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I NVENTORI ES AND THE BUSI NESS CYCLE: TESTI NG THE | MPLI CATI ONS OF A UST

MODEL

Changes in inventories are volatile and snall. Christiano (1988)
reports that quarterly changes in inventory investnment are on average
0. 6% of GDP but about half the size of changes in GDP. This type of
observation | ed Blinder (1981, page 500) to conclude that "to a great
extent, business cycle are inventory fluctuations". We can therefore
hope to use inventories behavior for testing conpeting business cycles
theories. Here | focus on the inplications of an Uncertain and
Sequential Trading (UST) nodel

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 assumes 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 economnmics to study the real effects of noney and
ot her issues. See Eden (1994), Lucas and Wodford (1994), WIIlianson

(1996) and Wodford (1996).



Bental and Eden (1993, 1996; hereafter BE) introduced storage to
the UST franmework. In the 1993 paper i.i.d. demand shocks arise as a
result of taste shocks. In the 1996 paper i.i.d. demand shocks arise as
a result of noney supply shocks. The predictions of the nbodel about the
behavi or of real variables do not depend on the source of the denmand
shock. Here | focus on the 1996 nonetary version

BE (1996) use a cash-in-advance econony populated by infinitely
I ived househol ds. Each househol d consists of two people: a seller
(producer) and a buyer. At the beginning of each period the household
has noney and inventories. The seller takes the inventories and goes to
wor k. He produces sone additional output and tries to sell the
accumul at ed stock. The buyer takes the noney and goes shopping. On the
way to the shopping location, the buyer may receive a nonetary transfer
Once the buyer arrives at the shopping | ocation he spends part or all of
t he noney he has and returns honme. The househol d consumes what ever the
buyer managed to buy. The only uncertainty in the nodel is about the
nunmber of buyers that will receive the transfer paynent.

The seller stays in one |ocation. He knows that a certain m nimal
amount of nmoney will arrive. W say that this niniml anmount buys in the
first market. Wth sone probability, nore buyers will get a transfer and
nore noney will arrive. The additional noney, if it arrives, opens the
second market and so on. The seller, after having produced, allocates
t he avail abl e supply (output + beginning of period inventories) anong
all potential markets. If a particular nmarket opens the seller sells the
supply allocated to that market for cash. If that narket does not open
the supply is carried over to the follow ng period as inventories.

Inventories nmay al so be held for purely specul ative reasons.



The nodel devel oped here is aimed at sinplifying BE (1996) and
making it user friendly while adding enpirically relevant features.
Unli ke BE (1996) here demand can take only two possible realizations,
the cash in advance is alwasy binding and pure specul ation is not
all owed. But here | add serially correlated supply shocks and a richer

nmenu of | abor supply choices.

The "undesired inventories" hypothesis

Before turning to the nodel, | would like to build sonme intuition
about the main result in BE (1993, 1996): The negative relationship
bet ween t he begi nning of period inventories and output. In Figure 1 the
price in the second market (p2) is on the vertical axis while total
supply (k = inventories + output) is on the horizontal axis. Equilibrium
prices nove together and therefore we can think of po as representing
the average price. An increase in the beginning of period inventories
(whi ch occurs say as a result of a negative demand shock in the previous
peri od) shifts the supply curve to the right wthout affecting the
demand curve. As a result, prices go dowmn. Fromthe diagramwe can see
that a unit increase in inventories 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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Figure 1

This is different fromthe real business cycle nodel in Kydland
and Prescott (1982) and Cool ey and Prescott (1995) who treat inventories
as part of capital. This input view of inventories suggests a positive
correl ati on between the begi nning of period | evel of inventories (input)
and out put.

The production snoot hi ng nodel suggests that on average the
begi nning of period inventories will be large in a period of high demand
and low in periods of |ow demand. Production is expected to behave in
the sane way |l eading to a positive correlation between the begi nni ng of
period inventories and out put.

Bl i nder and Fischer (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
di fference between desired and final goods inventories. This should |ead

to a negative rel ationship between the begi nning of period inventories



and output. The major difference between the inplications of the

Bl i nder - 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.
The nodel

There are n househol ds. Each househol d consists of many people: a
sell er (manager) a buyer and a | arge nunber of workers. The nmanager of
househol d h takes the begi nning of period inventories (IP_l) and the
wor kers and go to work. He chooses the number of workers which will be
enpl oyed (h?), t he nunber of hours per enpl oyee (FF) and effort
(Ft = the fraction of productive tinme out of total time spent at the

wor k- pl ace). Total productive hours or |abor input is given by:
h h, . h , h
(1) Ly = (ND (H) (Fp).

The household is risk neutral and dislikes all three conponents of

labor. Its single period utility is:
h h h
(2) Ct - U('\{]! |-lt! Ft);

where c is consunption and the function v( ) is the disutility from
| abor supply conponents. The househol d does not treat all conponents of

| abor supply as perfect substitutes. He nmay prefer for exanple, to
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supply N=H=F =1 rather than N=1, H=2 and F = Y, To sinplify
the exposition, | assume that v is symetric. For exanple:

v = (1/2)(N1/3 + HY3 + Fl/3)6_

The m ni mum cost of supplying L units of labor is given by:

(3) v(L) = nmin u(N, H F) s.t. (N(H(F = L.

