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Abstract

Using a unique panel data set for German grocery prices we find significant price

synchronization within food retail chains as well as within individual food stores (between

products). Price synchronization between chains appears to be less pronounced. Common

shocks can only explain some synchronization, indicating that strategic motives as well as

menu costs are of significant importance. 
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1. Introduction

The question of whether price setting is staggered or synchronized is a key issue in explaining

aggregate price rigidity. If all firms change their prices simultaneously (synchronization), then

the aggregate price level will have adjusted fully to the new equilibrium and exogenous

nominal shocks will not have persistent real effects. If, on the other hand, price setting is

staggered, the effects of nominal shocks will be prolonged. In summarizing the empirical

literature, Taylor (1999) concludes: “Price setting is also staggered. These facts, which are

apparent in casual observation, are confirmed in studies of wages, retail prices, and industrial

prices.” (p.25) A recent study by Fisher and Konieczny (2000), however, calls this conclusion

into doubt. The authors find that price changes of daily newspapers owned by the same firm

are synchronized.1

In this paper we use a unique panel data set to test for different forms of

synchronization (or staggering) in German grocery stores. The present paper differs from

previous studies in a number of ways. First, we analyze high-frequency data (weekly data in

contrast to the monthly observations used in many studies) in an environment characterized

by low inflation rates. If the frequency of observations is too low (which is particularly likely

in high-inflation countries and where low-frequency data are used) staggering may be

obscured. Second, we investigate products in which quality changes over time are very

unlikely. Survey results (Blinder 1991) reinforce the view that quality adjustment is

important: survey participants often cite the ability to vary non-price attributes of a good as a

reason for price rigidity.2 The products under investigation here are exactly defined and the

study period is relatively short. Further, delivery lags or stockouts are unlikely. Third, we

investigate the pricing behavior of a number of different products (in contrast to many studies

which look at only one good). This allows us to investigate pricing behavior of multi-product

firms and to analyze the importance of within-store synchronization. Finally, using a fixed-

effects panel estimation approach gives some first indications as to whether common shocks

are the primary reason for price synchronization. 

                                                
1 On the basis of different empirical approaches, earlier studies also find mixed results. Investigating prices

from retailer catalogs, Kashyap (1995) finds that the synchronization of prices across goods is generally
low. On the basis of monthly observations for different products in Israel, Lach and Tsidden (1996) find
evidence for across-store staggering and within-store synchronization. Loy and Weiss (2002) observe
hardly any evidence for synchronization. The authors also present an overview on the theoretical and
empirical literature. 

2 Koelln and Rush (1993), for example, point to the fact that publishers may alter some aspects of their
product’s quality to adjust the “effective price” during periods of high inflation. They find that as inflation
erodes the real price of a magazine during the period of fixed nominal prices, the number of text pages (as
an indicator of quality) tends to decline.



2. Data

The data used for this study have been provided by the “Zentrale Markt- und

Preisberichtsstelle” (ZMP) in Bonn, Germany, which collects weekly prices for various food

items in German grocery stores. We selected a balanced panel of ten mostly unpacked (fresh)

food products for the year 2000 (52 weeks) for 108 grocery stores; the selection procedure is

outlined in detail in Loy and Weiss (2002). All 108 grocery stores are members of one of six

different retail chains. The number of stores within each chain ranges from six (chain F) to

twenty-five (chain C).3 The products under study are braised beef, liver sausage from calves

(packed), fresh pork steak, turkey breast steak without skin and bones, Golden Delicious

apples, different varieties of pears, standard-quality lemons, lettuce, carrots without greens,

and standard-quality onions. 

Price adjustment differs across products, stores, and chains. Table 1 reports descriptive

statistics for a dummy variable, ∆pijt, which is set equal to 1 if the price of product i in store j

has changed between time t and t-1 and is otherwise equal to zero.4 

Table 1: Descriptive Statistics on Price Adjustment ∆pijt
___________________________________________________________________________
Variable Chain A Chain B Chain C Chain D Chain E Chain F
___________________________________________________________________________

Mean of ∆pijt 0.236 0.501 0.466 0.407 0.513 0.457
Variance of ∆pijt 0.424 0.500 0.499 0.491 0.499 0.498
___________________________________________________________________________

