative denand

shock, has a rather strong effect on output. These findings are



Figure 7:
Using 4 variables VAR with 4 lags (upper graphs) and 10 lags (lower graphs)
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consistent with the view that nonetary shocks are transmitted through
i nventories. The missing link is whether nonetary shock i ndeed nove
i nventori es.

Since inventories are a sufficient statistic for past denmand
shocks, we expect that nmoney will affect inventories only if nobney
surprises are correlated with the current demand shock and in this case
the peak effect should be imrediately after the shock. To estimate this
i mpul se response function | ran a VAR with (I, Y, M, M). The inpul se
response functions when using 4 lags are in Figure 8. As can be seen
there is a negative effect of an ML shock on the end of period
inventories and this effect last for a short tinme only. But there is no

significant effect of an M2 shock on the end of period inventories.

Fi gure 8

To test (15) in an alternative way, | neasured noney surprise as a
devi ation from an Hodrick-Prescott trend. This leads to the follow ng
regression in terms of the detrended variables (t statistics in

par ent heses):

(16) detl = 0.81 detl.q + 0.21 detY - 0.016 detML - 0.074 det M

(35) (16) (-1 (-3)

where Adj.R2 = 0.931, N = 155 and the prefix "det" is used to denote a
detrended variable. Here M2 surprises have a significant negative effect

on detrended end of period inventories but ML surprises do not.



Figure 8: Using 4 variables, 4 lags VAR
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Enpl oyment :

It is possible that noney affect output contenporaneously. This
may occur if selling requires real resources, or if sold goods are
val ued at prices higher than inventories. In this case, (11) is
nm sspeci fi ed.

In Eden and Griliches (1993) we assuned that contenporaneous
changes in demand cause changes in hours per enployee rather than
enpl oyment. Under this assunption, the above potential mnisspecification
probl enms shoul d be | ess severe when using enploynment (E) as a neasure of
out put .

| start by running a VAR of (E, ML, M). The variance
deconposition of enploynment reveals that M2 is clearly nore inportant
than ML in expl ai ning enpl oyment. Wen using four |ags, M2 reaches a
peak of 32% after 12 quarters while ML reaches a peak of 6% after 20
quarters. Wen using 10 |l ags M2 reaches a peak of about 40% after 12
gquarters while ML reaches a peak of about 4% after 15 quarters. \Wen the
begi nni ng of period inventories are added to the systemthe inportance
of M2 drops by about a third reaching a peak of about 20% after 12
quarters (when using 4 | ags) and 26% when using 10 | ags.

The inpul se response functions in Figure 9 describe the effect of
i nnovations to noney on enployment. As can be seen the effect of M is
much | arger reaching a peak of about 0.8% after about 10 quarters.

Figure 9



Figure 9: 3 variables VAR
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The effects of an inventories shock in a VAR of (I, E, P, ML) are
in Figure 10 which is qualitatively simlar to the inpul se responses
t hat we obtai ned when using real output.

Fi gure 10



Figure10:
Using a 4 variables VAR with 4 lags (the upper graphs) and 10 lags (the lower graphs)
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CONCLUSI ONS

In this paper | extended the nonetary UST nodel with storage to
allow for serially correlated supply shocks and inside noney. | enployed
a VAR i npul se response analysis to test the main inplications of the
nodel .

In the nodel a negative denmand shock | eads to a persistent
positive effect on inventories and to a persistent negative effect on
out put and prices. The peak effect occurs inmediately after the shock
and then the variables return gradually to the baseline. VAR inpul se
response anal ysis suggests that this is the case for inventories and
output. After a negative denmand shock (inventories shock), inventories
i ncrease and then return gradually to nornmal after 6 quarters. Qutput
declines by about 0.5%and then return to the base-line after about 6
quarters. Prices decline in response to a demand shock but the evidence
on the timng of the peak effect is not conclusive and depends on the
nunber of |ags used.

