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Abstract
The Pricing Behaviour Of Firms In Foreign And Domestic Markets :
Empirical Evidence From Business Survey Data
Sakuntala Chowdhury, Ph.D.

(‘oncordia University, 1995

In recent vears. movements in the prices of traded goods have been dominated by
movements in nominal exchange-rates in most industrialized countries. The fact that
changes in nominal exchange-rates do not appear to be immediately “passed-through”™
to prices has important implications for macroeconomic policy, as real exchange-rates
are a primary channel through which international differences in economic policy
and business conditions are transmitted to domestic economies. One explanation for
the failure of import prices to fully reflect changes in nominal exchange-rates is that
markets are not perfectly competitive; price setting firms adjust foreign and domestic
prices in response to changes in the exchange rate as well as other conditions that
may differ substantially between foreign and domestic markets. In this instance, irms
are said to “price-to-market”(PTM) when foreign and domestic prices are different
when expressed in a common currency, even though foreign and domestic goods are
produced at equivalent cost.

This thesis argues that current empirical studies examining exchange rate

passthrough and PTM have several weaknesses, and addresses these weaknesses through




the use of a unique dataset containing firm-specific responses to business surveys in
the UK. and Switzerland. These surveys coitain specific questions concerning re-
alized and anticipated pricing decisions in foreign and domestic markets. While the
U.K. and Swiss business survey data are potentially quite informative abont PTM
behaviour, they also are extremely challenging econometrically, as most survey re

sponses are ordered and categorical. The thesis employs a lincar latent variable
econometric approach that treats the categorical survey responses as heing generated
by continuous latent structural variables as they cross certain thresholds. Parameters
in linear relationships amongst the latent variables can theoretically be estimated by
maximum-likelihood, using theory for the estimation of polychoric correlation coefli

cients. Unfortunately. standard maximum-likelihood procedures are computationally
infeasible in situations with more than three latent variables, due to problems as

sociated with the computation of multivariate normal orthant probabilities. This
thesis emplovs recently developed simulation procedures to compute the maxinmm

likelihood estimates. The thesis also extends the standard latent variable framework
to include time varying effects that are common across firms, and applies the method

ology to investigate the effects of exchange rate changes on foreign and domestic price
changes.

Emprrically, there is strong evidence of PTM behaviour for Swiss manufac
turing firms. and less evidence for British firms when considering realized foreign and
domestic price changes. Alternatively, data concerning foreign and domestis price
plans indicate PTM behaviour for British firms, with less support for Swiss firms.

Finally, unanticipated changes in exchange rates with pre-set prices does not appear




to he an important determinant of observed passthrough.
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Chapter 1

Introduction

In recent years. movements in the prices of traded goods have been dom
inated by movements in nominal exchange-rates in most industrialized conntuies.
The fact that changes in nominal exchange-rates do not appear to he immediately
"passed-through™ to prices has important implications for macrocconomic poliey, as
real exchange-rates are a primary channel through which international diflerences
in economic policy and business conditions are transmitied 1o domestic economies.
One explanation for the failure of import prices to fully refleet chanpes in nominal
exchange-rates is that markets are not perfectly competitive: price setting firms ad
just foreign and domestic prices in response to changes in the exchange rate as well as
other conditions that may differ substantially hetween foreign and domestic markets.
In this instance. firms are said to “price-to-market”(PTM) when foreign and domestic
prices are different when expressed in a common currency, even though foreign and
domestic goods are produced at equivalent cost.

The relationship between local currency import prices and the exchange

rate is often referred to as the “passthrough” relationship in international cconotnics,




If thete is a proportional relationship between exchange-rates and import prices.
passthrough is said to be complete. Recent empirical evidence (Giovannini (1988).
Marston (1990), Delgado (1991), Kasa (1992). Hooper and Mann (1989), Dixit(1989).
and Knetter (1992)) suggests that exchange-rate passthrough is incomplete for most
industrialized countries, due largely to PTM behaviour. In some instance, passthrough
may even be “perverse”. i.c. foreign currency export prices may actually increase
in response to a home currency depreciation (Froot and Klemperer (1989)). From a
theoretical perspective., the existence of incomplete or perverse passthrough casts sub-
Jtantial doubt on the application of the perfectly competitive paradigm to problems
in international macroeconomics. As much recent empirical research in international
macto has taken place within the framework of competitive real business cycle models
(See Backus. Kehoe and Kydland (1992). and the related references for example). in-
complete passthrough represents an important dimension in which these models fail.
PTAL behavionr may also be reflected in the persistence of trade deficits. even in the
face of extreme depreciations. and this is obviously extremely important from a prac-
tical poliey-oriented perspective. As a result, describing and explaining the empirical
dimensions of observed pass-through has been the focus of considerable theoretical
and empirical attention from economists in the last decade.

This thesis argues that current empirical studies examining exchange rate
passthrough and PTM have several weaknesses. In particular, most previous empiri-
cal studies have nsed time series data, possibly disaggregated to an industry level, to
investigate reduced form relationships between foreign and domestic prices, and ex-
change rates.! (‘ross-sectional aggregation of firm-level data may obscure important
relationships that are visible at the micro-level. Firm-specific data can potentially

allow for a much more detailed examination of the factors affecting pricing decisions

1One recent exception is Schembri (1989).




in foreign and domestic markets.

Several studies have also attempted to distinguish between passthrongh that
arises from the planned behaviour of firms in response to movements in the exchange
rate. and unplanned passthrough that occurs with pre-set prices and unanticipated
exchange rate changes. Of course, in the absence of direct survey evidence concerning
pricing plans in foreign and domestic markets and exchange rate expectations, any
attempt to distinguish between these two types of passthrough must inevitably he
based on a joint hypothesis concerning firm behaviour and the nature of expectation
formation. For example, Marston (1990) attempts to distinguish between planned and
unplanned passthrough by investigating a variety of price-setting lags and assuming,
that exchange rates follow a martingale. Giovannini (1988) attempted a similar anal
vsis. where the exchange rate was one of several exogenous variables with a VAR
representation. While these assumptions make the analyses tractable applications of
these assumptions in situations with panel data would require that expectations are
homogencous across firms. and this seems implansible.

This thesis addresses these weaknesses through the use of a unigne dataset
containing firm-specific responses to business surveys in the UK. and Switzerland.
These survevs contain specific questions concerning, realized and anticgpated pricing,
decisions in foreign and domestic markets. This thesis investigates whether observed
passthrough appears to be the result of planned PTM behaviour, pre-set prices and
unanticipated movements in the exchange rate, or some combination of the two. using,
direct survey evidence concerning foreign and d.mestic price plans and realizations.

While the U.Kk. and Swiss business survey data are potentially quite infor

mative about PTM behaviour. they also are extremely challenging, econometrically.

2Froot and Frankel (1989) examined survey evidence concerning the exchange rate expectiations
of informed financial market participants. and found substantial cross-sectional heterogenety




An interesting feature of majority of the survey questions is that they require cate-
gorical 1esponses: i.c., firms respond “increase”, “remain the same” or “decrease”. in
comparison with the previous month or quarter, to uestions concerning a particular
variable of interest. As a result, standard cross-section techniques for the analysis of
continnous panel data are inappropriate. This dissertation provides a brief descrip-
tion of the techniques that have been used to analyze categorical survey data. and
presents a general latent variable modelling approach that has great intuitive appeal
and is more amenable to structural interpretation than standard statistical techniques
for multivariate discrete data such as conditional log-linear probability models.

The latent variable approach treats the categorical survey respon ses as being
generated by contimious latent structural variables as they cross certain thresholds.
Parameters in linear relationships amongst the latent variables can theoretically he
estimated by maximum-likelihood. using theory for the estimation of polychoric cor-
relation coefficients.  Unfortunately, standard maximum-likelihood procedures are
computationally infeasible in situations with more than three latent variables. due to
problems associated with the computation of multivariate normal orthant probabili-
tics. This thesis employs recently developed simulation procedures (Geweke (1989).
Hajivasillion and McFadden (1990). Borsch-Supan and Hajivasilliou (1991)) to com-
pute the maximum-likelihood estimates.

Finally, the general latent variable framework presented in Nerlove, Ross. and
Willson (1993) and Chowdhury and Willson (1994) is appropriate for situations with
continuons and discrete survey data. but does not include time varying effects that are
constant across firms. As a result, it is not immediately possible to include exchange
rates in a useful way within that framework. This thesis extends the standard latent
variable framework to include time varying effects that are common across firms, and

applies the methodology to investigate the effects of exchange rate changes on foreign




and domestic price changes.

The thesis will proceed as follows: Chapter 2 provides a briel survey of the
existing literature concerning pricing-to-market, and motivates the theoretical and
empirical work presented in subsequent chapters. Chaptet 3 deseribes the survey
data and presents a preliminary descriptive data analysis. Chapter | presents the
general latent variable econometric approach, provides a brief overview of sinula
tion estimation. and extends the approach to allow for time varying fixed effects
that are constant across firms. Chapter 5 develops and estimates a P'I'M model
that is a modest extension of Marston (1990). Chapter 6 attempts to distinguish
between “planned” and “unplanned™ passthrongh using the firm-specific survey data
on planned and unplanned foreign and domestic price changes. Chapter 7 concludes

and suggests avenues for future research.




Chapter 2

Literature Survey

One of the cornerstones of traditional international economic modelling is
the notion of the *Law-cf-One-Price”™, where two goods are sold at the same price in
different countries (when expressed in a common rurrency ) if they are produced at the
same cost. Numerous empirical studies have documented that there are deviations
from this “law”™ which cannot be explained solely by transportation costs or taxes.
Morcover. these price differentials seem to persist for long periods of time and to
maintain a close velationship with the country’s rate of exchange in the international
market (Kasa (1992)).  An obvious explanation for these empirical regularities is
that price-setting firms charge different prices in foreign and domestic markets (when
expressed ina common currency). This chapter briefly ssinmarizes current theoretical
and empirical explanations for this “pricing-to-market” behaviour, and argues that
there are several weaknesses in empirical applications of these models.

Although the carly literature examined PTM either from a demand-side per-
spective or a supply-side perspective, it is certainly the case that both perspectives

could operate simultaneously. and more recent research has included both elements.




The discussion presented helow will deal with demand and supply-side motivations
for PTM separately (in sections 2.1 and 2.2 respectively). although the theoretical
model presented in Chapter 5 will include both. In addition, it should be pointed
out that the literature review will focus on general theoretical issues and empirical
results; many of the theoretical models are consistent with a wide variety of demand
and technology specifications. and empirical work is often based on simple est tmation
of lincar reduced-forms. Section 2.3 highlights some of the weaknesses in current
approaches that will be used to motivate the choice of data and the theoretical and

empirical work presented in this thesis.

2.1 Demand-Side Explanations For PTM

Perhaps tle simplest explanation for PTM is that firms face different demand
curves in foreign and domestic markets. In the absence of differences in costs for
output designated for foreign and domestic markets, firms will charge different prices
i1 different markets if demand elasticities are different. For foreign demand curves
that are less convex than a constant-elasticity curve, a fall in local currency prices
increases the markup of prices over marginal costs and a rise in prices reduces it As a
result. a depreciation leads to an increase in the fereign markup and the stabilizalion
of local currency foreign prices, relative to a constant markup policy. Passthrough is
“less-than-complete” in this case.

