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1. I NTRODUCTI ON

The observation that sellers change their prices in unsynchronized
junps is consistent with a sticky price nodel in which prices are set in
a staggered fashion as in the Taylor (1980) nodel. It is also
consistent with an uncertain and sequential trading (UST) nodel.

In a UST equilibriumthere is price dispersion and sellers are
i ndi fferent between quoting a relatively high price and quoting a | ow
price because the low price inplies a higher probability of making a
sale. It is possible that the distribution of prices will adjust
perfectly to changes in the noney supply even when sellers adjust their
nomi nal prices in junps and in unsynchroni zed fashion. In particular, a
seller may not change his nominal price when inflation erodes his rea
price because of the increase in the probability of nmaking a sale. See
for exanple, Eden (1994, 2001), Lucas and Wodford (1994), Bental and
Eden (1996), WIIlianmson (1996) and Wodford (1996).

Thus, the observation that sellers change their nonminal price in
unsynchroni zed junps is not sufficient to distinguish between the
staggered price-setting nodel and the sequential trade nodel. It turns
out that the two nodels have different predictions about the response of
the standard deviation of prices (across sellers of the sane product) to
a noney supply shock. Under staggered price setting a noney supply shock
wi Il have a persistent positive effect on the standard devi ati on of

prices while under sequential price setting it will have no effect.



To build sone intuition it nay be useful to consider the effect of
a once and for all change in the noney supply. W start from an
equi libriumin which the noney supply has been constant for a long tine
and all sellers post the sane price. W then increase the noney supply.
Under staggered price setting sellers can change prices every N periods
and only a fraction 1/N of the sellers can change their price
i mediately after the change in the noney supply. Therefore the change
in the noney supply will create a price difference between sellers who
could change their nominal prices to sellers who could not. The standard
deviation of prices will gradually go back to zero as all sellers adjust
their prices and the econony reaches the new equilibrium In the UST
nodel all sellers can change their prices at any point in tine and
therefore the econonmy will reach the new equilibriuminmrediately after
the change with no effect on the standard deviation of prices.

To di stinguish between the two nodels enpirically we therefore
estimate the response of the standard deviation of prices to a price
shock using datasets on prices by products and stores from hi gh and
noderate inflation periods in |srael

This paper is related to the large literature on the rel ationship
between inflation and relative price variability. For good surveys, see
Cuki erman (1983), Marquez and Vining (1984), Hartman (1991) and Wi ss
(1993). Most of this literature uses the variability in the rate of
change of prices as a neasure of price dispersion. Here we foll ow

Rei nsdorf (1994) and Eden (2001) who use neasures of the variability of



the I evel of prices.l Qur choice of the measure of price dispersionis
based on theory: W derive the inplications of the above nentioned
nodel s with respect to the |level neasure we use. The paper is also
related to Eden (2001) who test the inplications of sinple (S,s) type
nodel s agai nst the UST alternative. Here we focus on staggered price
setting nodel s and derive inplications about the entire inmpul se response

functions rather than focus on contenporaneous correl ations.

2. THEORETI CAL | MPULSE RESPONSE ANALYSI S I N A STAGGERED PRI CE SETTI NG

MODEL

In a staggered price-setting nodel of the type suggested by Tayl or
(1980) and nore recently studied by Chari, Kehoe and McGrattan (CKM
2000), sellers can change prices every N periods. In each period a
fraction 1/ N of the sellers may change their noninal price.

To derive the inplication of this assunption with respect to the
response of price dispersion to a nonetary shock, we start from an
econony that is in a deternministic steady state with zero inflation rate
and assune that this econony is experiencing a once and for all change
in the noney supply. For the sake of concreteness, we assune that at the
initial steady state all sellers post the price of 1 and i mediately
after the change a fraction 1/N of the sellers post a price of 2 while
the remaining fraction of (N1)/N do not change their noninal price and

post the price of 1. Let A = 1In2 denote the percentage change in the

1 Recently Konieczny and Skrzypacz (2000) have used both | evel and rate

of change neasures



nom nal price of the sellers who did make a change. The rate of
inflation inmediately after the change is the weighted average:

DPy = A(1/N) + O[(N-1)/N = A'N.