3. Results

We use regression analysis to investigate the importance of different forms of synchronization

econometrically. For each product i (i = 1, …, I) in store j (j = 1, …, J), the unobserved (to the

econometrician) gains from changing prices at time t (t = 1, …, T) will be determined by

competitors’ pricing behavior (summarized in the matrix Xijt), such that

ijtjiijtp εαα +++=∆ βX'
ijt

* . Price changes will be observed ( 1=∆ ijtp ) if 0* >∆ ijtp  ( 0=∆ ijtp

otherwise). The probability of this event is [ ] ( )βX'
ijt++Φ==∆ jiijtp αα1Pr  where Φ is the

cumulative distribution function of the normal (logistic) distribution for the probit (logit)
 

                                                
3 The confidentiality agreement with the ZMP requires us to suppress the identity of the six chains.



Table 2: Results of Fixed-Effects Probit Models
___________________________________________________________________________

Variable Symbol Chain A Chain B Chain C Chain D Chain E Chain F
[1] [2] [3] [4] [5] [6] 

___________________________________________________________________________

Share of price SiAt 0.995 0.217 0.115 0.503 0.133 0.545
changes in A (7.42) (1.60) (0.99) (2.81) (1.09) (2.29)

Share of price SiBt 0.101 0.684 0.224 0.131 0.051 0.427
changes in B (0.84) (5.86) (2.19) (0.83) (0.48) (2.02)

Share of price SiCt 0.197 0.336 0.842 0.084 0.137 0.178
changes in C (1.52) (2.45) (7.27) (0.46) (1.13) (0.74)

Share of price SiDt 0.183 0.065 0.015 1.317 -0.012 0.006
changes in D (2.13) (0.77) (0.21) (12.16) (-0.16) (0.04)

Share of price SiEt 0.122 0.094 0.163 -0.001 2.090 0.346
changes in E (1.32) (1.01) (2.05) (-0.01) (24.76) (2.12)

Share of price SiFt 0.149 0.145 0.068 0.013 0.091 0.846
changes in F (2.06) (2.12) (1.17) (0.14) (1.49) (7.52)

Share of price Sjt 0.231 1.371 1.340 0.922 1.347 0.892
changes of other (2.37) (18.19) (20.42) (8.35) (19.84) (6.06)
products 

Fixed store effects yes yes yes yes yes yes
Fixed product effects yes yes yes yes yes yes
Fixed time effects no no no no no no
__________________________________________________________________________________

LLF(β) -5,868.1 -5,228.4 -7,162.6 -2,986.9 -6,534.8 -1,668.9
LLF(0) -5.937.2 -5,466.9 -7,471.5 -3,143.5 -7,170.1 -1,750.0
LRI 0.012 0.043 0.043 0.052 0.088 0.046
LRT(β=0) 138.2 477.0 617.8 313.2 1,270.6 163.2
LRT(αij=αj) 1,149.4 1,027.8 1,563.6 626.8 1,311.8 417.4
LRT(αij=α) 1,411.8 1,242.4 1,909.6 872.2 1,669.6 535.2
# of Obs. 12,480 9,360 13,000 5,720 12,480 3,120
___________________________________________________________________________
Remarks: LLF is the log likelihood function, LRI and LRT refer to the likelihood ratio index and the likelihood
ratio test, respectively. The share of price changes in h (with h = A, B, …, F) Siht is defined as:

h

J

j
ijthiht JpdS ∑

=

∆=
1

, where dh is a dummy variable set equal to 1 if store j is a member of chain h and is zero

otherwise and Jh is the number of stores belonging to chain h. The variable Sjt is defined as:

)1(1
1

−−∆= ∑
=

j

I

i
ijtjjt IpdS , where dj is a dummy variable set equal to 1 in store j and is zero otherwise and Ij is

the number of products sold in store j.

                                                                                                                                                        
4 Loy and Weiss (2002) provide a more detailed description and more statistics on the sample data used



model.5 The results of the fixed-effects models for each of the six chains of store are reported

in Table 2. 

The explanatory power of the econometric models reported in Table 2 is very similar for the

six different chains. Tests for the significance of fixed store-specific and product-specific

effects clearly reject the assumption of no product-effects and no-store effects.

Different forms of synchronization (or staggering) are evaluated. Following Fisher and

Konieczny (2000), synchronization within chains refers to a situation in which the odds of a

price change in store j for product i at time t increase with the proportion of other stores

within the same chain also changing prices for the same product at time t (Siht). Staggering

within chains, on the other hand, would imply no statistically significant interdependence in

pricing behavior between stores within the same chain. Table 2 clearly supports the

hypothesis of synchronization within chains. Parameter estimates reported in the diagonal of

Table 2 (shaded in gray) are positive and significantly different from zero in all six models.