Knetter (1989), Marston (1990), and Schembri (1989) have examined models
that focus primarily on the price-discrimination mechanism for PTM. Knetter (19589)
examined export price behaviour for a panel of selected German export industries.
His econometric specification distinguished hetween country-specific changes in ex

port prices and changes resulting from common unobserved changes in marginal costs,




oo

Overall, the empirical results indicated significant differences in country-specific ef-
fects of exchange rates on export prices, which can be interpreted as evidence of
price diserimination.  Similarly, Marston (1990) examined monthly time series data
for 17 Japanese industries, and found significantly different PTM elasticities across
industries.

Unfortunately, the empirical work in Knetter (1989) and Marston (1990)
was ossentially reduced-form in nature, and structural interpretation of their results
s therofore diffienlt. Schembri (1989) made explicit assumptions concerning cost and
profit functions that allow for a structural interpretation of the impact of exchange
rate changes on export prices. Unfortunately. the size and complexity of his model
made the precise estimation of some parameters difficult. However, using panel data
from firms in a Canadian export industry. he does find statistically significant differ-
ences in markups between U.S. and C'anadian firms, indicating that firms could price
diseriminate between markets.

Overall. these three studies provide broad support for price discrimination
as a driving force for PTM. However, as pointed out by Krugman (1987) and Kasa
(1992). this explanation is not entirely satisfactory. For example. although Knetter's
exchange-rate effects are statistically different across industries. it is not clear that
the differences are economically significant and can be attributed directly to demand
effects. In general, these difficulties can be attributed to the reduced-form nature of
their empirical specifications. Moreover, there are a variety of alternative plausible
theoretical explanations that could also result in PTM, and that are consistent with
their results.

One problem with these models is the absence of demand-side dynamics. De-
mand dynamics may be extremely important in situations where it is costly to change

prices in response to exchange rate changes. In particular, if price changes are costly
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and prices are pre-set over several time periods. current pass-through may simply
be the result of fixed prices and unanticipated changes in the exchauge rate. More
over. the ex-ante pricing behaviour of firms will depend substantially on whether the
exchange rate changes are perceived as permanent or transitory. Along these lines.
Froot and Klemperer (1989) develop a theoretical model in which current demand de
pends on the previous period’s market share, which in turn are determined by relative
prices. In their model, when the price of foreign currency is perceived as femporar-
ily high. exporting firms will not invest in foreign market share hy reducing foreign
currency prices: instead. firms will raise current profit margins and export-prices will
respond less-than-proportionately to the exchange-rate changes. Moreover, it is even
the case that passthrough may be pereerse in some instances, i.c. foreign curreney
export prices may actually increase in response to a temporary home currency de
preciation. Empirically. the authors provide some tentative evidence supporting the
existence of perverse passthrough. using time-series data on export prices for the U5,
several European countries. and Japan. and several models for expected changes in
the exchange rate,

One common theme that underlies much of this demand side rescarch and
that is also important in the supply-side explanations for PTM discussed in the next
section is the difference between planned and unplanned passthrough. Not surpris
ingly. several authors have actually attempted to distinguish between the two, al-
though these attempts have necessarily required some strong assumptions about the
nature of exchange rate expectations. Marston (1990) allowed for the presence of
price setting lags and assumed that the exchange rates followed a martingale process,
1n this instance. the expected value of next period’s exchange rate is simply the value
of the exchange rate today. Giovannini (1988) also attempted to distinguish between

ox ante price discrimination and long-run price setting behaviour, using timeseries
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data for a sclection of Japanese industries that produce homogeneous goods.! His
model for the exchange rate was somewhat more general (i.c. he assumed a vector
antoregression for the exogenous variables in his model). For the patterns of price
setting hehaviour examined, both authors found evidence of planned price discrimina-
tion. In their attempt to distinguish between the effects of permanent and transitory
changes in the exchange rate. Froot and Klemperer (1989) considered several different
models for exchange rate expectations, including the forward discount and the mean
expected depreciation from survey data examined in Frankel and Froot (1987).

It should be emphasized that distinguishing between PTM behaviour based
on ox ante price discrimination or exchange rate surprises and fixed long-term prices.
or hased on perceptions concerning the permanence of exchange rate changes is dif-
ficult. In these situations. successful empirical work typically requires a structural
model of firm behaviour and an assumption about how exchange rate expectations
are formed.  Both Giovannini (1988) and Marston (1990) chose fairly simple ex-
change rate stochastic processes and then assumed that expectations were formed
rationallv. Within the time series context of their empirical work. these simplifving
assumptions made their analyses tractable, although it is not clear how reasonable
this approach would be for analyzing the pricing bebaviour of firms with cross sec-
tion data. In particular, a blind application of these techniques in a cross-section
context would imply that expectations are homogeneous across firms, which seems
highly improbable.? Moreover, these formulations also preclude a distinction between
permanent and transitory exchange rate changes. In these situations, survey data on

pricing plans and exchange rate expectations are invaluable for distinguishing between

'In particular, Giovannini (1988) considered the ball bearings, screws, and nuts and bolts
mdustries,

ZPrankel and Froot (1987) examined survey expectations for informed foreign exchange market
participants and found substantial cross-sectional heterogeneity.
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alternative hyvpotheses. Although Froot and Klemperer (1989) do include survey ev
idence on exchange rate expectations in their empirical work, one wonders whether
their aggregate regression equations provide much evidence concerning the pricing be-

haviour of firms, as their evidence is consistent with several competing, explanations.

2.2 Supply-Side Explanations For PTM

Another simple explanation for PTM behaviour is that some costs of produe
tion or selling in foreign markets may actually he denominated in foreign curreney.
Along these lines, Baldwin (1986.1988) and Dixit (1987,1989) have emphasized the
role of non-recoverable fixed costs of entry and exit to foreign markets as a cause for
PTM. In these models. even temporary chauges in the exchange rate, if large enough,
can cause permanent changes in the number of firms competing in foreign markets,
including permanent changes in import shares and passthrough. This might result in
hvsteresis. The observation that prices are not reversed instantancously, or eventu
ally. even though the original cause of price-change is no longer present is known as
“hysteresis™.

An alternative supply-side rationale for PTM was developed by Kasa (1992)
in the form of convex. destination-specific adjustment costs. In his model, a change
in the adjustment cost induces a change in the marginal cost of supplying the foreign
market and leads to PTM behaviour. Using time-series data on U.S. and Cana
dian imports of seven German commodities, Kasa failed to find evidence against the
structural restrictions implied by his model. and impulse response functions indicated
differences in the response of U.S. and Canadian import prices to changes in the value
of the Deutschmark. Krugman (1986) has also pointed out that if a rapid expansion

of foreign sales is costly, foreign firms may not change foreign currency prices in the




face of foreign currency appreciation.

One aspect of the supply-side explanations that severely impacts on their
cmpirical implementation is that the presence of costs which are partly or fully fixed
in nature and are associated with foreign sales may lead the firm to set prices for more
than one period at a time. Exchange-rate surprises can then result in inadvertent
deviations from the law-of-one-price.  Once again, determining the plausibility of
these two different supply-side PTM models using aggregate time-series data requires
joint assumptions concerning the model of firm behaviour and the nature of exchange

rate expectations.

2.3 Summary

There are three common themes from the previous theoretical and empirical
rescarch on P'I'M summarized here that we view as important for providing guid-
ance on future rescarch. First. both demand and supply-side sources appear to he
important determinants of pricing-to-market behaviour. As a result, theoretical speci-
fications should incorporate both supply and demand-side effects, and one important
goal of empirical research should be to determine which is more important. The
theoretical model developed in Chapter 5 will allow for both effects, although the
emipirical specification will be reduced-form in nature. As discussed in Chapter 4. the
complexities of dynamic panel data modelling with categorical business survey data
make even reduced form econometric modelling extremely challenging.

Second, determining between competing supply- and demand-side tationales
for PTM is. to some extent, linked with distinguishing between ex-ante price discrim-
ination (planned PTM} and long-term price setting behaviour coupled with unantic-

ipated movements in the exchange rate. From a traditional time-series econometrics

gy,
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perspective. inferences regarding the importance of unplanned and planned "IN are
inherently joint hypotheses concerning the model of tirm behaviour and the nature of
expectations formation. One benefit that results from the use of divect survey daa
is that it is possible to make inferences regarding foreign and domestic pricing plans
without specifving a completestructural model. Unfortunately, although the business
survey data emploved in this thesis contain responses (o questions concerning, foreigh
and domestic price plans, they do not contain data on exchange rate expectations
directly.  As a result. it is not possible to base all PTM tests on the survey data
without making assumptions on exchange rate expectations, and it therefore impor-
tant to investigate alternative hy potheses concerning the formation of exchange rate
expeetations and their impact on conclusions regarding P'FM.

Finally. most empirical work that has examined PTM has employed time
series data. possibly disaggregated toan industry level to make inferenees concerning,
the behaviour of firms. From a statistical perspective, the use of aggregate data may
obscure important relationships that exist at the miero level. From a maodelling,
perspective. the use of firme-specific categorical business survey data can potentially

provide important new insights into PTM behaviour,
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Chapter 3

Data and Preliminary Empirical

Work

This chapter provides a brief description of the survey data and presents
results from a preliminary data analysis employving cross-sectional aggregation pro-
cedures that were originally developed by Theil (1952) and that have been the most
prevalent form of statistical analysis employed in the analysis of business surveys.!
We also introduce the latent variable procedure that will be applied in the empirical
analysis in Chapters 5 and 6. although we defer a detailed discussion of economet-
ric issues until Chapter 4. Chapter 4 also highlights some of the advantages of the
latent variable techinique, relative to the cross-sectional aggregation procedures. We
wonld like to emphasize that the empirical results presented in this chapter should be
considered as primarily descriptive, even though several authors have emploved the

cross-section aggregation procedures to estimate structural econometric models.

"Pesaran (1987) provides an extensive bibliography of applications involving this technique




3.1 Data

This research uses categorical survey data from business in the UK. and
Switzerland. The sources for the data. the frequency of cach survey, and the time

periods under consideration. are contained in Table 3.1.

Table 3.1: Business Survevs - Working Databases

Survey Organization Country Dates Sample Frequeney

(‘enter For Rescarch | Switzerland | 19T8-1987 Monthly +

On Economic Activity Quarterly
C.B.L LK. 1982- 1987 Quarterly

The Swiss Business Survey organized by the Center For Research On Foo-
nomic Activity contains microlevel survey response data for a wide cross-section of
Swiss manufacturing industries.? Firms are asked questions at monthly or quarterly
intervals concerning details on their economie status and expectations of future eco
nomic variables. Their responses are primarily ordered and categorical; that is they
respond “increase”, “decrease”, or “remain the same” in comparison with the previ
ous month or quarter. For this research. we will focus on firms’ responses to questions
regarding changes in raw material prices (AF}"). domestic prices (A1), and foreign
prices (AP{). as well as expectations for future changes of the same variables (i.c..
AP, APl AP/ ) on a quarterly basis. For the Swiss survey, we will focus on years
from 1982-1987 in which respondents were asked to seasonally adjust their responses.