It is assuned that there exists a unique solution to (3) and because of

symmetry:

(4) N=H=F=LY3

It is further assune that v(L) has the standard properties of a cost

function: v'(0) =0, v'" >0 and v'' > 0.
Labor is the only input and the production function takes the

Cobb- Dougl as form

h h

(5) yt :gt(Lt)G'

where & is an i.i.d supply shock. Total supply is:
h h h

(6) kt =y It-l'

Demand: The buyer takes the beginning of period bal ances (NF dol | ar s)
and goes shopping. On the way to the market the buyer may receive a
transfer of Tt dollars. The number of buyers that will receive a

transfer is unknown. For sinplicity it is assuned that either a fraction



y or a fraction 2y of the buyers will get a transfer. These events occur
with equal probabilities and the identity of the buyers that wll
receive the transfer is determined by an i.i.d. lottery.l

The buyer spends all the available cash: !\/{] if he did not get a
transfer and I\/[] + Tt if he did get a transfer. Buyers arrive in the
mar ket sequentially. The order of arrival is deternined each period by
an i.i.d lottery. Upon arrival, each buyer sees all the available offers
and buys at the |lowest price. Since cheaper goods are bought first,
buyers that arrive late may face a higher price.

The average begi nning of period balances is: M = (1/n) zﬂzll\/p

For sinmplicity | assune: Tt = M. The ampunt spent per seller is
therefore: M+1 =M + yTt = (1 +yYM if afraction y got a transfer and

M+1 = (1 +2y)M if a fraction 2y got a transfer.

Markets: Fromthe sellers' point of view, purchasing power arrives in
bat ches. The first batch of At = (1 + yYyM dollars arrives with
certainty. The second batch of Ayt = yM dollars arrives with
probability 1, | say that the first batch of dollars buys in the first
market at the price Pit. The second batch of dollars buys, if it

arrives, in the second market at the price Py.

1 The following story may hel p. The government is conmitted to a wel fare
program whi ch pays Ti 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 sane (randon) probability

to winning the welfare lottery.



The househol d's naxi n zati on problem The household's current

consunpti on depends on the beginning of period bal ances (NF), on whet her
it gets a transfer payment and on the market (price offer) it draws. The

expected current consunption is denoted by:

(7) E((M + TeTO) /P b,

st
where tilde denotes a randomvariable; i =1 if the buyer gets a
transfer and ir = 0 otherwi se; and expectations are taken with respect to

(i =0,1) and § (s = 1,2).2
Since in the UST nodel (and nost other nodels) observed changes in
t he begi nning of period noney supply are neutral, | use the beginning of

peri od noney supply per household as the unit of account and call it a

2 To conpute (7), note that if only one narket opens, the buyer will buy
at the price Pyt with probability one. If he gets a transfer (with
probability y) he will have (NP + Tt)/P1t units of consunption
O herwi se, he will have NP/Plt units. The expected consunption if only
the first nmarket opens is therefore: [y(NP + T¢) + (1 - V)NF]/Plp
If two markets open in the current period, then the buyer wll
participate in the first market with probability Aq¢/ (A1t + Azt), which
is the fraction of dollars in batch 1 out of the post-transfer noney
supply. The probability of a transfer in this case is: 2y. The
expected consunption given that two nmarkets open is therefore:

(Loae/ (Bar + 201120 + T + (1 - 29 M1/Py

+ Logu/ (Bar + o) 1120 + TO) + (1 - 29 M1/ Par).

The unconditi onal expected consunption is:

& ol + TP = (UM + T+ (1 - MIrPy
+ (U ([bac/ (Ba + D)1 [20M + T) + [1 - 20 M1/ Py
+ [ac/ (Bae + B [2vM + T) + (1 - 20 M1/ P}
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normal i zed dollar. For exanple, if the beginning of period noney supply
is M, aprice of 1 nornalized dollar nmeans that you have to pay M
regular dollars to get a unit of the good. Note also that the assunption
T = Mneans that the transfer per buyer is one nornalized dollar. | use
| ower case letters to denote nornalized prices and bal ances and wite

(7) as:

(7') E((n] + T /b, ).

When exactly s markets open this period M+1/M =1 + sy and a

normal i zed dollar this period will becone:

(8) WS = 1/(1 + sy),

normal i zed dollars in the next period, if held as a non-interest bearing

asset .
Seller (manager) h allocates the avail able supply across the two
mar ket s:
h h h
(9) k1t + k2t = kt’

wher e krt is the supply to nmarket j.3

The average per househol d begi nning of period inventories is:

3 Thus, pure speculation is not allowed. For the nore general case in

. h h h
whi ch klt + k2t < k see BE (1996).

t ’
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.1 = (1/n)ZE:1 I?l. I use x = (1.1, € to denote the current aggregate

state and assune an equilibriumin which all nagnitudes are functions of

X. | drop the superscript to denote average per househol d nagni tudes and
use
(10) k(x) = e[L(x)]19 + 1.1,

to denote total supply per househol d and

(11) %00 = k() - 5oy k()

to denote the average per household |l evel of next period inventories if
exactly s markets open today.