The marginal effects on the probability of a price change associated with the coefficients in

Table 2 suggest that an exogenous 10-percentage-point increase in the share of all other stores

changing their price within chain A (SiAt) would raise the probability of adjusting an

individual’s store price within chain A by 2.88 percentage points.6 Within-chain

synchronization is strongest in chain E (with an increase in the probability of price adjustment

of 8.33 percentage points) and weakest in chain F (with an increase of 0.36 percentage

points).

In addition to synchronization within chains, Table 2 also reports some evidence for

synchronization between chains. Note that nearly all parameter estimates are positive, which

implies strategic complementarities in price adjustment between chains. Not all of the off-

diagonal parameters in Table 2 are significantly different from zero, though. The third

                                                                                                                                                        
here.

5 For a fixed t, the number of parameters to be estimated (αi, αj and β) increases with i and j and the
parameters cannot be consistently estimated (incidental parameter problem). Getting rid of αi and αj using
the “within transformation” as in the linear regression model is not possible with qualitative dependent
variables. The importance of this problem, however, diminishes for larger group sizes (t). In the present
context, a fairly large number of observations (52 weeks) is available. Hsiao (1986) reports the results of
Monte Carlo studies showing that maximum likelihood estimates for t=20 are virtually unbiased. For a
more detailed discussion see Baltagi (2002), chapter 11.1 and Greene (2003), chapter 21. Furthermore,
assuming that the incidental parameters αi and αj are independent of Xijt and are a random sampling from
a univariate distribution (random effects model) gives very similar results. Results of the fixed-effects
logit as well as random-effects probit model are reported in Tables A1 and A2 in the Appendix.

6 The marginal effects are reported in Table A3 in the Appendix.



parameter in column [2], for example, suggests that the probability of an individual store

within chain B adjusting its price is significantly influenced by the share of stores changing

prices in chain C. At the same time, Table 2 also suggests price adjustment in chain C to be

significantly influenced by pricing in stores within chain B. Similar (symmetric) effects can

be observed between chains A and D, A and F, and B and F. Pricing in chain E significantly

influences price adjustment in chains C and F, whereas there is no statistically significant

evidence for a reverse effect (asymmetric effect). No evidence of one particular chain acting

as a dominant market leader appears from these estimates.

The final row of parameters in Table 2 focuses on synchronization between products (or

synchronization within stores). In a dynamic (sS)-pricing model, Sheshinski and Weiss (1992)

argue that firms tend to synchronize when menu costs are fixed (independent of the number of

product prices to be changed) but stagger with variable menu costs.7 The results strongly

support the importance of fixed menu costs that are shared by all products within the same

store. For all six chains, the parameter estimates for sjt are positive and significantly different

from zero. The odds of store i adjusting its price for a specific product increase significantly

with the share of price changes in all other products within this store. Marginal effects

associated with the coefficients in Table 2 suggest that synchronization between products

(together with synchronization within chains) is the most important determinant of the

probability of a price change.8 A 10-percentage-point increase in the share of price changes of

all other products raises the probability of price adjustments for a specific product within the

same store by an amount between 0.67 percentage points (chain A) and 5.47 percentage points

(chain B).

Previous studies have not tried to distinguish between different causes of synchronization. In

addition to menu costs and strategic motives (Bhaskar 2002), synchronization is to be

expected when firms experience common shocks while idiosyncratic shocks lead to

staggering of prices (Parkin 1986). If common shocks are the only reason for price

synchronization, then parameter estimates no longer should be significantly different from

zero once fixed-time effects are introduced. Re-estimating models and including fixed-time

effects indicates that the significance of synchronization declines somewhat.9 In particular,

                                                
7 Decision costs are one example of variable menu costs, where the costs of changing prices are

proportional to the number of product prices to be considered. More recent theoretical models on pricing
in a multi-product environment include Kashyap (1995) and Bhaskar (2002).

8 These findings contradict those of earlier studies, including, admittedly, our own (Loy and Weiss 2002).
9 The parameter estimates are reported in Table A.4 in the Appendix.



stores within chain A no longer show a significant degree of synchronization between

products. Nevertheless, synchronization within chains, between chains, and between products

still remains significant in all other chains, which indicates that common shocks can only

explain some synchronization.