Prior to this time period, respondents were not required to seasonally adiust then
Yy adj

“Industry coverage is intended to be representative of Swiss imanufactuning and meludes electrioal
and electronics machines, metals. non-metallic mineral products, chemicals, watches, wond anid
furniture. man-made fibre products and rubber, clothes and shoes, textiles, papers, heverages, anid
tobacco and tobacco products,
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responses. Nerlove, Ross, and Willson (1993) and Ghysels and Nerlove (1988) have
examined scasonality in qualitative business survey data, and have compared self-
scasonal adjustment procedures with statistical seasonal adjustment. In general, the
choice between self-seasonal adjustment and statistical seasonal adjustment is not
clear theoretically.  Self-seasonal adjustment theoretically captures individual and
aggregate seasonality when it is deterministic (i.¢ it can be represented by seasonal
dummy variables) but will introduce non-sampling errors into the analysis if seasonal-
ity is stochastic, Statistical seasonal adjustment captures aggregate seasonality only.
but does not introduce errors if the model for seasonality is well-specified. As the
UK. data are confined to the period 1982-1987, we will consider this time period for
the Swiss survey as well.

The UK. survey is conducted by the Confederation Of British Industries
(CBI) and provides information concerning manufacturing firms in the UK. on a
quarterly basis. At present. we have data for approximately 5 consecutive years for
a wide cross-section of British manufacturing industries. We will consider answers to
questions concerning changes in average unit costs (AC,), domestic prices (AP?). and
forcign prices (AP{). as well as expectation of future changes {or the same variables.
For the UK. survey, questions are asked on a quarterly basis but responses are mea-
sured as changes over a four month period. As a result, there is a one month overlap
between successive survey responses that substantially complicates the derivation of
appropriate modelling procedures, at least theoretically. For the descriptive analysis
presented below, we will ignore this issue, although Chapter 4 discusses this issue in
detail. Previous researchers employing the C.B.I. data have ignored this problem as
well?

It is important to note that the questions concerning cost components for

3Sce Pesaran (1987), and McIntosh, Sciantarelli and Low (1989), for example.
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each of the surveys are different. i.e. the Swiss survey contaius information on raw
materials prices and the UK. contains information on average costs. As a resalt,
the development of the theoretical models in Chapter 5 will differ slightly, in order
to accommodate the differences in data. For Switzerland, P is treated as a cost
of production and some additional costs are modelled as separate components of the
total cost functions. For the U.K., we cannot distinguish production costs from other
costs incurred by the firms. As a result, we multiply (', by the total quantity sold in
the two markets (i.c.. D/ + DY) to get total costs for cach firm.

Another interesting difference between the two surveys is the curreney de-
nomination for foreign price changes and expected price changes.  For the Swiss
survey. firms are explicitly requested to convert foreign currency into Swiss franes for
the purposes of the questionnaire. For the U.K. survey, the currency of denomination
for responses concerning foreign prices is not clearly requested, and this introduces
the potential for a (possibly substantial) measurement error into the analysis. Below
we will proceed under the assumiption that foreign prices are converted to domes-
tic currency. as this will make the empirical specification consistent with the Swiss
survey, although we recognize that this is certainly ddbatable.

One additional feature of both business surveys is that the “foreign market”
variables are not destination-specific. As a result, the appropriate exchange rate to
consider is trade-weighted. Nominal trade weighted exchange-rate data for this study
were obtained from The International Financial Statistics and are measured with re-

spect to SDR (special drawing rights) with 1973 as the base-year® For this research.

4These data were supplied by Sylvie Leclerc from Reuters Canada. SDR are unconditional reserve
assets that are created by the International Monetary Fund (IMF) to supplement existing reserve
assets. They are allocated to Fund members (i.e., the participants in the SDR departtnent)
proportion to their quotas. It should be pointed out that the SDR is the unit of account for the IMF
and that the Fund changed its definition several times. Until June 1974, 1 SDR was equivalent 10
1.20635 U.S. dollar. Since July 1974, the value of SDR has beea determined daily by the IMF on the
basis of a basket of currencies with each assigned a weight in the determination of the value. Spee
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quarterly nominal exchange-rate data for the UK. and Switzerland have been used,

with the nominal rate defined as domcstic currency vis-a-vis foreign currency.

3.2 Empirical Methodology

As responses to business surveys are primarily ordered and categorical. re-
scarchers have generally employed two different procedures to handle the data. The
first technigne transforms the qualitative responses into aggregate quantitative vari-
ables, and then applies standard time series techniques to the aggregate data; a
comprehensive discussion of this approach is contained in Pesaran (1987. ('h. 8).
The second general approach employs the qualitative data directly; econometric tech-
niques that are appropriate for analyzing the joint behaviour of micro-level expecta-
tions and realizations in busiuess-surveys include log linear probability models (See
Nerlove(1983). Koenig. Nerlove and Oudiz (1981)). classical maximum-likelihood pro-
cedures for testing inequality constraints on probabilities in contingency tables (See
Gourieronx and Pradel (1986)). and maximum likelihood techniques in linear latent
variable models where the survey responses are treated as being triggered by con-
tinunous latent variables as they move across certain thresholds {See Nerlove, Ross.
and Willson (1993). and Chowdhury and Willson (1994)). We will briefly introduce
the aggregation and latent variable procedures here, and defer a discussion of more

sttbstantial econometric issues to C‘hapter 4.

January 1, 1981, the “SDR valuation basket™ consists of 5 currencies: the U.S. dollar, Deutsche
mark, French franc, Japanese yen, and pound sterling. The currencies and their weights broadly
reflect the relative miportance of them in international trade and finance.
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3.2.1 Aggregation Techniques

In order to aggregate the cross-sectional responses at a point in time, we
must place some additional restrictions on the data generating process. For categor-

ical responses 2., 1=1 ... N, j=1... M. t=1 ... T these assumptions arc:

Assumption 1:
(i) At time t. the categorical responses z,,, are triggered by a set of M latent variables.

=% as they move across thresholds ay,. ay, j=1... M. i.c:

l. :Jf<”l.l
S =94 20 a4y, L35, <y

3. ay, <2

(H) Z; ~ N(/l[..\_:g)

(i) -ay,= ay,=c,

Assumption 1(i) requires that thresholds be time invariant and identical across firms.
Multivariate normality for the underlying latent variables is assumed in I(ii): this
is not generally required (other distributions can be employed) but normality is re
tained to make the results comparable with those obtained from the other empirical
work. Assumption 1(iii) requires that the thresholds he symmetric; this will allow
one 1o identify (up to a time invariant scale factor) ji; and 0?. While these as-
sumptions appear to be quite strong. the results from empirical work employing the
time-series aggregates aeppear to be insensitive to the distributional assumptions (Pe-

saran. (1987)).°

50f course. this does not necessarily imply that the aggregation procedures are theoretically
B I 3
or empirically appropriate; rather, it appears that different aggregation procedures produce sinnlar
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Under these assumptions, the qualitative survey responses can be used to
construct aggregate quantitavive measures of the mean and variance of the under]y-
ing latent variables in the following manner. Defining my;, ;. and 73, as the true
marginal probabilities of observing responses “1”7, “2”, and “3” respectively, it follows

that these probabilities satisfy

ZO It g () (3:2.1)
O’Jo
and
€ Iyt d)-l(] — 7)) (3.2.2)
Ot

where @(.) is the cumulative distribution function for a standard normal random
variable. To estimate g, and a,,. replace the theoretical probabilities with the em-

pirical frequencies and rearrange to vield

B (i) 4 @71 (1 — Mt
,l"!:('J[(I)-%(’_:lljJ'_')_q)—l( _1:_‘?‘1)], (3.2.3)
and
S 2c, (3.2.4)
J'_(b—](l—%)_(b-](%). [ FKAN

For traditional econometric applications where aggregated responses are em-
ploved in a lincar regression framework, an estimate of the scaling parameter ¢, is
crucial. For the purpose of this research. the cross-sectional aggregates will only be
employed as a tool for descriptive data analysis, and it should be realized that with-

out additional information, it is not possible to identify the scale of the aggregated

rosults. There are a wide variety of situations where the aggregation procedures produce resulis that
are ntuitively implausible or unacceptable; see Horvath, Nerlove. and Willson (1993), for example




responses,

3.2.2 Latent Variable Techniques

This technique involves partitioning the categorical responses {z,, )= {u,r,,.}.
If {y7.r;} have a multivariate normal distribution, estimates of linear structural rela
tionships among the latent variables could hypothetically be obtained from estimates

of the population regression coeflicients. i.¢.:

E(y;le?) = pye + Bla} — pze). B= Yol (3.2.5)

This technique is advantageous because it employs the micro-data directly, and he
cause it shares an intuitive similarity with standard cross-sectional regression proce-
dures that are familiar to users of time series data, a property that is not shared by
other techniques that are appropriate for micro-data such as conditional log-linear
probability models.  We will discuss this econometric technique in more detail in

Chapter 1.

3.3 Preliminary Empirical Work

As a precursor to more involved modelling, we examined the marginal tables
for foreign and domestic price changes, changes in raw materials prices (Swiss survey),
and changes in average costs (11K, survey) in order to compare their properties with
several well-known properties of other business surveys discussed in Nerlove (1983) for
example. A prominent characteristic of expectations and plaus, relative to realizations

for the same survey variable. is that the marginal tables for the expectations are
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concentrated in the *no change” category, relative to the realizations. While this
property is exhibited by production and demand (or orders) variables for both surveys
(see Nerlove, Ross, and Willson (1993) and Horvath, Nerlove, and Willson (1993)), it
does not appear to be true for foreign or domestic prices. In fact, approximately 70%
of firms respond “no change™ to questions concerning expectations and realizations
for hoth foreign and domestic prices, and this number is much higher than the other
survey variables. As argued in Horvath, Nerlove, and Willson (1993), this can be
viewed as indicative of price setting behaviour in the presence of price adjustment
costs. and provides some empirical motivation for the theoretical models discussed in

Chapter 5.

3.3.1 Empirical Results Using Aggregation Technique

This section presents some graphical results for the Swiss and the U.K. busi-
ness survevs using the cross-sectional aggregation procedure. For the purposes of
drawing the graphs. we have assumed that ¢,=1 for all variables. As mentioned pre-
viously. it is not possible to separately identify the variance and the thresholds from a
single aggregated time series. As a result, one must be careful about drawing conclu-
sions regarding the relative variability of the time series, and we will focus on sample
correlations between the various aggregates and the appropriate nominal exchange
rale.,

Figures 1 and 2 present the relationship between the standardized percent-
age change in the exchange rate and foreign price aggregates for Switzerland and
the ULK.. respectively. The corresponding correlation estimates are 0.035 and 0.687
respectively, indicating that the U.K. foreign price aggregate is much more highly

correlated with the trade-weighted exchange rate. However, before we attempt to
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draw structural conclusions from these simple correlations. it should he emphasized
that the theoretical model developed in Chapter 5 actually allows for a wide range of
correlations.