I'n equilibrium household h chooses (N, H', F") to solve the
foll owi ng Bel | man equati on:

(12) v( |P :

1 X) = max E{(nD + T)/pg(x)} - (NN, HYOFh) 4+

BEVI S _ K1 (145y), KD - szS':lkj“; [15(x), &}

s.t.

LM = (NY) (H) (F),

kg + kg = kh = g(Lha + IPl and non negativity constraints,

where V(nd, |P1§ X) is the maxi num expected utility when the aggregate

state is x and the household starts the period with the predeternined
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h

vari abl es (nf, |-1)' Expectations are taken with respect to this period

number of markets (S) and next period supply shock (€).

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

interior solution to (12), | conpute the expected purchasi ng power of a

normal i zed dollar held by the buyer at the beginning of the period:

(13) z(x) = (Y[ pa(x)] + (Y2)[61/pa(x) + 82/ p2(x)],

where Og is the probability that a dollar is in batch s given that two
mar kets open: 01 = (1+y)/(1+2y) and 062 = y/ (1+2y). The first termon the
ri ght hand side of (12) is the purchasing power of a normalized dollar
if only one market opens. The second termis the expected purchasing
power if two markets open.

The expected purchasi ng power of a normalized dollar next period

given that s markets open this period is:

(14) ZI1%(0)1 = E{z[1°%(x), &}

At the optinum 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 :

(15) me(x) = v [L(x)]/ea[ L(x)]191 = Bp1(x) E{Z[15(x)]}.
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The right hand side of (15) is the expected discounted real price: p1 is
the price in terns of current nornalized dollar, piw® is the price in
terms of next period nornalized dollars and p1wSZ is the price in terns
of next period expected consunption.

The expected margi nal cost next period given that s markets open

today is:

(16) M 1S(x)] = E{me[15(x), &}

Since at an interior optinumthe seller nmust be indifferent

bet ween supplying to the first and to the second narket we have:

(17) p1(x) E{w®Z(15)}

= (Y pax)wZ(1%) + (Y M1,

The I eft hand side of (17) is the expected consunption from supplying a
unit to the first narket. The right hand side is the expected
consunption fromsupplying a unit to the second nmarket. The right hand
side has two elenents. The first is the expected consunption given that
mar ket 2 opens and the unit is sold. The second is the value of the unit
if market 2 does not open and it is carried as inventories to the next
period. Since in this case, the unit nmay be used to substitute for next
peri od production, the value of inventories is equal to next period
expected nargi nal cost.

A full (steady state) equilibriumis a vector of functions
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[p1(x), p2(x), L(x), N(x), H(x), F(x), k(x), ki(x), ka(x), z(x), nc(x),
1Y), 120, 211501, MI1IS(x)], V(m1:x)] such that: (9) - (17) are

sati sfied and narkets which open are cl eared:

(18) 1 +y=piux)ka(x) ; vy = p2(x)ka(x).

Solving for a partial equilibrium A partial equilibriumis defined for

a given current state x and given expectation functions:

A={Z(s), M(*)}.

A partial equilibriumfor given (x, A is a vector
[p1(x; A, p2(x; A, L(X A, Nx; A, HXx; A, F(x; A, k(x; A,
ki(x; A, ko(x; A, z(x; A, nmc(x; A, Il(x; A, I2(x; A)] that

satisfies (9) - (13), (15), (17), (18).

I now solve for the current period nmagnitudes kg(x; A) and
ps(X; A) under the assunption that Z(e) is an increasing function and
MC(e) is a decreasing function. | start by choosing po arbitrarily. The

price in the first market nust satisfy (17) which can now be witten as:

(19) P1E[ wSZ(15)] = (Y pal @PZ(12)] + (Y M(11).

Substituting 12 = 0 and Il = y/py leads to:

(20) p1l (Y2 wlZ(0) + (Y2) w?Z(V/ p2)]

= (Y2 pal ?Z(0)] + (Y2) MV p2) .
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Denote the solution to (20) by: pi(p2). Since Z( ) is an increasing
function and MC( ) is a decreasing function, pi(p2) is an increasing
functi on.

Total demand at the prices po and pi(p2) is:

(21) d(p2) =V p2 + (1 + vy)/pi(p2),

which is a decreasing function of po as in Figure 1.

To find | abor supply we substitute (20) in (15) to get:

(22) mo= v (L)LY ea = B{(Y2) pal wPZ(0)] + (Y2 M/ p2)}.