Demand shocks occur in the nodel as a result of outside and inside
noney shocks. Therefore noney shocks should effect end of period
i nventories. The results here are not conclusive. Wen running a VAR an
ML shock has a significant negative effect on inventories but an M
shock has no effect on inventories. Wien running an OLS regression and
usi ng detrended variables, M2 has a significant negative effect on
i nventories but the effect of ML is not statistically significant.

Resear chers who focused on the effect of a nonetary policy shock did
find an effect of a policy shock on inventories in the direction

predi cted by the theory. Bernanke and Gertler (1995) find that in
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response to a negative nonetary policy shock inventories rise in the
first quarter after the shock and then return to its baseline. CGertler
and Glchrist (1994) found that inventories rise on average after a
nonetary contraction (Ronmer date) but the rise in inventories is nore
pronounced in large firns. For snmall firnms, inventories actually decline
after about 3 quarters.

The theory says that nmoney should not contribute to the
expl anati on of output when inventories are in the VAR system |ndeed the
i mportance of nonetary variables is considerably reduced when the stock
of inventories is added to the system but even in this case nonetary
vari ables still matter.

When inventories are not in the system shocks to both ML and M2
have a significant and a persistent positive effect on output reaching a
peak of about 0.8%for an M2 shock and 0.4% for an ML shock. But the
peak effect of M2 does not occur inmmediately after the shock, as
predi cted by the theory.

To sumup, we nay Vview the paper as testing three hypotheses:
(a) demand shocks have a persistent positive effect on inventories and a
persi stent negative effect on output and prices; (b) the naxinmal effect
is imediately after the shock and the effect vanishes gradually over
time; (c) shocks to ML and M2 are good proxies for demand shocks. The
data is consistent with (a) but the evidence about (b) and (c) are
m xed. In particular, the maxi mal effect of an M2 shock on output occurs
with a considerable lag and there is no effect of an M2 shock on
i nventories.

It is possible that an M2 shock affect demand with a | ong and

variable lag as in Friedman and Schwartz (1963). Mney which the
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househol d plans to spend inmediately is held in the formof cash or in
demand deposit. Money which the household plans to spend in the near
future is held in tinme deposits. The effect of an M2 shock on output nay
therefore occur with a lag and sellers that observe an M2 shock may even
accumul ate inventories for production snoothing reasons. | |eave the

exploration of this possibility to another paper
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APPENDI X

In this Appendix | outline an algorithmfor solving the

equilibriumfunctions. | then use this algorithmto show the Proposition

about the partial derivatives of the equilibriumfunctions with respect

to the begi nning of period inventories.

Equi li brium conditions: To state the first order conditions for an

interior solution to (9), | conpute the expected utility that can be
obtai ned froma nornalized dollar held by the buyer at the beginning of
t he peri od:

(AL) 2(x) = 55

S s h
szlnszjzl Uj”1(1 + Hs + 65)/pj(x)

BEo_ Msa®8snl'Z[15(x), €],

where Z(1, € = E[z(l, €+ = pe + U)] is the unconditional expected
utility and w® = 1/(1 + Yg) is the value of a nornalized dollar in terns
of next period's nornalized dollars.

The first termin (Al) is the expected purchasi ng power of a
nornmalized dollar in the current period. The second termin (Al) is the
val ue of the loan. When the buyer receives eSnP normal i zed dollars as a
[ oan, he will have |ess uﬁesnp nornmal i zed dollars in the beginning of
next period which are worth uﬁesnPZ[IS(x), €] next period' s utils.

| use qg = Z?:s Mj to denote the probability that market s will

open, Tg = Mg/ gs-1 to denote the probability that market s will open
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given that market s-1 open and Zg(x) = Z?:s(ﬂj/qs)uJZ[lj(x), gl to
denote the expected utility froma nornalized dollar earned in market s.
In equilibrium producing an additional unit and supplying it to
the first market will not change the expected utility. The margi nal cost
nmust therefore equal the expected discounted real price in the first

mar ket :

(R2) me(x) = v L)1 e = BpaC) T Mod Z[1 (%), € = Bpa(x) Za(x) .