4. Conclusion

Estimation results from fixed-effect probit models give support to the notion of price

synchronization in German food retailing. More specifically, we observe strong

synchronization within chains as well as within stores. Price synchronization between chains

appears to be less pronounced. The basic results remain unchanged when  controlling for

fixed-time effects. We interpret this as an indication that common shocks can only explain

some synchronization and that strategic motives as well as menu costs are of significant

importance. 
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Appendix

Table A.1: Results of Fixed-Effects Logit Models
___________________________________________________________________________

Variable Symbol Chain A Chain B Chain C Chain D Chain E Chain F
[1] [2] [3] [4] [5] [6] 

___________________________________________________________________________

Share of price SiAt 1.675 0.358 0.205 0.840 0.229 0.936
changes in A (7.34) (1.57) (1.05) (2.79) (1.12) (2.32)

Share of price SiBt 0.173 1.155 0.388 0.233 0.112 0.734
changes in B (0.84) (5.92) (2.27) (0.88) (0.63) (2.06)

Share of price SiCt 0.335 0.564 1.407 0.127 0.205 0.276
changes in C (1.53) (2.46) (7.23) (0.42) (0.99) (0.68)

Share of price SiDt 0.332 0.113 0.040 2.257 -0.033 0.006
changes in D (2.28) (0.80) (0.33) (12.17) (-0.26) (0.02)

Share of price SiEt 0.200 0.149 0.261 -0.004 3.540 0.584
changes in E (1.28) (0.96) (1.96) (-0.02) (24.42) (2.11)

Share of price SiFt 0.247 0.236 0.098 0.023 0.159 1.424
changes in F (1.99) (2.07) (1.01) (0.15) (1.54) (7.45)

Share of price Sjt 0.372 2.307 2.235 1.554 2.299 1.526
changes of other (2.24) (18.21) (20.26) (8.37) (19.81) (6.11)
products 

fixed store effects yes yes yes yes yes yes
fixed product effects yes yes yes yes yes yes
fixed time effects no no no no no no
__________________________________________________________________________________

LLF(β) -5,868.9 -5,225.9 -7,163.0 -2,983.9 -6,529.5 -1,668.1
LLF(0) -5.937.2 -5,466.9 -7,471.5 -3,143.5 -7,170.1 -1,750.0
LRI 0.012 0.043 0.043 0.052 0.088 0.046
LRT(β=0) 136.6 482.0 617.0 319.2 1,281.2 163.8
# of Obs. 12,480 9,360 13,000 5,720 12,480 3,120
___________________________________________________________________________
Remarks: see Table 2.



Table A.2: Results of Random-Effects Probit Models 
___________________________________________________________________________

Variable Symbol Chain A Chain B Chain C Chain D Chain E Chain F
[1] [2] [3] [4] [5] [6] 

___________________________________________________________________________

Constant α -1.389 -1.593 -1.555 -1.708 -2.050 -1.815
(-23.66) (-16.15) (-19.93) (12.64) (-23.72) (-12.54)

Share of price SiAt 1.106 0.344 0.219 0.590 0.243 0.633
changes in A (9.57) (2.95) (2.11) (3.59) (2.04) (2.93)

Share of price SiBt 0.178 0.691 0.285 0.166 0.098 0.472
changes in B (1.47) (7.04) (2.87) (0.97) (1.12) (2.58)

Share of price SiCt 0.262 0.417 0.901 0.127 0.172 0.289
changes in C (2.18) (3.59) (10.05) (0.77) (1.48) (1.18)

Share of price SiDt 0.212 0.086 0.355 1.286 0.018 0.010
changes in D (2.87) (1.24) (0.51) (17.53) (0.28) (0.06)

Share of price SiEt 0.158 0.136 0.178 0.042 2.084 0.356
changes in E (1.92) (1.66) (2.51) (0.39) (41.03) (2.34)

Share of price SiFt 0.145 0.156 0.091 0.017 0.092 0.834
changes in F (2.16) (2.26) (1.48) (0.18) (1.57) (9.77)

Share of price Sjt 0.281 1.441 1.408 1.059 1.423 0.966
changes of other (3.10) (21.15) (28.84) (11.08) (28.66) (7.38)
products 

Rho 0.190 0.195 0.221 0.257 0.199 0.239
(9.34) (9.83) (11.33) (8.13) (12.07) (5.38)

__________________________________________________________________________________

LLF(β) -6,223.4 -5,507.1 -7,561.9 -3,169.6 -6,902.8 -1,766.7
LLF(0) -6,574.0 -5,849.5 -8,117.4 -3,423.0 -7,369.6 -1,936.5
R2McFadden 0.029 0.095 0.093 0.102 0.145 0.094
R2Veal/Zim. 0.058 0.201 0.195 0.211 0.288 0.197
Correct predictions 0.764 0.651 0.646 0.667 0.683 0.654
# of Obs. 12,480 9,360 13,000 5,720 12,480 3,120
___________________________________________________________________________
Remarks: see Table 2.