The standard deviation of the log of prices in this period is:

SOy = (AN[(ND/N + (A- AN(LN = 2(AN - 24/ N2

=DPt[2 - (2/N)]. Assuming N> 2, this inplies the follow ng testable

rel ati onship.

Caim Imediately after the noney supply shock, the standard devi ation
of the log of prices (SD;) is greater than the average rate of inflation

(DPt) and obeys the following inequalities: DPy < SOy =< 2DP;.

This claimderives the inpact effect of a noney supply shock and
can be extended to the nore general case in which the noney supply
follows a randomwal k. As was said in the introduction, the effect of
t he shock on the standard deviation |asts for nmore than one period. To
get an idea about the entire effect we now derive the inpul se response
functions for the case in which the noney supply follows a random wal k
and the length of the contract is two (N = 2) using the exanple in CKM
We use Xt to denote the log of the price of sellers who adjust their
prices at tine t and """ to denote deviation fromthe steady state. CKM

derive the following relationship ([38] in their paper):

(2) Xt = axg-1 + (1 - aym-1.

This says that in response to a noney shock at t-1, sellers who adjust

prices at t will choose a price which is (1 - a)m.1 higher than the



steady state level. Sellers who adjust prices at t+1 will choose a price
which is higher than the steady state |level by

a(l - aym.1 + (1 - aym.1. Sellers who adjust prices at t+2 will choose
a price which is higher than the steady state | evel by

a?(1 - aym-1 + a(l - aym.1. + (1 - aym-.1 and so on. Wen i goes to
infinity, sellers who adjust prices at t+i will choose a price which is
hi gher than the (ol d) steady state by m.;. Thus, we may think of the
response to the shock as a novenent fromone deterministic steady state
to anot her.

To derive the inplications with respect to the effect of the noney
supply shock on the standard deviation, SD, and the rate of inflation
DP, we wite: InM =1nM.1 + & where & is ani.i.d error term W
choose units so that xt-1 =InM.1 = 0. W then assune .1 = 0 and g =

O for i =2t. Applying CKMformula (2) for these notations |eads to:

(3) Xt = (1 - a)o;
Xxt+1 = a(l - a)o + (1 - a)o;

Xt+2 = a%(1 - a)o + a(l - a)o + (1 - a)oc;

where "a" is a key paraneter
The deviations of the inflation rate fromthe initial steady state

are given by:

(4) DPe = (Y2 (xt + xt-1) - (Y2 (xt-1 + xt-2) = (¥ (1 - a)o;
DPt+1 = (Y2 a(l - a)o + (Y (1 - a)o;

DP;+j = aDPy+j-.1 for i > 1.



The standard deviations of prices are given by:

(5) S = (Y Ixt - xt-1l = (Y21 - alo;

SDy+j = |a|SDh+i-1 for i >0.

The i mpul se response functions which describe the effect of the
shock at t-1 are illustrated by Figures 1 and 2 under two alternative
val ues for a. The first uses CKM benchmark val ue of
a = -0.11. The second uses the value that Taylor uses to account for US

data: a = 0.87.2
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Figure 1: Theoretical inpulse response functions in the staggered price

nodel

2 Taylor treats the parameter a as a structural parameter while in CKM
it is a function of the underlying preferences and technol ogy
parameters. In CKMa = (1 - y9/(1 + y° and yis the elasticity of

the equilibriumreal wage rate with respect to consunption.



Response to a monetary shock
a = 0.87
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Figure 2: Theoretical inpulse response functions in the staggered price

nodel

Note that the convergence to the new steady state is nuch faster
when a = -0.11. Wen a = -0.11, (3) inplies that sellers who can change
their price after the shock, choose a price which is higher than the
(new determ nistic) steady state value. Wien a = 0.87 they choose a
price which is nuch |lower than the steady state val ue. This explains why
CKM found that a shock to the noney supply has very little persistent

ef fect on out put.

3. THECRETI CAL | MPULSE RESPONSE ANALYSI S | N THE SEQUENTI AL AND UNCERTAI N

TRADE (UST) MODEL

In Eden (1994) noney follows a randomwal k. There is uncertainty
about the amount of transfer paynent that buyers will receive during

trade and about the noninal anount that they will spend. The transfer



process is |like rain: Everyone observes the amount of transfers
(helicopter noney) which fall but no one knows when it will stop. It is
assuned that noney arrives in batches and each batch of dollars that
arrive opens a new Wl rasian market.