The right hand side of (A2) is the expected discounted real price: p1 is
the price in terms of current nornalized dollar, piZ; is the expected
next period utility.

Since at an interior optimumthe seller nust be indifferent to

whi ch market he supplies we have (for all s):

(A3) ps-1(X) Zs-1(X) = Teps(X)Zs(x) + (1 - m)MX(1°" L, ),

where MC(1, € = E[nc(l, €41 = pe + U)] is the expected margi nal cost.
To understand the first order condition (A3) we nay think of a seller
who observes that market s-1 opens and considers the choice between
allocating a unit to market s-1 or to narket s. If he sells the unit in
market s-1 at the price ps-1 he will get on average ps-1Zs-1 utils in the
next period. Alternatively, the seller can speculate on the event that
market s will open and allocate the unit to narket s. Wth probability
s he will sell the unit at the price pg and get on average pgZs utils
in the next period. Wth probability 1 - 15 the next market will not

open and the unit will be carried as inventories to the next period. In
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this case it can be used to substitute for a unit of production cutting
s-1

t he expected cost by MZ(I , €).

Finally, when market S opens the seller has a choice between
selling a unit at the price psto carrying it as purely specul ative
: . , . S, .S S
inventories. The seller will sell only if pg(x)w Z(I~, € = MII ", ¢
and will sell everything he has if the inequality is strict. Therefore,

a solution in which kg(x) > 0 requires:

(A4) ps(x)Zs(x) = MX(1°, ) with strict equality when k(x) > Zo_; ks(X).

Solving for a partial equilibrium A partial equilibriumis defined for

a given current state x and given expectation functions:

A=A{Z(e, ), MAe, )}

A partial equilibriumfor given (x, A is a vector
[p1(x; A, ..., ps(x; A, L(x; A, k(x; A,
ki(x; A, ..., ks(x; A, z(x; A, nmc(x; A, Il(x; A, ..., IS(X; A ]
that satisfies (6), (7), (9), (10), (12), (14) and (15).

I now solve for the current period nmagnitudes kg(x; A) and
ps(x; A) assuming that Z(e,¢) is increasing in its first argunent
(inventories) and MC(e,*) is decreasing in its first argunment. In what
follows | supress the argunent & whenever possible and use Z(1) and
MC(1) instead of Z(1, € and MI(I, ¢€).

| start by choosing ps arbitrarily. Purely speculative demand is

given by the solution to:

S , . .
(A5) psw Z(ks+1) > I\/C(ks+1) with strict equality when kS+1 > 0.
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| denote the solution to (A5) by ks+1(ps). The solution to (A5) can be
solved graphically, as in Figure AL. An increase in ps will shift the
pstZ curve to the left and reduce ks+1(ps). Thus, ks+1(ps) is a

(weakly) decreasing function

DPawds

MC

Ez41(DPs) Eg41

Fi gure Al

The quantity supplied to narket S at the price psgis:
kS(pS) = Ag/ps, which is decreasing in ps. The anpunt of inventories if
exactly S markets open is therefore, IS(ps) = ks+1(p5), and the anmount
of inventories if exactly S-1 markets open is:
15 pg) = kg(pg) + kgyq(PS)-

W& can now conpute the price in market S-1 which nust satisfy

(A3). This condition can now be witten as:
(A6) (1 - 19w 1Z[ka(pg) + keyq(P9)] + Tew Z[Keyq(P9)]1}
Ps-1 S, SpS S+1 Ps S S+1 Ps

=TfspstZ[kS+1(ps)] + (1 - mg) M kg(ps) + kgiq(PS)].
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| use ps 1(ps) to denote the solution to (A6).
We can now enter a recursion which at each stage s, starts with
pj (PS) , Ij_l(ps) for j = s and conputes ps-1 and IS'2 in the follow ng

way. We first conpute ps-1(ps) as the solution to:
(A7) ps-17 g 1(Mj/ ds-1) &) 217 (pg)]
= meps(p9) % g (M1 as) o 211 (p9)] + (1 - m) M1 % Hpg)].

s-2 s-1
Ve then conpute | (ps) =17 "(ps) + Ds-1/ps-1(Pps)-
Lemma: ps(ps) and ps(ps) Zs(ps) are strictly increasing functions.