Let nt(p2) and L(p2) denote the solution to this equation. Since M )

is a decreasing function, nc( ) is an increasing function of ps. Since

v'' >0, L(pp) is also an increasing function. Total supply is given by:

(23) s(p2) = e[L(p2)]% + 1.1,

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

supply and dermand: s(p2) = d(p2), as illustrated by Figure 1

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 use (14) and (16) to conpute the functions
{Z(+, A, M+, A}. W then check whether the assuned functions

A= {Z(*), M(e)} are the same as the partial equilibriumfunctions:
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A = {Z(+; 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 will converge.4

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 |l.1 and ¢ affect the supply schedul e s(p2) but
not the demand schedule d(p2). An increase in l_.3 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

t he begi nning of period inventories reduces output and | abor supply. An
increase in € will not change the right hand side of (22) and will
therefore increase L(p2). It follows that the supply curve (23) wll
shift to the right and as a result prices, output and | abor supply wll

go down. This type of analysis |leads to:

Caim11: The equilibriumfunctions L(x), N(x), H(x), F(x) are decreasing
in | and increasing in & The equilibriumfunctions k(x), ki(x), ka(x),
z(x), Il(x), I2(x) are increasing in | and in & The equilibrium

functions p1(x), p2(x) are decreasing in | and in &

4 A formal existence proof for the Bental and Eden (1996) nodel can be
obtained fromthe authors. For a published existence proof in a
simlar nodel see Bental and Eden (1993). Both existence proofs use

Schauder's fixed point theorem
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Serially correl ated supply shocks

I now turn to the case in which the supply shock follows an AR(1)

process and is given by:
(24) & = PE-1 + Ut
where ut are i.i.d error terns. To analyze this case | redefine the

expect ed purchasi ng power and the expected narginal cost in (14) and

(16) as foll ows:

(14') ZI1°%(x), € = Ez[1°%(x), 41 = pe + 0]},

(16') MIIS(x), € = E{mc[1°(x), E+1 = pe + 0]},

where the expectations operator is taken with respect to U.

Solving for a partial equilibrium As before a partial equilibriumis

defined for a given current state x and gi ven expectation functions:

A ={Z(e ), Me,*)}. | now solve for the current period magnitudes

ks(x; A) and pg(x; A) assuming that Z(e,¢) is increasing inits first

argunent (inventories) and MZ(e,¢) is decreasing in its first argunent.
As before, | start by choosing po arbitrarily. The price in the

first market must satisfy:

(20") p1l (Y2 w!Z(0, &) + (Y2 w?Z(V p2, €]

= (Y2 p2l @?Z(0, &)1 + (Y MV p2, €.
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Denote the solution to (20') by: pi(e p2). Since Z( ) is an increasing
function of next period inventories and MX( ) is a decreasing function
of next period inventories, pi(g p2) is an increasing function of po.

Total demand at the prices py and pi(g, p2) is:

(21") d(e, p2) =vp2 + (1 + vy /pi(e p2),

which is a decreasing function of ps as in Figure 1.

To find | abor supply we substitute (20') in (15) to get:

(22') mc = v (L)LY Y ea = B{(Y2) pal w?Z(0, €] + (Y)MA(V/ p2, €)}.

Let nt(e, p2) and L(g p2) denote the solution to this equation. Since
MZ( ) is a decreasing function of next period inventories, nc( ) is an
i ncreasing function of ps. Since v'' > 0, L(g p2) is also an increasing

function of pp. Total supply is:

(23") s(e, p2) = g[L(e, p2)]% + 1.4,

which is an increasing function of pp. Thus, also in this nore genera
case a solution can be obtained by equating supply and demand,

s(g, p2) = d(g p2), as illustrated by Figure 1

Properties of the equilibriumfunctions: As in the i.i.d. case changes

inl_.q shifts the supply curve only and therefore:
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Claim2: Wen the supply shocks are AR(1l), the equilibriumfunctions
L(x), N(x), H(x), F(x), p1(x), p2(x) are decreasing in |I_; and the
equilibriumfunctions k(x), ki(x), kao(x), z(x), Il(x), I2(x) are

increasing in I._j1.

Unlike the i.i.d case changes in € will in general affect both
supply and demand and therefore the sign of the partial derivatives with
respect to € cannot be determined without sone additional assunptions.
As a working hypothesis, | assune that changes in € have the effects

described in Claiml.

| mpl enent ati on

| start with the analysis of Hodrick-Prescott (HP) |og detrended
vari abl es.® The same synmbols is used now to denote the detrended | og of
the variables. | use the following nodel to interpret vector auto

regression (VAR) of output hours and inventories.

(25) Yi = oLt + &
(26) TH = N+ H
(27) Lt = TH + Ft

5 The 1 ogs of the variables were detrended by the Hodrick-Prescott (H P)
filter, using the standard choice of A = 1600.
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(28) TH = - Balt-1 + Pogt
(29) Ft = - vilt-1 + Y&
(30) It = d1lt-1 + Oo&t - d3st,

where TH = (N)(H) denotes total hours, F denotes effort and L = F + TH
is labor input. To save notation the intercept termwas onitted from al
equations (but is present in all regressions).