The relationships between domestic prices and exchange rates are graphed in
Figures 3 and 4 for Switzerland and the U.K. respectively. The associated correlations
are are 0.116 and 0.599. In general, one would expect the domestic prices to be
less correlated with exchange rates than foreign currency prices; however, if survey
responses to questions concerning foreign prices are converted into domestic currency,
similar correlations with the nominal exchange rate would imply that there is a high
degree of passthrough. Although the magnitudes of the foreign and domestic price
correlations with the exchange rate are similar within countries, there appear to be
extreme differences across countries that might suggest substantially different PP 1I'M
hehaviour. Figures 5 and 6 depict the relationship between aggregates construeted
from survey responses to questions concerning raw materials prices (Switzerland) and
average costs (U.I.). and changes in the nominal exchange rate. The associated
correlation estimates are -0.658 and 0.422 respectively.

It is important to emphasize that the analysis of simple nnconditional cor-
relations can only really provide descriptive information concerning the foreign and
domestic prices, costs, and the nominal exchange rate: one shouid not jump to conelu
sions and attempt to provide a structural interpretation of the correlations withont
estimating a model. The model that is developed in Chapter 5 actually allows for i
wide variety of correlations, and there should be no presumption that the technolog
ical structure of industries in each country and the foreign ‘narkets to which firms
export are similar. However, it is clear from the aggregates that the joint behaviour
of prices and the exchange rate vary considerably across countries, and ii will be

interesting to see the results from a more careful econometric analysis.




Figure 1: Standardized % Change In S; & Standardized % Change In P!
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Figure 2: Standardized % Change In S; & Standardized % Change In P

United Kingdom (1982Q4-1987Q1)
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Figure 3: Standardized % Change In S; & Standardized % Change In P?

Switzerland (1983Q1—1987Q1)
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Figure 4: Standardized % Change In S; & Standardized % Change In F?

United Kingdom (1982Q04—1987Q1)

DOMESTIC PRICE AND EXCHANGE-RATE
0

" -
! F———— Cuanonge~rate ]
5 — m—— Price
“” . ) 1 A N n n i L T
o 2 4 6 8 10 12 14 16 18

TIME IN QUARTERS




Figure 5: Standardized % Change In S; & Standardized % Change In F"

Switzerland (1983Q1—-1887Q1)
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Figure 6: Standardized % Change In S: & Standardized % Change In G

United Kingdom (188204—-1887Q1)
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Chapter 4

Econometric Methods

This chapter provides a general discussion of the econometric techniques that
will be employed in the empirical work presented in Chapters 5 and 6. As the survey
data are primarily ordered and categorical, it is important to realize that the applica-
tion of standard cross-section econometric procedures to the categorical survey data
are strictly inappropriate. As discussed in Chapter 3. researchers have traditionally
employed one of two techniques to estimate economic models with categorical busi-
ness survey data. The first general approach transforms the qualitative responses
o ageregate quantitative variables. and then applies standard time series tests to
the aggregated data: the graphs and correlations in Chapter 3 are applications of
this procedure. The second general approach employs the qualitative data directiy:
while there are a variety of econometric techniques that are appropriate for analyzing
qualitative business survey data, we will employ maximum-likelihood techniques in
lincar latent variable models where the survey responses are treated as being triggered
by continuous latent variables as they move across certain thresholds.(Nerlove, Ross.

and Willson (1993). Chowdhury and Willson (1994)).
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We follow the latent variable procedure here as it incorporates the ordered
qualitative nature of the microdata directly into the statistical analysis. In addition.
while standard full-information maximum-likelihood estimation is only feasible for
general covariance structures in situations with at most three latent variables, larger
models can be estimated using recently developed simulation procedures (Geweke
(1989), Borsch-Supan and Hajivasilliou (1990)). Finally, the latent variable methods
possess an intuitive similarity with standard cross-section and time series tests that
are familiar to most economists. While conditional log-lincar probability (CLLP)
models have a long history in business survey analysis, they essentially treat the data
as unordered and are perhaps better suited to deseriptive data analysis.

We begin this chapter with a general discussion of the latent variable method-
ology in Section .1, including a deseription of traditional full-information maximum
likelihood estimation. a discussion of the infeasibility of FIML in problems of even
moderate dimension. and a brief eritigue of traditional solutions to the problem.
Section 1.2 discusses the nsefulness of simulation estimation techniques within this
context. Section 1.3 generalizes the latent variable procedure to inclde time varving
offects that are coustant across firms. This is particularly important for the empirical
work performed in Chapters 5 and 6. as the standard latent variable framework does
not include this case directly, and because the exchange rate varies over time but is
common across firms at a point in time. Section 4.4 discusses some key issues con
cerning the nature of the survey data and the analysis of latent variables of this type

that impact critically on the nature of the theoretical models that can he investigated.




4.1 Estimating Linear Latent Variable Models

We will first consider the observed categorical indicators {z,}={yu, T,;e}, for
a cross-section of N firms at time 7. as being independently triggered by continuous

latent structural variables {z;}={y},r;} as they move across certain thresholds, i.c.

-~
1, <t <(1J”

Zar =9 20 a, <35, <apy Jj=1...M. (4.1.1)

'{- (le S :_)l

If {7} has a multivariate normal distribution. estimates of linear structural
relationships among the latent variables could hypothetically be obtained from esti-

mates of the population regression coefficients. v.c.
h - -y . — -1 .
Eyloy) = pye + B(a] — pzy). B=E70 . Epeye (4.1.2)

Unfortunately, as the latent variables are unobserved and the thresholds are unknown.
it is generally not possible with a single cross-section of data to separately identify
the means. variances. and covariances in the underlying multivariate distribution.
For expositional purposes. it will be assumed that all latent variables have zero mean
and unit variance, although the identification of mean and variance parameters is
certainly possible with restrictions on the value and time variation of thresholds.
and with the use of additional cross-sections of data.! In this instance, the param-

eters to be estimated (in addition to the thresholds) are contained in a correlation

ISee Horvath, Nerlove, and Willson, (1993), Pesaran (1987, Ch. 8), Ivaldi (1990), and Chowdhury
and Willson (1994) for examples.
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matrix containing ones along the diagonal and (m-1)(m)/2 off-diagonal correlations.
Full-information maximum-likelihood estimation of these polychoric correlations was
first discussed by Olsson (1979) for bivariate situations, and this was generalized to
multivariate situations in Poon and Lee (1987).2

To illustrate the use of FIML in this situation, it is useful to arrange the
data in a contingency table with M observed frequencies dy v,y i1y ip=1.00
If the probability of an observation falling in the iy7,...i§} cell is denoted as m, .
the log-likelihood for a survey sample of N firms can be written (except for inessential

constants) as

13 3
LO)y=N)_ ... 7 diyeandog(m ayy) (1.1.3)

=1 tar=1

where 0={ag, ... .. Gapye poye 0 F G} Ao ee e s az=-00. and @y .oy =0oc. The asso

ciated score can be written as

AaL(0) L 3.
—— =\ ”11 1 Ty ot _In..x
o(0) g Z:. e = o) (i
where
. Hog(m,, ..,
Winoay = —’(To‘)——“ﬁ (1.1.5)

As McFadden (1989) and others in related contexts have noted, the primary
obstacle to computation of maximum-likelihood estimates for 0 is the evalnation of

Toyoapn and Wiy oy, each involving integration over the M-dimensional multivariate

normal density function. Practical FIML solutions involving numerical integration are

2]t should be emphasized that Poon and lee (1987) did not provide a computationally feasble
full-information maximum-hkelihood solution to the estitnation problem for situations with more
than three latent variables. See helow
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only available for integials involving at most three latent variables. When FIML is not
feasible, traditional solutions to higher dimensional problems involve the computation
of polychoric correlation coefficient estimates pairwise, either by maximum-likelihood
(Poon and Lee, 1987) or by conditioning initially on threshold estimates computed
from marginal frequencies and than iterating to a root of the sample score (Martinson
and Hamdan, 1971). These estimators ignore the true multivariate nature of the
problem, and need not produce a matrix of estimated correlations that is positive
definite. In addition. standard errors in this framework are typically calculated from
the information matrix evaluated at the correlation estimates conditional on the first
stage threshold estimates, and are therefore hiased.

Recent theoretical developments in Monte ('arlo integration have allowed
for the replacement of numerical quadrature procedures for integration with ran-
dom number generators in standard gradient-based optimization procedures. The
next seetion discusses the simulation literature in general and introduces a probabil-
ity simulator that is well-suited to maximum-likelihood estimation within the latent

variable framework.

4.2 Simulation Estimation Techniques

ln an econometric context, Lerman and Manski (1981) were the first to con-
sider simulation methods to estimate the cell probabilities =, ,,,. More recently.
Pakes and Pollard (1989) and McFadden (1989) have developed general asymptotic
theories for various classes of simulation estimators. and these have been applied by
Chowdhury and Willson (1994) to problems involving business survey data. To il-

lustrate the basic idea behind simulation in this context, consider the problem of

3 his probiem has actually arisen in practice; see Nerlove, Ross, and Willson (1993).
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calculating the elements of 11 given an initial estimate of the thresholds and the cor
relations in 0. A simulation procedure for estimating 11 would involve drawing a set
7 of M pseudorandom standard normal variables, transforming them to a set of
dependent variables with correlation matrix Y, using a lower triangular decomposi
tion of Sg. i.e. Qqa where Co=0, and then counting the number of realizations
in each particular cell of the contingency table, given the initial threshold estimates.
Iterative procedures are then used to minimize the distance hetween the observed and
the simulated frequencies.

More formally. Pakes and Pollard (1989) initially consider minimizing the
objective function

(L (0) = [, = T () [, ~ T1,(0)] (1.2.6)

where I1, are the corresponding simmlated probabilities and D, are the cmpirical
frequencies. The solution to the optimization problem, under certain regularity con
ditions. vields a consistent and asymptotically normal estimator of 0 as ns — .
where ns is the number of simulated random vectors, nis the sample size. and s is
a positive number. not necessarily an integer. In practice. asymptotic efficieney of
the parameter estimates is improved by choosing a norm other than that induced hy
the inner product. In particular. we may choose a sequence of nonsingular matrices
of random variables possibly depending on 0, A, (0). and minimize A (0)(1,(0) in
stead. Simulated maximum-likelihood, mivimum chi-square, and modified mininmm
chi-square estimators can all be obtained within this minimum distance framework.
While the crude frequency simulator has intuitive appeal and is theoretically
suitable here. its usefulness in practice is diminished by several factors. 1o partien
lar. for the simulation of any probability there will always be a positive probability

that the simulated frequency will be zero: in practice, this implies that the num
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ber of simulations st be quite large to estimate small probabilities with suitable
accuracy. In addition. frequency simulators are not continuous functions of the pa-
rameters of interest.. which invalidates traditional numerical optimization procedures.
There are a variety of simulators that are continuous and differentiable functions of
the parameters, and that are hounded between zero and one. One such simulator was
recently proposed by Geweke (1989) and was also employed in a slightly different con-
texts by Borsch-Supan and Hajivassiliou (1990), Hajivassiliou and McFadden (1990)
and Keane (1992). This Smooth Recursive (onditioning simulator, dubbed the GHK
simulator after its inventors. is unbiased, smooth. and has a small variance.