Proof: Let pg increase. If ks+1(Ps) is strictly decreasing then (A5)
holds with equality and since MCis strictly increasing

pstZ[ks+l(PS)] is strictly increasing. In this case, the right hand
side of (A6) goes up. If ks+1(PS) does not change then also the right
hand si de of (A6) goes up. It follows that the Ieft hand side of (A6),
Ps-1Zs-1 must go up. Thus ps(ps)Zs(ps) is strictly increasing. Since
Zs(ps) is decreasing it must be the case that pg(ps) is increasing. The

argunent is then repeated for S-2, S-3, ..., 1 [:]

Total demand at the price pg is given by:

S-1
(A8) d(ps) = kguq(PS) + AYpPs + Zo_; As/ Ps(ps) .
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The Lenma and the result that ks+1(p5) is decreasing inply that d(psg) is
strictly decreasing as in Figure 4.
To find the quantity produced we use (A2) which can now be witten

as:
(£9) v (L)/e = Bpa(ps) ToyMs 6°2[15(pg)].

Denote the solution to (A9) by L(ps). Because of the Lemma, L(ps) is an

i ncreasing function. Total supply is given by:

(A10) s(ps) = L(pg) + 1.1,

which is an increasing function. A solution can be obtained by equating

supply and demand: s(p2) = d(p2), as illustrated by Figure 4.

Solving for a full equilibrium The above partial equilibriumsolution

was conmputed for a given x. W now vary x to get the partial equilibrium
functions and conpute the functions {Z(e,; A, M(e,; A}. W then
check whether the assuned functions A are the sanme as the partia

equi libriumfunctions: A = {Z(e,*; A, M(e,*; A}. If they are the
same, we are done. If not we conpute a partial equilibriumfor the new
vector A' and so on with the hope that this iteration procedure wll

conver ge. 2

2 A formal existence proof for the Bental and Eden (1996) nodel is on ny
web page. For a published existence proof in a simlar nbdel see
Bental and Eden (1993). Both existence proofs use Schauder's fixed

poi nt theorem
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Properties of the equilibriumfunctions: Since a full equilibriumis

al so a partial equilibrium we can derive the properties of the

equi l i brium functions by using the algorithmfor conputing partial
equilibrium Changes in |I.1 affect the supply schedul e s(p2) but not the
denmand schedul e d(p2). An increase in l_.q1 will shift the supply curve to
the right, reduce prices and increase total supply by less than the
increase in inventories: Ak < Al. It follows that an increase in the
begi nni ng of period inventories reduces output and |abor supply. This

| eads to the Proposition.



34

REFERENCES

Abranovitz, M Inventories and Business Cycles, with Special Reference
to Manufacturers’ lnventories New York NBER, 1950

Bental, Benjanin and Benjanin Eden "Mney and |Inventories in an Econony
with Uncertain and Sequential Trade", Journal of Mnetary
Econoni cs, 37 (1996) 445-459.

"Reserve Requirenments and Qut put Fluctuations", August 2000, on
ny web page: http://econ.haifa.ac.il/~b.eden/.
Bernanke, S.B. and M Certler "Inside the Black Box: The Credit Channe
of Monetary Policy Transm ssion" Journal of Econonic
Per spectives, Vol.9, #4 (Autumm, 1995), 27-48.