Equation (25) is a Cobb-Douglas production function. (It is linear
because the detrended variables are in log forns).

Equation (26) defines total hours (TH) as the sum of enpl oynent
and average hour per enployee. Equation (27) defines |abor supply as the
sum of total hours and effort. Equations (28) - (29) specify total hours
and effort as a function of the beginning of period inventories and the
supply shock. Equation (30) specifies inventories as a function of the
begi nni ng of period inventories, the supply shock € and the nunber of
mar kets open (s). W expect: a, Bi, Vi, ¢ > 0.

Substituting (28) and (29) in (25) leads to:

(31) Yy =- a(Br + vy)lg-1 + a(B2+ y2 + g = -dl¢.1 + eg.

In the serially correlated supply shocks case we get:

(32) Yo = -dlt.1 + eg = -dl{.1 + e(pg-1 + Ut)

= -dl¢.1 + p(Yr-1 + dlt.2) + eut

=pYt-1 - dig-1 + pdlg-2 + eug
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In a simlar way we get:

(33) TH = pTH-1 - Balt-1 + pPB1lt-2 + Bout.

The specification (32) and (33) says that lag variables matter. The
nunber of |ag depends of course on the nunber of lags in the AR process
(24).6 | therefore experiment with various lags starting fromVAR with
one lag only. The main hypothesis is that the begi nning of period

i nventories have a negative effect on all conponents of |abor supply
(enpl oynent, hours per enployee and effort) and therefore on output and

a positive effect on the end of period inventories.

Di saggregati on by stage-of-fabrication: In the version of the UST nodel

consi dered here (chapter 7.5) there is no production |ag and no

di stinction anong i nventories at different stages of the production
process (work in progress and final goods) and no special category for
materials and supplies.’ | therefore | ooked at the change in the
aggregate |l evel of inventories. Blinder (1986) argues that the concept

of inventories that satisfies the equation

6 When the supply shock follows an AR(p) process we should nodify the
theoretical section and define the aggregate state by:

X = (& €1,...,€, l-1). This should not change the result in Claim2

7 See for exanple, Abranpvitz (1950) for an early study and Reagan and
Sheehan (1985) for a nore recent study that distinguishes anong these

types of inventories.
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out put = sales + change in inventories is finished goods + work in
progress. Since this equation is used in the nodel, the aggregate
concept of inventories is appropriate. Here | follow Blinder in using

t he aggregate concept of inventories.

Data: | use NIPA data from 1959:1 to 1997: 4.8 These data have three
concepts of outputs: CGoods, Durable Goods and Non-Durabl e Goods.

(CGDP = Services + Goods; Goods = Durables + Non-Durables). In 1997:4 the
goods produci ng sector was about 40% of GDP and was equal |y divided

bet ween durabl es (20% and non-durables (20%.

The standard deviation of the cyclical variables in the goods
sector are 0.026 for output, 0.011 for sales, 0.014 for inventories and
0. 035 for total hours.

The correlation matrix for the detrended (cyclical) variables is
in Table 1. The correl ati on between the begi nning of period inventories
and output (levels of detrended variables) is positive for the durable
sector (0.2) and negative for the non-durable sector (-0.1). The
correlation for the goods sector as a whole is positive (0.2). The
correlation between hours and |lag inventories are all positive and
somewhat higher: 0.4 for the goods and durable sectors and 0.1 for the

non-dur abl e sector.

8 The data is on the internet at: http://ww.stat-usa. gov/
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Tabl e 1: The correlation matrix for the detrended (In) variabl es.

G .. TH D 1.4 TH ND I.q4 TH
G 1

1.1 0.2 1

TH 0.9 0.39 1

D 0.94 0.19 0.89 1

.4 029 0.9 039 0.2 1

TH 0.91 0.39 0.98 092 0.4 1

ND 0.64 0.17 0.47 0.35 0.26 0.43 1

.4 -0.05 0.59 0.16 0 0.19 0.14 -0.1 1

TH 0.82 0.1 0.89 0.8 0.07 0.85 0.46 0.1 1

*

Al variables were | ogged before the HP filter was applied. W have
three concepts of outputs: goods (G, durable goods (D) and non-

dur abl e goods (ND). For each output concept we have the | ag stock of
inventories (l.1) and hours (TH). The correl ati ons between output and

lag inventories are in large font.

The vector auto regressions are in Table 2. The sign of the
coefficients of lag inventories are as predicted by theory. The |ags of
out put and total hours are statistically significant (t statistics in
parent heses). This suggests the rejection of the i.i.d supply shocks

hypot hesis in favor of the serially correlated supply shocks.
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Table 2°: VAR using H-P detrended log variables
Y1 TH.1 1.1 Adj.R?