To illustrate the use of the GIHK simulator. consider simulating one specific
probability indexed by the vector of thresholds {a;. azy,}. Consider drawing a ran-
dom veetor @ ~ N(0.1) such that a; < ¢” < i, Dueto the triangular structure

of €. the restrictions are recursive, .c.

as a3
. ' , - N - 1k o~ = 1441
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The s can be drawn sequentially by a univariate truncated simulator, will satisfy
. - . ! . . .
the restrictions, and have covariance Q0.7 An unbiased simulator for the probability

of interest is constructed as

R
SOM Querre. i tmrr) (4.2.7)

r=1

1
R

ANate however that the e's do not have the correct truncated nuitivariate normal distribution
because the peeursive constraints are not independent. See Hajivassilion and McFadden, (1990.
Appendin 2), for a discussion.
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Borsch-Supan and Hajivasilion (1990) provide evidence that this simulato
works well in simulated maximume-likelihood estimation, in the sense that the bias
induced through taking the logarithm of the simulated probabilities is not substantial
for R=20. and in direct contrast to the evidence presented by Lerman and Manski

(1981) using frequeney simulators.

4.3 Common Time Varying Effects

The empirical work presented in Chapters 5 and 6 does not fit directly within
the general latent framework presented in the previous section. The reason for this
is that the pricing equations under investigation in these chapters depend on the
exchange rate which is constant across firms at a point in time. Although the exchange
rate is observable, it is not possible to investigate the relationship between firm pricing,
plans and the exchange rate with a single cross-section of data, as there is no cross-

sectional variability in the exchange rate.® In standard panel-data econometries. the

5The latent variable frarnework can he augmented to include continuous (and observable) survey
data however. In this instance. the general covariance structure will include estimates of covar
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exchange rate would be viewed as a time-varying effect that is constant across firms
at a point in time: this section extends the latent variable framework to this situation.

For simplicity, we will initially assume that there is one common fixed ef-
feet, and we will denote this as s,. Generalizing to more than one common effect is
straightforward. We will also assume that the joint distribution of {z},s,} is mul-
tivariate normal with mean vector u={p.,p,} and covariance matrix £.¢ We \\:ill
be interested in estimating the population regression parameters associated with the

conditional mean E(y;}r7. s). Note that
E(y7lr.se) = Blre sy (4.3.8)

where

[} = \.:12\:;2] (4.39)

for suitably partitioned £. Under the assumption of multivariate normality. it is also
the case that {y;.07}= {7} are normally distributed. conditional on s,. More specif-

i('&ll]}'. we have

zilse ~ Nz + B(s¢ = p15), Zezs) (4.3.10)
where
S::.s = E::: - E:SS;] Ssr (4.3.11)

Note that $.., is a matrix of constants and does not depend on s,. Our approach

ances between between latent and continuous variables that will be based on estimates of polyser:al
correlation coeflicients. See Poon and Lee (1987) for details.

%]¢ 1n also possible to obtain similar results under the assumption of conditional normality of the
latent variables and s,. provided the conditional mean is linear in s, and the conditional variance
does not depend on s
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for estimating the population regression parameters consists of estimating the stan
dardized thresholds and conditional correlations associated with the distribution of =7
conditional on s, and then relating these conditional correlations to the appropriate
coefficients in equation (4.3.8). As in the previous section, the categorical data for
one cross-section sample at time f can he summarized in a contingeney table with M
ohserved frequencies dyy .y tee 110000« 2a=1. .30 1T the probability of an observation
falling in the iyiy... 0% cell at time 7 is denoted as m,, ... iagt]s,, the log-likelihood

can be written (except for inessential constants) as

3 3
L(()) = .\, Z . Z ‘11,.,....A,ll().(l(ﬂ'z....an|~‘() (-1.3.12)

=1 1ar=1

where 0={ag,..... @3y, poy 1 F ) BreBar}s @ope o @y,==-00, and ay, ..oy, =
In general. identification is somewhat more complicated than in the general latent
variable model withont time varying fixed effects that are constant across firms, and
is best considered on a case-by-case basis. However, it is obvious that it is not possi
ble to identify B with a single cross-section of data, as this procedure would simply
represent a redefinition of the standardized thresholds. 1f we assume that the correla
tions and thresholds are constant over time and that the latent variables are serially
uncorrelated. it is possible to identify B as long as s; is time varying. In this instance,

the joint likelihood function over T' time periods is

T 3 3
L(0) = Z N, Z e Z yyrg.apgtlog(moy el Se). (4.3.13)

t=1 1= 1pr=1

In most cases, we are not interested in the conditional correlation estimates directly.
but rather would like to make inferences regarding the unconditional regression pa

rameters in equation (4.3.8). As the population regression cocfficients can be viewed




40

as nonlinear functions of the conditional correlation estimates (subject to identifica-
tion conditions, of course), inferences can be obtained from the asymptotic distribu-
tion of the maximum-likelihood estimates via the “Delta Method” (Serfling (1980)).
More specifically, under standard regularity conditions which are satisfied in this situ-
ation and assuming that the distribution of the latent variables is correctly specified.

it follows that

V(e — ) = N(0,V) (4.3.14)

where
L OLOL ik
Vo= [L 90 00 = [](0)] (431))

is the inverse of the information matrix. Let g(.) be a totally differentiable function

of 0. The Delta Method implies that

) K r d . d ] . .
VilaOLe) - g(0)) = Mua—;’wa—g) ) (4.3.16)

While inferences regarding the parameters in the population regression equa-
tion can theoretically be obtained using this procedure, we must first determine the
conditions under which the parameters are identified. As the following example il-
lustrates, there are several subtle issues associated with identification within this

framework that greatly affect the interpretation of the parameter estimates.

4.4 Example

Assume that three variables {y*,r", s*} are normally distributed with mean

veetor g and covariance matrix E. For our problem, {y*, 7"} are the latent variables
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and s"=s is observed. We are interested in estimating the population regression pa-
rameters §=X,, 53}, where

(Tu F VyzPrs
B = (_;)(/’_y___/_"_”__)

- Or l_pf's

and
a s — Puyrflrs
By = (J)(MJZL)_
o | - Prs

To proceed, we would like to estimate the parameters in the conditional distribu
tion of {y~.r"} on s, and must therefore determine which parameters are identiied.
Conditional on s, {y" .0~} are normally distributed with mean gy={p, + 71(s - po )

o +72(s = 1)} and covariance matrix X4y, where

(’-'
1m=( — )Pys
a

bl

a.l
1= (=)pss
a

S

and
. p’
2 Tu
- Oy = &
112 =
Tyl 2 7
Op — 5~ Or— 3%

If we standardize the latent variables by subtracting their conditional mean
and dividing by their conditional standard deviation, we could estimate (in addition
to the standardized thresholds) one conditional correlation pf, and two standardized

gamma cocfficients, i.c.




- (4.4.17)

and

N — (1.4.18)
: Ors l"'/’is

Note that from the definitions of the unstandardized 4's. we can write the standard-

ized estimates as

G (4.4.19)
g/l — pis
and
A — (1.4.20)
Tsy/1 — pf‘c

Since a, is identificd (it can obvionsly be estimated from the time series data). it
follows that the estimates of 47 and 4} identify p,, and p,;. Finally note that from

the standardized conditional correlation.

py;( _f’yspl‘s (‘1.1.21)

Y e (e

it is possible to identify p,, and to reconstruct estimates of 3, and f,. provided we

chouse normalizations for @, and o,. It should not be surprising that scale normal-
izations are required Lere for the latent variables. As the data are categorical, this is

the analog of the scale normalizations that are required in the multinomial probit.



4.5 Some Additional Issues

This section considers some additional issues that arise in this context that
are due primarily to the nature of the business surveys, and critically impact on the
nature of the theoretical models that can be evaluated with these techniques.

For the British surveys, it is the case that firms are surveyed on a quarterly
basis while the questions refer to changes over four months: as a result, changes mea
sured over consecutive quarters will overlap by one month. For the likelihood fune
tions presented in the previous sections, we have assumed that samples from adjacent
quarters are independent. which clearly cannot be true il some of the same firms are
in each sample. Unfortunately. accounting for this overlap within the current contest
is extremely difficult. for at least two reasons. First, incorporating the dependence
into the analysis inereases the dimensionality of the integrals under consideration.
and the computational burden increases accordingly. Second. all firms typically do
not respond to the survey every quarter. so that amount of data available to estimate
models that incorporate intertemporal dependence is actually lower. (We will retum
to the issue of missing data below.) For the empirical work presented in Chapters 5
and 6. we will ignore this issue. althongh we are fully aware that a more complete
analvsis would attempt to acconnt for this asymmetry.

The simplest procedure for construeting a balanced panel from a series of
cross-sectional survevs is through listwise deletion of any firm with at least one miss
ing value. In general. there are two issues of concern when missing data are exchided
in this fashion. First. to the extent that missing firms are different from firms that
answer consecutive survevs. the remaining sample will not be renresentative of the
true population of firms. and maximum-likelihood estimates may be hiased and in

consistent. Second. the sample size is obviously reduced if firms are excluded. relative
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to & situation where responses are imputed for firms who respond to one but not all
surveys, and this decreases the efficiency of the parameter estimates. Missing data in
sample surveys can be categorized as either ilan nonresponse or unit non-response.
corresponding to the situations where the firm fails to answer a specific question but
completes the remainder of the survey, or where the firm fails to answer the entire
survey. For the British and Swiss surveys. the majority of missing data responses
for domestic price changes represent unit non-responses. while foreign price changes
have a larger proportion of item non-response hecause some firms don't sell in foreign
markets. Tn this instance, it is unlikely that firm specific information from the same
survey will be extremely useful for imputing missing responses, although informa-
tion from past surveys might be used. Rizvi (1983) has suggested a procedure for
imputing, missing, categorical data that is similar to weighting class adjustments for
quantitative data. and this procedure could be modified and applied here.

We decided not to impute for missing values for the empirical work presented
in Chapters 5 and 6 for two reasons. in addition to the extra computational burden.
First. it should be remembered that imputed responses represent estimates of true
responses and are therefore measured with error: the estimation error associated with
imputation must be accounted for in the statistical analysis and complicates the direct
interpretation of statistical tests. Second. Horvath, Nerlove, and Willson (1993) have
compared the distribution of firms who responded in consecutive surveys with those
who responded in one quarter or the other, and in the majority of cases there are no
significant differences between firms.”