There are thus many potential markets which open sequentially and
sellers allocate their output across one or nore of these potential
markets. Equilibriumprices are proportional to the begi nning of period

noney supply:

(6) Pst = psM,

where Pgt is the dollar price in market s and psg is the normalized price
in market s. The rate of inflation is the same for all narkets and is

gi ven by:

(7) DPy =InPst - InPst-1 =1nM - InM.q for all s.

Thus prices adjust with a one period lag to changes in the noney supply.

The average quoted price is given by:

(8) Pt = 25 WsPst,

where g is the fraction of output allocated to narket s. The variance

of the log of prices is defined by:

(9) VAR(InP;) = Z ys(InPts - InP)?2.
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We define the stationary nmean and variance of normalized prices by:
Inp = X sl nps and VAR(Inp) = = Ys(lnps - Inp)2. Since M is conmon

across all nmarkets we may use (6) to wite:

(10) VAR(I nP;) = VAR(I np) + VAR(InM) = VAR(I np).

This says that a shock to the noney supply does not affect the variance

of the log of dollar prices. In response to a noney supply shock we

shoul d observe an increase in the inflation rate (7) but no effect on

the variance. This is illustrated by Figure 3.
Response of IF to IF Fesponse of 3D to IIF
2

Figure 3: Theoretical inpulse response functions in the UST node

It was shown that the staggered price setting nodel and the UST
nodel have different predictions about the response of DP and SD to a
nmonet ary shock. In the UST nodel the effect of a nobnetary shock on the
rate of inflation is only in the period after the shock and there is no
effect on price dispersion. In the staggered price setting nodel there
is a persistent effect of a nonetary shock on both DP and SD and t he

i npact effect on SDis quantitatively larger than the inpact effect on
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DP. Furthernore, in the staggered price setting nodel the response
varies with the paranmeter a. Estimating the responses of DP and SDto a
nonet ary shock may therefore be useful for distinguishing anong

conpeti ng hypot heses.

4. DATA

We use nmonthly data collected by Israel's Central Bureau of
Statistics as inputs for conputing the CPI. These are prices actually
guoted to the surveyor when visiting the store (quoted price data) and
not transaction weighted or unit value data. The sanple periods are:
1978- 1979, 1981-1982 and 1991-1992. For the first two sanple periods
there are data on the prices of 26 food products (nostly neat and
Wi nes). These data were used by Lach and Tsiddon (L-T) and are descri bed
in their 1992 article. The data from 1991-92 contain 115,394 nonthly
observations of prices by stores and products, collected from 458 stores
whi ch sold 390 different products (each store sold only a subset of the
products). These data are described in Eden (2001). Here we use only 23
out of the 390 products. The 23 products which were selected are also in
the earlier sanples (1978-79 and 1981-82). This sub sanple is called in
Eden (2001) 91-92 "conparable". Here we shall sinply refer to it as
91-92.

The average inflation rate across products and sellers was 4.3%
per month in 1978-79, 6.3% per nonth in 1981-82 and 0. 7% per nonth in

1991-92.
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5. VECTOR AUTO REGRESSI ON ANALYSI S

The staggered price setting nodel suggests the follow ng 2

vari abl es vector auto regression rel ationships:

(11) DP, = ap, + by DRy +...+ b DR
+ cunsq_l +...+ CUMSQ-q + q

(12) SD, = agp * bgpgDPy + Dy DR 4+ -+ by DR
+ CenySD +...+ CenSD, + g

Here the a, b, c are coefficients and 6 and € are error terms. The error
term 6 in the DP equation may arise as a result of serially independent
noney supply shocks. It nmay also arise as a result of sanpling errors
It makes a difference if we sanple sellers who changed their nonina
price or sellers who did not change their nonminal price. Since the
cont enpor aneous | evel of DP an explanatory variable in the SD equation
(and serves as a proxy for the noney supply shock), the error termein
the SD equation is due to sanpling errors. Since current DP affect the
standard deviati on we place DP first when estinmating the vector auto
regression (VAR). The coefficients in (11) and (12) may be product
specific if we allow for product specific length of the contract (N)
Under the UST nodel with a random wal k noney supply all the
coefficients b and ¢ in (11) and (12) are zero. W therefore estinate
the i mpul se response functions twice. We first allow for product
specific coefficients and then inpose the sane coefficients on al

products.
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Al lowi ng for product specific coefficients:

We start by running vector auto regressions for each product
separately, allowing for four lags. The typical VAR had 23 observations
(months) and two variables: DP, SD (in this order). W then conpute the
average i npul se response (AV) across all the products in the sanple
(about 25 products per sanple). This average was conputed by obtai ning
t he i mpul se response function in a Table formfor each product and
taki ng the average (AV) in each period across products. W also
cal cul ated the standard deviation (STD) which is the average distance
from AV across the 25 products.

Figures 4 - 6 describe the the average response (AV) and two
bounds: AV + STD is the average plus the standard deviation and AV - STD
is the average minus the standard deviation. In all the sanples the
average DP return to the baseline in the month foll owi ng the shock. The
average effect of a shock to DP on SD is close to zero. These findings
are consistent with the theoretical inmpulse response functions fromthe
UST nmodel (Figure 3) but not with the two versions of the staggered

price setting nodel (Figures 1 and 2).
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Response of DP to DP
Sample: 78-79

Response of SD to DP
Sample: 78-79

0.04

0.02 A

-0.02

Figure 4: Average (across products) inmpulse response functions for

the 1978-79 sanple
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Respons of DP to DP
Sample: 8182
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Figure 5. Average (across products) inpul se response functions for

the 1981-82 sanpl e



16

Responseof DP to DP
Sample: 91-92
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Response of SD to DP
Sample: 9192
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Figure 6: Average (across products) inpulse response functions for the

1991-92 sanpl e

| nposi ng the sanme coefficients on all products:

We now i npose the sane VAR coefficients across products. W think
of an hypothetical world that lives for GI periods, where Gis the
nunber of product in the sanple (about 25 goods per sanple) and T is the
nunber of nonths (23). In this hypothetical world agents produce one

product only and each 23 nonths the identity of the product changes.
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We create an artificial time series of about (23)(25) = 575
peri ods per sanple and estinmate two i npul se response functions per
sanple.3 The results of this excercise are in Figures 7 - 9. These
i mpul se response functions | ook very nmuch |ike the average conputed in

Figures 4 - 6 and may serve as a test for robustness.

6. CONCLUSI ONS

We used datasets on prices by products and sellers fromthree
inflationary periods in Israel to estimate a two variables VAR DP
(average inflation across sellers who sell the sane product) and SD (the
standard deviation of prices in log forms across sellers who sell the
same product). We found that a shock to DP has no effect on SD and no
persistent effect on DP. These findings are not consistent with a
staggered price setting nodel of the type considered by Tayl or (1980)
and CKM (2000) but are consistent with a UST nodel of the type
consi dered by Eden (1994).

We conpared two rather basic versions of the staggered price-
setting and the UST nodels. Mirre general versions tend to yield |ess
powerful predictions. In Bental and Eden (1996) a noney supply shock
wi Il change the | evel of the beginning of next period inventories and
this may (but need not) lead to a change in SD. In Calvo (1983) and in
Dot sey, King and Wl man (1999) a shock to DP may occur as a result of an

increase in the fraction of sellers who change their price in the

3 W separate each good by an appropriate nunber of blanks so that the

| ags of product i will not be taken as observations from product i-1



Figure 7: Imposing the same coefficients on all products; 78-79

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

Response of DP to DP

0.08

0.06,

0.00 S N p—
-0.02 B :
1 3 4 5 6 7 8 9 10
Response of SD to DP

0.015

0.0104

0.005]

0.000 N T S ——
-0.005]
-0.010 S T
-0.015




Figure 8: Imposing the same coefficients on all products; 81-82
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Figure 9: Imposing the same coefficients on all products: :91-92
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current nmonth. In this case if the fraction of sellers who changed their
price is large we nay get a negative rather than a positive response of
SD to a DP shock. Dotsey, King and Wl nan (1999) calibrated their nodel
and found a positive correlation between inflation and relative price
variability. Here we use data fromrelatively high inflation periods and
therefore it seens reasonable to assune that noney supply shocks

domi nate during these peri ods.
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