Goods measures

dependent var: Y 0.59 0.33 -0.69 0.72

(6.0) (4.2 (-6.8)

dependent var: TH 0.22 0.92 -0.70 0.84
(2.2) (11.2) (-6.6)

dependent var: | 0.09 0.09 0.68 0.90
(2.6) (3.3) (20.0)

Durables measures

dependent var: Y 0.49 0.61 -0.90 0.68
4.2 4.2 (-6.8)

dependent var: TH 0.14 0.96 -0.64 0.85
(1.9) (10.5) (-7.7)

dependent var: | 0.05 0.15 0.65 0.90
(1.6) (3.9 (18.8)

Non-dur. measures

dependent var: Y 0.37 0.21 -0.38 0.33
(5.0 4.2 (-4.3)

dependent var: TH 0.03 0.84 -0.16 0.69
0.9 (16.6) (-1.8)

dependent var: | 0.06 0.05 0.81 0.73
@7 (2.0) (18.4)

* t statistics in parentheses.

We can exam ne the joint

inventories on effort

out put on total

hours and lag inventories,

hypot hesi s about the effect of

by running Two Stage Least Squares regression of

using lag variables as
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instruments. The results in Table 3 are consistent with the prediction

of the theory.

Table 3: Dependent variable = Y; 2SLS using H-P detrended log
variables

Y1 I1 TH Adj.R?

Goods measures -0.27 0.69 0.83
(-4.2) (23.3)

0.51 -0.44 0.36 0.83
(5.6) (-6.2) (5.4

Durables measures -0.31 1.04 0.87
(-4.4) (26.3)

0.40 -0.49 0.64 0.84
(4.2 (-5.6) (5.9

Non-dur. measures -0.25 0.38 0.23
(-2.7) (6.5)

0.37 -0.34 0.26 0.35
(4.9) (-3.9 4.2

In Tables 4 and 5 | test the hypothesis about the effect of the
begi nni ng of period inventories on enploynent and hours per enpl oyee.

The results are consistent with the prediction of a negative effect.
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Table 4: Dependent variable = number of employees (N); using
H-P detrended log variables

Y1 I1 N-1 Adj.R?
Goods measures 0.25 -0.43 0.88 0.89
(4.9) (-5.5) (12.7)
Durables measures 0.15 -041 0.95 0.89
(4.6) (-5.9) (12.6)
Non-dur. measures 0.09 -0.09 0.86 0.78
(2.2 (-1.9) (19.7)
Table 5: Dependent variable = hours per employee (H); using H-P

detrended log variables

Y1 I1 H.1 Adj.R?
Goods measures 0.04 -0.26 0.82 0.72
(0.9 (-5.4) (10.4)
Durables measures 0.06 -0.27 0.78 0.79
(1.6) (-6.8) (8.8)
Non-dur. measures -0.05 -0.07 0.79 0.58

(-1.2) (-1.4) (14.1)
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| mpul se response functions

The nodel has sharp predictions about the effect of demand shocks.
A negative shock to demand | eads to the accunul ation of inventories and
has a persistent negative effect on output, prices and end of period
i nventories. The persistence in this nodel arises because of
i nventories: an increase in the beginning of period inventories by one
unit leads to a less than a unit increase in the beginning of next
period inventories and this leads to even snaller effect on the
begi nning of two periods ahead inventories and so on until the effect
dies out. Since a shock to inventories leads to a persistent effect on
inventories, it leads also to a persistent effect on output.

Since output is determnmined before the begi nning of trade, dermand
shocks affect the end of period inventories only. This allows for the
identification of demand and supply shocks in an inpul se response
anal ysis. A shock to output is a supply shock. Hol di ng cont enpor aneous
out put constant, a shock to inventories is a demand shock. Here | study
the effect of these shocks on contenporaneous and future vari abl es.

For the sake of conparision, | use the sanple period in Christiano
Ei chenbaum and Evans (1998) which is 1964:3 - 1995:2 and allows for four
lags. Al variables are not detrended and except for the interest rate
they are in log form

| start with a sinple VAR system of output and inventories:
1 1 4 4
(34) Yy = dllYt_]_ + d12| t-1 +...+ dllYt_4 + d12| t-4 t €11&

1 1 4 4
(35) It = d21Yt-l + d22|t-l oot d21Yt-4 + d22|t-4 + €21& + €22St,
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wher e diqj are coefficients of the lag variables and ej; are the
coefficients of the supply and demand shocks (¢ and s). | start by
analyzing the effects of a demand shock. This is done by an inpul se
response to a shock in I, ordering Y first.

To understand the nature of the experinment we can inagine the

foll owi ng procedure. W first run:
(36) It = b1Yt + lagged variables + 6.

Since in this regression Y; serves as a variable which is perfectly
correlated with the supply shock, the residual 6 is (perfectly
correlated with) the demand shock. We can now i magi ne that we keep all
the variables in the regression (36) constant and change only the
realization of 8 by o units where o is the estinmated standard devi ati on
of 6.