One additional issue that deserves discussion at this time is the observation

that cconomic theories are traditionally dynamic, while econometric techniques we

71t should also be pointed out that cross-sectional aggregation procedures essentially ignore the
missing data problem as well. Previous research that has investigated the time series properties of
cross-sectional averages has not employed a common set of firms on all survey dates.
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have outlined are essentially appropriate for static models. Of course, the comments
concerning missing data and computational difficultics increasing with dimension sug-
gest that consideration of dynamic models, while theoretically feasible, would not he
profitable. In addition. as pointed out in Keane (1992) and illustrated in Chowdhury
and Willson (1994). latent variable models of this type have a fragile identilication
problem that precludes serious consideration of unrestricted high-dimensional mod
els. Fragile identification occurs when theoretically identified covariance structures
achieve a maximum over an extremely wide range of parameter values. In general,
this is not a problem with the data or the econometric theory, but simply reflects
the fact that the data arc categorical and the one should not expeet the same degree
of informativeness from a multivariate sample of trivariate indicators than from a
mutlivariate sample from the underlying continuous distribution. Overall, the lesson
1o be learned from the discussion in this section is that simple theoretical models
present the hest opportunities for empirical investigation with categorical business

survey data.




Chapter 5

Pricing-To-Market

5.1 Introduction

This chapter develops a simple model to explain the PTM behaviour of firms
in the UK. and Switzerland. and then estimates reduced form PTM elasticities for
hoth countries using the categorical business survey data described in Chapter 3 and
the latent variable techniques described in Chapter 4.

From a theoretical perspective. the models investigated in this chapter are
interesting in that they can explain a wide variety of PTM behaviour. including per-
verse passthrough. While most previous research has focused on either demand or
supply-side explanations of PTM, the models considered here allow for both. The
demand-side explanation for PTM is a standard price discrimination story in which
firms charge different prices in different markets because demand elasticities are dif-
ferent. Unfortunately, pure demand side explanations of PTM that are based entirely

on demand elasticites are inadequate in the sense that they cannot explain perverse

passthrough. Froot and Klemperer (1989) argued that perverse passthrough was a
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theoretical possibility. and provided soine tentative empirical evidence to support
their claim. In addition. although Marston’s (1990) model does not provide a theo
retical justification for perverse passthrough. he obtained several point estimates of
PTM elasticities that exceeded one.

In erder to allow for the possibility of perverse passthrough, the models devel
oped in this chapter contain a variable cost component that depends on the exchange
rate; this is perhaps the most simplest supply side explanation of P'TM. r.c. foreign
producers are not entirely foreign. In comparison with alternative supply-side ex
planation that emphasize fixed costs of entry and exit in foreign markets (Baldwin
(1986, 1988). Dixit (1989)), the approach taken here is more amenable to empirical
interpretation with the categorical survey data on price changes in foreign and do
mestic markets.  As emphasized in Chapter 2, once one allows for market specific
costs that are at least partly or fully fixed by nature, firms have an incentive to lix
prices for more than one period, and observed passthough may he the result of fixed
prices and unanticipated movements in the exchange rate, rather than ex ante price
discrimination. Distinguishing between these two different rationales for P'TM is the
subject of Chapter 6.

Empirically. it is clear from the discussion in Chapter 4 that the estimation
of linear latent variable models with categorical business survey data is much more
challenging than standard econometric modelling with continuous panel data. For
this reason. we investigate simple reduced form relationships in this chapter that
are essentially static in nature, rather than complicated nonlinear dynamic models
that might provide more structural information. As a result, the empirical work
presented here should be viewed as a first attempt at examining PTM behavious
with these data. However. it is still the case that the work presented here is based

on firm-specific survey data concerning foreign and domestic prices and costs. and
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the results may be more informative about PTM than standard time series modelling
with aggregate data.

This chapter begins with a brief review of the theoretical motivation for the
model. Section 5.2 develops separate models for Switzerland and the U.K.. as the cost
data from cach survey are different. Section 5.3 describes the empirical specification
and estimation procedure. Section 5.4 presents the empirical results. Section 5.5

concludes and suggests avenues for future research.

5.2 Theoretical Model

The theoretical model that is developed below has two main avenues through
which firms may exhibit PTM behaviour. First. weinclude a standard price-discrimina
rationale for PTM where firms charge different prices in foreign and domestic markets
(when expressed in a common curreney) because clasticities of demand are different.
As mentioned in Chapter 2, price discrimination provides a natural explanation for
'I'M. although previous empirical work that has focused on price-discrimination as
the driving force behind PTM las not been completely successful. The second avenue
for PT'M behaviour comes from the supply side. in the form of variable costs that
depend specifically on the exchange rate. In general, we will assume that this cost
enters into a firm's objective function in terms of domestic currency, but is incurred
in foreign currency. For example, these costs could represent expenses incurred in
building or expanding sales infrastructure. These costs are sensitive to exchange-rate
fluctuations, depend on the size of the market, and are purely variable by assumption.

We will also assume that this cost is not simply linear in s,; rather, we will
assume that marginal costs are increasing in s,. For example, this would occur when

the cost of selling in foreign markets is a quadratic function of s;, i.e. when the

tion
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cost can be written as (" = (as, + bsf) - Q, where a and b are positive constants,
and @, is the foreign demand at time t. While the motivation for the lincar tetm is
straightforward. the motivation for the quadratic term deserves further explanation.

We view assumption that marginal costs are increasing in s, as reflecting tirm
preferences for avoiding foreign exchange risk. For example, the term associated with

2 mentioned above represents additional costs associated with the variability of s,

S
While avenues for hedging foreign exchange risk have certainly expanded in recent
vears. it is generally the case that it is not possible to hedge all risks.! In addition,
some (or perhaps many) of the manufacturing firms in the VLR and Swiss surveys
mav not have the expertise or funds to actively participate in hedging activities.
Finally., Froot and Klemperer (1989) have suggested an additional motivation [m
the risk term. in that the value of firm investments in foreign market share may
be negatively affected by inereased exchange rate variability.? In this sense, this
cost term re-emphasizes their argument that exporting firms may either increase o
decrease their foreign prices when the home-currencey depreciates. Thus, even thongh
the commodities are “produced™ at the same costs, these variable costs can lead to the
deviations from the “Law of One Price” irrespective of the eurvature of the demand
schedules.

Finally. we would like to emphasize that while the theoretical models de
veloped below for the two countries are broadly similar, there are rome differences

in the specification of the cost functions between countries that arise hecause of the

1Of course. firms may prefer to hedge some, but not all of the risk. The madels developed i
the next section are partial equilibrium in nature, the exchange rate is taken to be exogenous and
capital markets are ignored. A more complete analysis would address all of these issues withi a
general equilirium framework

2(;1ovannini (1988) argues that the firm decisions should be unaffected by exchange rate variabil
ity. although his model has perfect capital markets. He also cites a large bhody of emmpinieal evidenee
suggesting that trade flows are unaffected by exchange rate variability. we feel this evidenee s
unconvincing as most of the results are based on aggregate data.
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differences in cost data in the two surveys. More specifically. for Switzerland we have

data on raw material prices, while for the UK. we have data on average unit costs.
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The notation for the remainder of this chapter is described below:

P"=Raw material price (for Switzerland),

("y=Average cost (for the U.K.),

P=Domestic price,

P,f'=Foreign price in terms of foreign currency,

S,=Nominal exchange-rate (domestic currency res-a-vis foreign currency) at time |/,
= o . . :

P/ =P/ . S§,=Foreign price in terms of domestic currency,

S =Expectati t time (1 — 1) about the inal exchange-rate at time /

Sp=Ex) jon at time ( ) about. the nominal exchange-rate at time /£,

D?=Demand in the domestic market,

DY =Demand in the foreign market,

('y=Cost of production (for Switzerland).

1
("y=Market-specific variable cost in the foreign market (for Switzerland),
("s;=Market-specific variable cost in the domestic market (for Switzerland).

(-)'=First derivative of the term in parenthesis, with respect to its first argnment.

Note that the total cost for the British firms is O (D4 DY), whereas it is (' + '+ ('
for the Swiss firms. Also. (' is the cost in terms of domestic currency. Both models

will be developed under the following set of assumptions:

(1) This is a partial equilibrium analysis with an exogenous exchange-rate,

(2) Firms set prices and face a domestic market and an aggregate foreign market.
(3) Production costs are incurred domestically.

(4) There is no fixed cost which is market-specific.

3Theoretically, we might assume monopolistic competition in the markets with 1) and D4 as
the residual demands.
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(5) Variable costs in the foreign market depend on the nominal exchange rate.

The first assumption simply says that the models will investigate the eflect
of the stochastic exchange-rates on the control variables, namely prices. The second
assumption is needed to match the theoretical models with the survey data. As
mentioned in Chapter 3. the business surveys do not contain destination-specific
export or foreign-price data. Instead. they ask questions about “foreign quantities” or
“foreign prices” in general. Assumption three requires that all production take place
domestically, and is a standard assumption in the PTM literature. The rationale for
not assuming any market-specific fixed cost. as has been discussed in Chapter 2.is to
avoid modelling firm price setting behaviour over longer time periods. Assumption

five was discussed above,

5.2.1 Model for Switzerland

Firm i’s period-t objective function is assumed to be

o= P DAY (S P DIPL). = C(DE + D)), Py] - Co( DI, Sy) = Co(D})
(5.2.1)

Note that we have assumed that firms only care about profits in domestic currency.
Dropping the i’s and t's (except for the nominal exchange-rate) and deriving the first

order conditions with respect to the controls leads to the following equations:

(Cy +Cy) - (DY = D! S,

e g = P =
] { (Df)l

(5.2.2)
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Following Marston (1990). we will now derive an expression for the passthrough
coefficient. Manipulating equation ( 5.2.2) and taking the first derivative with re

spect to S, allow us to write it as

. de ) . de o '
(Ian/dq — S'.K}—(l 'gt.-(rs'gz—(z_d(l)j/(l)j)) ('r)t)‘)
(44 .qf .qf (I,S'l . cae

Note that the derivatives in the right hand side of the above equation can be written

as
’%—' = (DY dPT*]ds,
@5y
and
(D7 /(D7) e 1o D! (ny
_— = “ds) [l - ———|.
s, (df /( t) [ ((”j)')z ]
As a result. it follows that
3 (ll’f’//’f'
b dS[ S,
= ) Sy SEAAC, /S,
==t~

(D))
28((DIY)2 = S, DI(D!)" — C{(DI)((DI)')?

Similarly. manipulating equation( 5.2.3) yields

(lPd/I"'

é.
4 ({ [ S'l / Sl

4Note that we can also express these equations in terms of clasticities of demand, e, P4 =
! o d o o et d, . . PR .
(C)+ ') - =5 and PI* = (€ + () - of= . where €” and el are price-elasticities of demand i the
domestic and foreign warkets respectively.
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b, is known as the “passthrough coefficient”™ since it reflects the extent to which a
change in the nominal exchange rate is passed through to the foreign price. é; de-
seribes the magnitude of the effect of the exchange rate on the domestic price. 1If we
define the export-domestic price margin as X, = (P/" - 8) /P4 = P//PZ, it follows
that the effect of the nominal exchange-rate on X, known as the PTM elasticity. can

he derived as

(14\’1 /X,

=146 — 5.2.5
(]S',/S', 1 -+ 61 62. () )

a0 =

Note that with the absence of any other but domestically incurred production
costs, r.c. ignoring the second and the third term in é,. the passthrough coefficient
is always negative irrespective of the slopes of the marginal cost of production and
the foreign demand curve (i.e., (';' and (D4)).* As a result. a depreciation of the
home-curreney must lower the foreign currency prices of the exportable. However.
passthrough is incomplete when the demand is more elastic than a constant elasticity
curve and markup increases with the fall in price. On the contrary. with a demand
curve more convex than a constant elasticity one, & is still negative but passthrough
is more-than-proportionate.  Similar argnments along these lines are contained in
Marston (1990).