Blinder, A'S., "Retail inventory behavior and business fluctuations"

Br ooki ng papers on Econonmic Activity 2 (1981) 443-505.

and Stanley Fischer. Inventories, Rational Expectations, and
t he Busi ness Cycle" Journal of Monetary Economics, 8 (1981) 277-
304.

Butters, G "EquilibriumDistribution of Sales and Advertising Prices"
Revi ew of Economi c Studies 44:467-491 (1977).

Christiano Lawence J. "Wy does inventory investnment fluctuate so
much?" Journal of Mnetary Econonics, 21 (1988) 247-280.

Christiano, L., Eichenbaum M and C. Evans, ~Mnetary Policy Shocks:
What Have We Learned and to What End?', Handbook of
Macr oecononi cs, ed.s M chael Wodford and John Taylor, North
Hol | and, 1999.

Col eman, W/ bur John II, "Money and Qutput: A test of Reverse Causation
Aneri can Econonic Review, March 1996, 86(1), pp. 90 - 111

Eden, Benjanin. "The Adjustnent of Prices to Monetary Shocks Wien Trade
is Uncertain and Sequential" Journal of Political Econony, Vol.
102, No.3, 493-509, June 1994.
"Margi nal Cost Pricing Wien Spot Markets are Conpl ete" Journa
of Political Econony, Dec. 1990. Vol. 98, No.6, 1293-1306.

"Inventories and the Business Cycle: Testing a Sequentia

Tradi ng Model " Accepted for publication in the Review of



35

Econoni ¢ Dynanics. (on ny web page:

http://econ. haifa.ac.il/~b.eden/)
and Zvi Griliches "Productivity, Market Power and Capacity
Utilization Wen Spot Markets are Conpl ete" Anerican Econonic

Revi ew , Papers and Proceedi ngs, May 1993.
Friedman MIlton and Schwartz, Anna J. A Mnetary History of the United

States. Princeton, NJ: Princeton University Press, 1963.

Gertler M and Glchrist S. "Mnetary Policy, Business Cycles, and the
Behavi or of Small Manufacturing Firnms" Quarterly Journal of
Econoni cs, Vol une 109, Issue 2 (May 1994), 309-340.

King, Robert G and Plosser, Charles |I. "Mney, Credit, and Prices in a
Real Business Cycle Mdel." Anerican Econonic Review, June 1984,
74(3), pp. 363 - 80.

Lucas, Robert. E., and Nancy L. Stokey "Money and Interest in a Cash-in-
Advance Econony" Econonetrica, Vol.55, No.3 (May, 1987), 491-
513.

Lucas, Robert. E., Jr. and M chael Wodford "Real Effects of Monetary

Shocks In an Econonmy Wth Sequential Purchases" Prelimnary
draft, The University of Chicago, April 1994.
Met zl er, Lloyd "The nature and stability of Inventory Cycles" Review of

Econonics and Statistics, August 1941.

Prescott, Edward. C., "Efficiency of the Natural Rate" Journal of
Political Econony, 83 (Dec. 1975): 1229-1236.

Sachs Jeffrey, D. and Felipe Larrain B. Macroeconomics | n The d obal

Econony, 1993 by Prentice-Hall, Inc.
Sins, Christopher A "Mney, |Incone, and Causality." Anerican Econonic
Revi ew, June 1972, 62(3), pp. 540 - 52.
"Conparison on Interwar and Post-war Business Cycles: Mnetarism
Reconsi dered." Anmerican Econom c Review, Mrch 1980, 70(1), 250
- 57.
Tobi n, Janes. "Money and | ncone: Post Hoc Ergo Propter Hoc?" Quarterly
Journal of Economics, May 1970, 84(2), pp.301-17.
Wl Ilianson, Stephen D. "Sequential Markets and the Suboptinality of the

Friednan rul e" Journal of Mnetary Econonics; 37(3), June 1996.

Wbodf ord, M chael "Loan Conmitnents and Optinmal Monetary Policy" Journal
of Monetary Economics; 37(3), June 1996, 573-605.




36