By construction,
(37) AYy = 0 ; Al = o,

where A denotes the change fromthe initial path. The changes (37)

inmply the followi ng changes at t+1:

1 1
(38) AYi 41 = d120 ;o Ay = d220.

The changes (37) and (38) inply the follow ng changes at t+2:
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_1 1 1 1 2 . _1 1 1 1 2
(39) AYi4+o = d11d120 + d12d220 + dlzc 7 Aty = d21d120 + d22d220 + d220

and so on.

I ran this inmpul se response procedure for four different sectors
(CGDP, GOODS, DURABLES AND NONDURABLES). Figure 2 uses GDP for Y and
i nventories in the goods producing sector for I. An increase in
i nventories by one standard deviation increases inventories initially by
about 0.4 percent. The effect on inventories dimnishes gradually unti
it dies out. The shock to inventories reduces output by about 0.5
percent after one quarter and this effect persists over tine.

Figure 3 uses output and inventories in the goods sector. The
i mpul se response functions |ook qualitatively simlar but the effect on
output is stronger (about 1 percent). Figure 4 uses output and
inventories in the durables sector. Figure 5 uses the nagnitudes from
the non-durable sector. The effect of a shock to inventories on the
output in the durable sector is much larger than in the non-durable
sector: In the durable sector the maxi mal decline occurs after 3 to 6
gquarters and is about 2% In the non-durable sector the naxinmal decline
occurs after about four quarters and is roughly 0.5%

These i mpul se responses are consistent with the hypothesis that an
i ncrease in the beginning of period inventories (due to a negative
demand shock in the previous period) has a persistent negative effect on

out put and a persistent positive effect on inventories.
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Addi ng noney and pri ces:

The nodel predicts a negative persistent effect of a negative
shock to denmand (positive shock to inventories) on prices. To test this
hypot hesis we need to control for the noney supply. As a proxy for the
noney supply, | used the Federal funds rate (FF) and the noney supply
(M= ML). The results are robust to the inclusion of additional nonetary
aggregates like total reserves and non-borrowed reserves as in
Christiano, Ei chenbaum and Evans (1998). For prices | use the inplicit
price deflator (P) or the producer price index (PPIALL). In addition, |
follow Christiano, Ei chenbaum and Evans (1998) in using an index of
prices for sensitive conmmodities (PCOVM and running a four |ag VAR

Figure 6 uses CGDP and inventories in the goods producing sector. A
shock to inventories is followed by about 0.2%inmedi ate decline in
out put which persist for half a year. Qutput then go back to nornal in
about 1 year and then "over shoot". The inplicit price deflator P goes
down gradually and then return gradually to normal. The decline in
prices is slow reaching a maxi mum ef fect of about 0.2% after about two
years. Prices of sensitive conmodities (PCOV) react nuch faster to the
change in inventories. The reduction is about 0.5% after one quarter
These prices go back to nornal after about a year and then "over shoot".

The inpul se response functions are consistent with the hypothesis
that the Fed react to the increase in inventories by |owering the
federal fund (FF) rate. This leads to an increase in the noney supply.
The effect of the shock to inventories on future inventories is positive
and dimnishes initially. But unlike the sinple VAR it "over shoot"

after about a year and a hal f.
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On the whol e the inpul se response functions for the first four
guarters behave according to the predictions of the theory. Qutput falls
and prices fall in spite of the fact that the noney supply (M) does not
decl i ne.

Figure 7 uses output and inventories in the goods produci ng sector
and the producer price index (PPIALL) for prices. The results are
qualitatively the same. The effect of the shock of inventories on output
is stronger: Qutput declines by about 0.5% after two quarters.

Figures 8 and 9 are for the durables and non-durabl es sectors. The
ef fect of inventories on output is about the sanme in both sectors: A
maxi mal effect of about 0.5% In the nondurable sector prices tend to
decline after an inventories shock (especially PCOM in spite of the
fact that the noney supply tends to go up. In the durables sector prices
and the noney supply do not nove nuch. The effect on inventories is
positive in both cases but in the nondurabl es sector inventories decline
after an initial rise. On the whole it seens that the behavior of the

nondur abl es sector is nmore in line with the predictions of the nodel.

The effect of supply shocks

| have not been able to derive sharp predictions about the effect
of serially correlated supply shocks. However, as a working hypothesis,
| adopt the inplications of i.i.d. shocks (Claim1) which says that
out put and the end of period inventories are both increasing functions
of the supply shock (g).

The inpul se response functions in Figures 10 - 17 do reveal a

positive effect of a shock to output on the end of period inventories.
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There is a difference between the durables and nondurabl es sectors. This
difference can be illustrated by the full VAR in Figures 16 and 17. In
the durables sector the maxi mal effect on inventories occurs after about
a year and is close to 1% In the nondurable sector the naxinmal effect
occurs after one quarter and is about 0.5%

The difference is even |larger when | ooking at the effect of a
supply shock on prices. In the durables sector prices tend to go up in
spite of the reduction in the noney supply. In the nondurabl es sector
prices tend to fall in spite of the increase in the noney supply.