The third term in é; is crucial for determining the sign of . It has a positive
effect on 8y as long as (y(.)' is increasing in S;. If the third term is a large positive
number, it could offset the other two negative entries and the resulting passthrough co-

eflicient could be positive and a, is greater than one, indicating perverse passthrough.

5This occurs because the multiplier term is positive by the second order condition of profit
maxinnzation
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In this case, the margin between foreign and domestic prices is actually increasing
more than proportionately with the rise in the nominal exchange-rate.

Turning to 8,, domestic prices will remain unaffected by exchange rate changes
only if marginal costs are constant, i.e. ('} = 0. In other cases, there will be an of
fect. Let us consider the most plausible case of an inereasing marginal cost technology.
With incomplete passthrough and a negative passthrough coeflicient. domestic price
will go up (less than proportionately) with a lowered marknp. a, will be a positive
fraction in this case since a rise in price reduces the markup while a fall in price
increases it. As a result. the margin between foreign and domestic prices will increase
by a fraction of the rise in the nominal exchange-rate. This probably represents
most conventional views of PTM, and is popularly referred to as local currcney price
stabilization, or LCPS. With more-than-proportionate passthrough (and a negative
passthrough coeflicient). & will still be positive but larger in magnitude. This can
lcad to a negative a,. since & has a greater value too. On the other hand, with
perverse-passthrough and a positive passthrough coeflicient, &, will be negative and
the PTM elasticity will be greater than one in magnitude. Therefore, it is 4y which
is relatively more important in dictating the PTM clasticity.

Finally. for estimation purposes, we will need to derive an equation that is
the empirical analog of equation ( 5.2.5). From equation ( 5.2.2) and equation ( 5.2.3).

we have

() + (%) - (DY — (DY) - 8)1(DTY
[(C+ ) - (DY = (DY) /(DY

X, = (P S)/pP" = (5.2.6)

Taking the total derivative and solving for dX /X, implies that

(IA\,(/4X,1 = " (IP;”/I);“ + oy (l“;l/'qls (.

-t
e
-~
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Alternatively, using the lower-case letters for the san:e variables in log form.

we have

A‘I't = OuA]);” + G]Av‘g (5'28)

where &, = In(X,) and Ar, = r, — r,_;. Similar expressions are used for the other
two variables. where ag is the elasticity of export-domestic price margin with respect
to raw-material price. and a; is the same with respect to the nominal exchange-
rate. Equation (5.2.8) is the regression equation that we will estimate. where a,
will be the primary focus of attention. When a; is a positive fraction. passthrough
is less than proportionate with a foreign demand curve which is less convex than a
constant elasticity demand curve. On the other hand. if a; takes a negative value.
passthrongh is hound to be “more than proportionate™ (with a high value of 6;) witha
foreign demand curve which is more convex than a constant-elasticity curve. Finally.

a positive a; with a value greater than 1 indicates the "perverse passthrough™.

5.2.2 Model for the U.K.

For the U.K.. we have data on average unit costs. instead of raw material
prices. We will consider a slightly different model with an implicit form of total cost
funetion for the British firms. Because of this limitation, it is not possible to clearly
isolate the market-specific costs. As a result. production costs are mixed with the
other costs and for the empirical work a common marginal cost is considered for the
two markets. Nevertheless, we will assume that marginal cost is actually a function
ol the nominal exchange-rate.

Firm i's period-t objective function is assumed to be
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Except for the cost term, this functional form is identical to that of Switzerland.
Dropping out i's and t’s (except for S;) and deriving the first order conditions with

respect to the controls leads to the following equations :

[ (D' + DY+ C) - (D) = DI S,
(DY

pi-.8 =pf = (5.2.10)

(- (D' DY+ Y- (DY = D

yl __
= (DAY

(h.2.11)

In the above equations, (" (I + D/ )+ (" represents marginal cost in terms of average
cost. We will assume that this is a function of ;. As a result.a change in the nominal
exchange-rate will affect hoth the domestic and foreign prices.

Manipulating equation( 5.2.10) and taking the first derivative with respect to S al

lows us to write the derivative of the foriegn price with respect to s, as

—(" (D! + DY)

dpPI=Jds, = qz
s, ,,1( DU D) = C S ,u»/
+ <2
_dD! (D))
dS,

It is possible to write the derivatives on the right-hand side of this equation as

dc”

a5 =" (DY) - dpTt]ds,,
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d—(, =" (D?) dPI")ds,.
dS,
It follows that
(/I’f"/l’f'
by Ty
dS, /5,
(D D)8,

| (D) |
25,((D) ) =20"((DI) P = (DY) DS + Dy~ S, DI(D]Y”

Similarly, manipulating (5.2.11) vields

i/ r!
ba‘ = R f

(I,S(//,'s(

dps-

= e DI+ D DI (S P

&, and &, have the same definitions as before. and the PTM elasticity is
therefore a; = 1 + é; — 8,. In this model. the passthrough coefficient é; is bound
to be negative. as long as there is no identifiable market-specific variable cost in
the foreign market which is directly affected by S;.° However, depending on the
curvature of the demand schedules, passthrough will be either less-thau-proportionate
or more-than-proportionate.  Also, except for a constant average cost technology.
domestic prices will alwayvs be affected by a change in the exchange-rate. A domestic-

currency depreciation will therefore lead to a rise in the domestic price when the

“Once agnm, this occurs because the multiplier term is positive by the second-order condition of
profit maxinization
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passthrough coefficient is negative. As hefore, the PN elasticity will be a positive
fraction when passthrough is incomplete and negative when passthrough i~ more
than-proportionate.

Defining X, as the export-domestic price margin, and ay as the P'EM elas
ticity. a reduced form equation that is similar to the Swiss equation can be derived.

Taking the total derivative of X; and solving for dX,/.X, vields

(14\'f/,\'[ = Qg " (1('1/(‘1 + Oy (1.5',/5'( (3.2'2)

which can equivalently be expressed as

A«I'f = ()”A('( + “]Ahl l-r)...,.l:‘)

where r, = In(X}) and Ay = oy — oy As in the Swiss model, ag is the elasticity of
exvort-domestic price margin with respect to average cost, whereas ay is the elasticity
with respect to the nominal exchange-rate. The interpretation of the parameters s

identical to the Swiss casc,

5.3 Econometric Specification

5.3.1 Identification

In order to estimate the PTM elasticity for each of the countries, we propose
to estimate a variation of the equation ( 5.2.8) and equation ( 5.2.13) using survey
data concerning proportionate changes in PLopt o and P ofor Switzerland and .
P and (' for the UK. More specifically. for Switzerland, we estimate the following

regression equation




60
A]:{ = Ap;’ + ag At 4+ a1 As,. (5.3.14)

For the U.K.. the corresponding regression equation is

Ap{ = Ap;' + agAep + 0 Asy. (5.3.15)

As mentioned in the Chapter 1. the fact that the survey data are categorical seri-
onshy complicates identification of the parameters in these equations. and we now turn

to this issue.” Asstme that we are interested in estimating parameters in the equation

£y = .j] i) + ;12.1‘3 + J';.I'; (5.3]())

where ay is an observed continous variable that is constant across firms at a point in
timme but varies over time. and where @y, 5. and ry are latent variables that trigger
trichotomons survey responses. For the equaiion ( 7?). 3 = L.y = Ap{. 1y = Ap!

and oy = Apr. For equation ( 5.3.015). 4 = 1.u = A]);f and r4 = Ae¢;. In both

cquations, @y = Sy,

Assume that the variables { .0, 0,04 } are normally distributed with
1 . . — » . . .
mean vector /l:{ /1,,./11./13./1;;} and covariance matrix ¥. We are interested in esti-
a1 ine l‘ I,'- T OCel t - ’=\ﬂ v\_., 'l
mating the population regression parameters /3=y, . Where
a — paipsr — 2+ p 2+ 2= P12p5
(__l_)(/’u P31032 = Pa1Ps2 T P31P34P42 T 41034032 /712/’34)

'il = 1 _ 2 _ 2 _ _2 +2 ‘ j .
U P34 = P32 — P 3203442

“The notation here will follow Chapter 4
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J, = (ﬁ)(/’.n — s = Papart preap t papapse — l’.u/’i;)
’ a3 L= pig = 3~ Pia+ 2pazpapae ’
and
Oy, M — Me2pPa2 = PPzt prapsipsr + pPapaala — PP
3y = (— ) - - — ).
T4 L= p3q = P2 = pra t 2pa2Pnapae

In order to determine which parameters are identified, we proceed by esti
mating the parameters in the conditional distribution of { ryoraors b oon g Condi

tional on &y, {ry.rp 4} are normally distributed with mean j, = A nler- ).

[ . . ~ “~ ) . .
jio 4 2y = gy gty + ey — pg) ) and covariance matrix PP S A

where
™
N o=(—)m
™y
7
12 = (=)o
a4
my
1y = (‘-)l'u-
4
and
n.’
Ti— ey
e = ey o
—112 — T — s ”22_,,“
pr MMM o outn g T
d 44 8 44 SV A
Simplifving vields
2
an(l — /’14)
\ — (1 e
~11.2 a0 (P12 = Paapra) 722 Nag)

asa1(ps1 — prapas) 0203 pry — puapsa) Tl = Pia)
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If we standardize the latent variables, it is possible to estimate conditional

. ' 1 ! . v ' ' ’ .
correlations pl,, pyy. pyy and three standardized gamma coeflicients 7, 7,. 73, 10 ad-

dition to the standardized thresholds. Using the definitions of the unstandardized

coefficients, we can write the stadardrized coefficients as:

. J
L)
il
)
™~
T‘
R
NN
|
<)
|
=
L] S

‘7[ _ li.'i _ 34
3= fo— = ,
RV Paa o1 —ph
p' _ M2 — Mapaz
127 5 ;
\/1 - /’f‘s\/l — P
p' _ P2y — Pasfq2
n= ;
\/l - /’f.;\ﬁ ~ P
r_ 1 — MaPag

T = e/ -

(5.3.17)

(5.3.18)

(5.3.19)

(5.3.20)

(5.3.21)

—
-t
.
h
[
I~
—~—

Since a4 can obviously identified from the observed continuous data, it fol-

lows from the first three equations that the estimates of 7;. 'y; and ‘y; identify py4.

prq and pyy. and the last three equations can be used to identify pyy, pa3. and ps.