Table A.3: Marginal effects of Fixed-Effects Probit Models
___________________________________________________________________________

Variable Symbol Chain A Chain B Chain C Chain D Chain E Chain F
[1] [2] [3] [4] [5] [6] 

___________________________________________________________________________

Share of price SiAt 0.288 0.086 0.046 0.193 0.053 0.215
changes in A (6.35) (1.60) (0.99) (2.70) (1.09) (2.24) 

Share of price SiBt 0.029 0.273 0.088 0.501 0.020 0.168
changes in B (0.82) (5.86) (2.17) (0.82) (0.47) (1.97) 

Share of price SiCt 0.057 0.134 0.334 0.032 0.055 0.070
changes in C (1.47) (2.45) (7.06) (0.46) (1.13) (0.73) 

Share of price SiDt 0.053 0.026 0.006 0.504 -0.005 0.002
changes in D (2.07) (0.77) (0.21) (10.40) (-0.16) (0.04) 

Share of price SiEt 0.035 0.037 0.065 -0.001 0.833 0.136
changes in E (1.30) (1.01) (2.04) (-0.01) (25.28) (2.08) 

Share of price SiFt 0.043 0.058 0.271 0.005 0.036 0.333
changes in F (2.03) (2.12) (1.17) (0.14) (1.49) (7.25) 

Share of price Sjt 0.067 0.547 0.531 0.353 0.537 0.352
changes of other (2.27) (18.21) (18.93) (7.40) (20.28) (5.64) 
products 

fixed store effects yes yes yes yes yes yes
fixed product effects yes yes yes yes yes yes
fixed time effects no no no no no no
__________________________________________________________________________________

LLF(β) -5,868.1 -5,228.4 -7,162.6 -2,986.9 -6,534.8 -1,668.9
LLF(0) -5.937.2 -5,466.9 -7,471.5 -3,143.5 -7,170.1 -1,750.0
LRI 0.012 0.043 0.043 0.052 0.088 0.046
LRT(β=0) 138.2 477.0 617.8 313.2 1,270.6 163.2
LRT(αij=αj) 1,149.4 1,027.8 1,563.6 626.8 1,311.8 417.4
LRT(αij=α) 1,411.8 1,242.4 1,909.6 872.2 1,669.6 535.2
# of Obs. 12,480 9,360 13,000 5,720 12,480 3,120
___________________________________________________________________________
Remarks: see Table 2.



Table A.4: Results of Fixed-Effects Probit Models (with fixed time effects)
___________________________________________________________________________

Variable Symbol Chain A Chain B Chain C Chain D Chain E Chain F
[1] [2] [3] [4] [5] [6] 

___________________________________________________________________________

Share of price SiAt 0.734 0.299 0.072 0.489 0.135 0.733
changes in A (5.16) (2.06) (0.57) (2.54) (1.04) (2.84) 

Share of price SiBt 0.133 0.490 0.266 0.123 0.084 0.413
changes in B (1.02) (3.85) (2.38) (0.71) (0.73) (1.78) 

Share of price SiCt 0.176 0.397 0.683 0.086 0.189 0.397
changes in C (1.27) (2.67) (5.46) (0.44) (1.43) (1.51) 

Share of price SiDt 0.148 0.072 0.018 1.125 -0.004 0.022
changes in D (1.62) (0.78) (0.24) (9.57) (-0.05) (0.14) 

Share of price SiEt 0.188 0.113 0.156 -0.032 2.154 0.447
changes in E (1.88) (1.09) (1.77) (-0.24) (23.09) (2.44) 

Share of price SiFt 0.170 0.147 0.104 0.017 0.110 0.522
changes in F (2.18) (1.96) (1.62) (0.17) (1.64) (4.21) 

Share of price Sjt 0.097 1.299 1.291 0.708 1.395 0.352
changes of other (0.96) (16.63) (19.14) (5.81) (19.05) (2.02) 
products 

fixed store effects yes yes yes yes yes yes
fixed product effects yes yes yes yes yes yes
fixed time effects yes yes yes yes yes yes
__________________________________________________________________________________

LLF(β) -5,850.8 -5,220.1 -7,156.2 -2,977.6 -6,532.0 -1,648.1
LLF(0) 5,878.8 -5,381.4 -7,364.5 -3,043.9 -6,971.6 -1,676.9
LRI 0.004 0.031 0.029 0.022 0.067 0.017
LRT 56.0 322.6 416.6 132.6 879.2 57.6
# of Obs. 12,480 9,360 13,000 5,720 12,480 3,120
___________________________________________________________________________
Remarks: see Table 2.