On the whole, the responses of inventories and prices to a supply
shock in the nondurables sector is inline with ny intuition about the

UST nodel

Usi ng enpl oynent instead of output

The identifying assunption in (34) and (35) is that demand shocks
af fect inventories only. This assunption is questionable because selling
goods requires real resources. Even if selling goods does not require
real resources there is a neasurenent problemthat stens for the fact
t hat our nodel has nmany prices for the sanme good while the N PA
neasurenents assumes a single price

To see the neasurenent problem note that since inventories are
val ued at replacenent cost (p1) nom nal inconme depends on the nunber of
markets open (s) and is given by: pikq + piko if s = 1 and p1ky + poko if
s = 2. Since p1 £ p2, nomnal incone is an increasing function of s.

Since the price index which is used for deflating nominal incone is
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based on quoted price and is not a function of s also real income
depends on s.

Enmpl oyment (N) suffers less fromthe first problem because it is a
quasi fixed factor: Changes in denmand during the quarter are likely to
cause changes in hours per enployee rather than the nunber of enpl oyees
(see Eden and Griliches [1993], for exanple). Enploynent (numnber of
enpl oyees) does not suffer fromthe second (measurenent) probl em because
it does not use prices. | therefore ran the sane VARs using enpl oynent
(N) instead of output. The inpulse response functions did not change
much as a result of this substitution: See Figures 18 - 21 for the goods

produci ng sector.

CONCLUSI ONS

The negative relationship between the begi nning of period
i nventories and output is an inportant prediction of the UST nodel. The
raw correl ati ons between these variables is positive (and small) when
using H P detrended variables. But when | ag variables are held constant,
the ef fect of inventories on output is negative and highly significant.
In this case, inventories have a negative effect on all three conponents
of labor supply: enploynent, hours per enployee and effort.

The negative effect of the beginning of period inventories on
output is rather robust. It holds when using first differences (not
reported here) and when using the actual |og variables in VAR anal ysi s.

The nodel assunes that production decisions are nade before the

realization of demand. Under this identifying assunptions shocks to
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out put are supply shocks and shocks to inventories (holding
cont enpor aneous out put constant) are (negative) demand shocks.

The i mpul se responses (Figures 2 - 9) are consistent with the
predictions of the theory about the effects of demand shocks when
| ooking at the first four quarters after the shock. Both output and
prices decline in response to a negative demand shock (positive shock to
i nventories).

| was not able to derive the inplications of the nodel about the
effects of serially correlated supply shocks. | expected that sinilar to
the case of serially independent supply shocks, end of period
inventories will rise in response to a supply shock. This occurs in both
t he durabl es and nondurabl es sectors. | also expected that the effect on
inventories will die out gradually. This occurs in the nondurables
sector but not in the durables sector. Sinmilarly | expected that prices
will decline in response to a supply shock. This does not occur in the
dur abl es sector.

The finding of a negative effect of the begi nning of period
i nventories on output and a positive effect of output on the end of
period inventories is consistent with a positive correl ation between the
change in inventories and the change in output.® In the UST nodel a unit
increase in inventories | eads, on average, to a reduction in output and
to a less than a unit increase in end of period inventories. The change

in inventories |ike the change in output is therefore negative.

9 See Abranpwitz (1950) for early enpirical work and Ramey and West

(1997) for the study of recent experience in the G/ countries.
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Furthernore, a supply shock noves output and end of period inventories
in the same direction. 10

The results here are different fromthe findings in Cool ey and
Prescott (1995) for two reasons. First, Cooley and Prescott | ook at the
correlation between the detrended change in inventories and detrended
out put and report high positive correlations. | look at the correlation
bet ween the detrended | evel of begi nning of period inventories and
detrended output. This correlation is positive but srmall. Second, |
focus on the partial correlation rather than the sinple correlation, and

find a strong negative partial correlation

PLEASE ADD HERE THE | MPULSE RESPONSE FUNCTI ONS (FlI GURES 2 - 21)

10 Technical ly,

Cov(Yr - Yt-1, It - lt-1)

= Cov(Yt, It) - Cov(Yt, It-1) - Cov(VYi-1, It) + Cov(VYt-1, lt-1).
Therefore, the finding Cov(Yt, I¢t) = Cov(Yt-1, lt-1) > 0 and

Cov(Yt, lt-1) < 0 is consistent with the finding
Cov(Yt - Yi.1, It - I¢-1) > 0.
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Figure 2 _ Response to One S.D. Innovations+2 S.E.
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Figure 6
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Response of Y to |

Figure 8
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Figure 11

Figure 10 ) Response to One S.D. Innovations+2 S.E.
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Figure 14
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Figure 16
Responseto One S.D. Innovations + 2 S.E.
DURABLES sector
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figure 18
Response to One S.D. Innovations + 2 S.E.
GOODS sector
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Figure 19
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Figure 20

Response to One S.D. Innovations+2 S.E.
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