Finally, 3 estimates can be constructed from their definitions, provided we choose

normalizations for 2.2 and S As pgi=1in both theoretical regression equations.

and we do not have information concerning the relative variability of domestic and

foreign prices. it is not possible to impose this constraint on the estimation. For the
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empirical work presented in the next section, we report results under the assumption
that Zt=1. We also assume that £ and oy are both equal to one. As we are not
focussing primarily on the magnitude of the cost coeflicicents, this normalization is
innocuous. The magnitude of the PTM elasticity will depend erucially on the magni
tude of 2t however. In order to provide some support for the chosen normalization, we
constructed a time series for AP,f using time series data on domestic prices along with
the data on real and nominal trade-weighted exchange rates.® For Switzerland, the
alue of the standard deviation of the chauge in foreign price is around .95, whereas
it is around 1.2 for the UK. As a result, we can say that the normalization is not
an unjustified one. though it might overestimate the parameter for Switzerland and

underestimate it for the UK. The bias. however, is not very significant.,

5.4 Empirical Results

Maximum likelihood estimates of the parameters of interest were calenlated
based on the likelihood function presented in Chapter 4 under the assumption that
the latent variables are temporally independent. As mentioned in Chapter 4, this
assumption greatly simplifies the complexity of estimation problem. and avoids prob
jems associated with missing data. While the assumption would obviously not be
appropriate for surveys measuring levels, the assumption is less objectionable for
survey responses concerning changes.

Maximum-likilohood estimates were computed in Gauss, using the trivan
ate normal CDF routine to calculate the probabilities.  Numerical derivatives and

Brovden-Fletcher-Goldfarb-Shanno iterations were employed to attain a local maxi

5The domestic price data were CPLindexes taken from the OECD mam economic indicators
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mum. with a final Newton-Raphsou iteration to calculate the observed information
matrix. In order to verify that the local maximum was in fact a global maximum. we
varied starting values to make sure that convergence was obtained at the same point
in the parameter space. Standard errors for the estimates of the population regression
cocfliceints were then obtained via the Delta Method, as described in Chapter 4.

The estimation results are based on quarterly survey samples from the first
quarter of 1983 to the first quarter of 1987 for Switzerland, and from the last quar-
for of 1982 to the first quarter of 1987 for the U.K. The first two tables report the
results from the first-stage estimation resulting in three estimated conditional corre-
lations. three standardized 3 coefticients and the standardized thresholds. The third
and fourth tables report the actual correlations between the variables, and the two
clasticities ag and ay along with their standard errors for Switzerland and the U.K.
respectively.

For cach of the countries, we also divide the total time-period into two parts
and run the same estimation for cach part.  As a result, three sets of results are
presented for hoth of the countries, one for the first half. another for the secoud half
and then for the whole period. The rationale for doing that is to examine whether or
not any substantial change regarding the market-structure actually takes place during

that period of time.
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Table 5.3: Estimates(SW)! - Apd =Ap! + aoAp+ a;As,

Date | pia P24 P38 P12 P23 P31 Q Qg
83Q1 | -.201 | -.131 032 642 222 325 16.626 | -.201
-85Q1 | (.023) | (.020) | (.006) | (.013) | (.017) | (.018) | ( 2.311) | (.018)
85Q2 | -.094 | -.072 [ -.146 781 356 341 1.478 -.067
87Q1 | (.018) | (.013) | (.007) | (.009) | (.003) | (.016) | (2.061) | (.020)
83Q1 | -.133 | -.149 | -.042 J1T7 334 378 2.842 -.156
8701 | (.016) | (.014) | (.006) | (.008) | (.012) | (.013) | (1.264) | (.013)
t - Standard errors in parentheses,
Table 5.4: Estimates(U.K.) - Apd =A]r,f + 0o+ 0 A sy

Date | pyy fa4 P34 P12 P23 P31 Q) Qg
8201 | 222 | 243 159 822 351 285 1 -.203 005
S1Q4 | (L011) | 011) | (.007) | (.004) { (.010) | (.010) | (.463) | (.012)
8HhQ1 | 162 | 194 045 .820 385 343 .822 -.032
S7Q1 | (.015) | (L012) | (.008) | (.005) | (.011) | (.012) | (.481) | (.012)

s2Q4 | 191 216 099 823 372 318 3715 -0H
RTQ1 | (L008) | (.008) | (.005) | (.004) | (.007) | (.007) | (.325) | (.008)

1 - Standard errors in parentheses.
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The primary focus of our attention will be the P'TM elastivites associated
with the parameter estimates for a; in Tables 5.3 and 5.1, The first thing to notice
about the results is that there is definite evidence of PTM hehaviour, in that the P'T'M
elasticities are significantly different from zero at the 5% level for cach sub-periad
and the total sample for Switzerland, and foi the second sub-period for the UK. This
conclusion is also invariant to the normalization imposed for identification. However,
conclusions regarding, the precise type of PTM behaviour are somewhat more diflicult
to make, as tests of null hypotheses concerning values of ay that are different from
zero will be affected by the chosen normalization. Under the assumption that the
norimalizations imposed for identification purposes are correct, it is not possible to
reject the null hypothesis that ay is greater than 1 (passthrough is perverse) for the
first Swiss subsample. For the other Swiss subsample and the combined samples, it
is the case that the point estimates exceed one in cach case but are not estimated
precisely enough to reject the null hypothesis that ay is less than Lo Tov the Tk,
results in the second sub-sample, passthrough appears to be less than proportionate:
for the remaining subsample and the overall sample, it is not possible to reject the
null hypothesis that passthrough is complete and a;=0.

The differences in results between countries may be interpreted ina number
of different ways. First, the results may be indicative of fundamental differences i the
PTM behaviour of Swiss and UK. firls. and this in turn may reflect differences in the
nature of the foreign industries in which manufacturers from both countries compete.
However. considerable caution should oe exercised with this interpretation, as thee
may he measurement errors associated with responses to the UK. survey, there were
a variety of strong identification conditions imposed on the joint distribution of the
latent variables over time to ensure that oy was identified, and it appears that the

tests regarding a; may not be that powerful. Unfortunately. the precise estimation
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of evy will depend erucially on the number of time series observations included in the
pancl. and the evidenee presented here appears to suggest that more data is required
in order to provide accurate estimates of PTM behaviour within this framework.

It is also the case that both sets of estimates appear to exhibit intertemporal
instability, when broken into subsamples. This may indicate model misspecification.
as there are a variety of alternative rationales for PTM that are not captured by the
model, In particular, models that incorporate demand- and supply-side dynamics
suppest that permanent changes in market structure may result from changes n ex-
change rates. and these changes would show up as parameter instability within the

current framework. Some of these issues are discussed in Chapter 6.

5.5 Conclusion

This chapter developed a simple model of PTM hehaviour for firms and then
estitated reduced form relationships implied by the models using cetegorical business
survey data from the UK. and Switzerland. using the linear latent variable modelling
framework developed in Chapter 4. We found strong evidence of PTM behaviour for
Swiss manufacturing firms, with less evidence for U.K. firms.

As this is the first application of the extended linear latent variable framework
with time varyving effects that are constant across firms, it is difficult to say whether
the results presented here are due to the specific characteristics of the data, or whether
they are the manifestation of more general features of the econometric problem. At a
minimum, one important area of future research will be a Monte Carlo investigation
of the finite sample properties of the estimation procedure, in order to evaluate what
panel dimensions are required to produce precise estimate of coeflicients associated

with time varving effects that are common across firms at a point in time. More
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generally. it will also be important to consider alternative plausible models of P'I'M
behaviour. Along these lines. Chapter 6 investigates survey data concerning expected
foreign and domestic price changes to determine whether firms pre-set prices for more

than one period.




Chapter 6

Planned v.s. Unplanned

Passthrough

6.1 Introduction

Stochastic exchange-rates can affect the domestic currency prices received by
exporting firms in at least two different ways. First. firms will adjust their pricing
plans in response to rate changes in order to maximize profits. Second. to the extent
that there are significant costs associated with changing prices. firms may preset
prices fur more than one period, and changes in the relationship between foreign and
domestic prices will primarily be caused by unanticipated movements in the exchange
rate. As has heen emphasized in several of the previous chapters, distinguishing
between these two types of passthrough is ar important task in PTM research. as the
theoretical rationales for cach type of PTM behavior are different.

The empirical evidence concerning PTM that was presented in Chapter 5

was derived from a model characterizing planned PTM behavior. The primary mo-
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tivating factors behind this type of PTM were ex ante price discrimination and the
presence of variable costs that depended on the exchange rate. While the empirical
results from Chapter 5 tended to support th. «<istence of planned P'TM. at least
for Switzerland, the model incorporated no dynamies on either the supply side o
demand side, the empirical implementation placed fairly restrictive assumptions on
the joint distribution of the latent variables underlying the categorical respenses, and
there was some evidence of structural instability that might potentially be attributed
to model misspecification.

Perhaps more fundamentally. as the survey data actually responses coneern
ing future pricing plans in foreign and domestic markets, it seems fogical that these
data might he more informative regarding PTM behavionr in firms™ plans than the
cortesponding realizations. As a first siep in directly analyzing the hehaviour of o
eign and domestic price plans. this chapter investigates an ex ante version of the model
described in Chapter 5 using survey data on pricing plans and expected fnture costs,
While other researchers have imvestigated this issne under assnmptions concerning,
the nature of firms' price setting plans and a model or the exchange rate (Maiston
(1990). Giovannini (1988)). this appears to he the first rescarch investigating foreign
and domestic pricing plans with ditect survey data.

In comparsion with planned PTM behavion. unplanned passthrough re
sults when prices are fixed for several periods. Typically, models with unplanned
passthrongh are based on substantial fixed costs of entry and exit (Dixit (1987).
Baldwin (1986)). Modelling the behaviour of firms that set prices for more than
one period is difficult. in the sense that firms must choose a price and the b
of periods for which the price will be fixed. While this complicates the theoretical
development of pricing models and their empirical implementation, it is possible 1o

investigate the effect of multi-period price setting in foreign and domestic markets
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using the survey data, withont specifying a complete model of firm behavior. In
this chapter. we test the null hypothesis of no unplanned PTM by relating unantici-
pated changes in foreign prices to unanticipated changes in costs, and unanticipated
changes in the exchange rate. As we have no data on exchange rate expectations. we
investigate several different models of expectation formation.

"The chapter will proceed as follows: Section 2 develops and estimates an ex
ante version of the model discussed in Chapter 5. Section 3 provides some motivation
for the test of no price-setting lags, and discusses the empirical implementation of
the test. As the linear latent variable model employed in the test contains four
latent variables. we employ the simulation based estimation procedures described in
(‘hapter |1 to compute the probabilities underlying the likelihood function. Section 4

concludes.

6.2 Plans of PTM

This section examines the empirical implications of the model developed in
(‘hapter 5. from the perspective of the previous period. w.r. we consider the situation
where firms maximize expected profits at time ¢ based on time t—1 infori 1ation. The
theorotical motivation for the model is identical to the motivation presented in the
previous Chapter.

There are two problems associated with following the derivation in the previ-
ous chapter to determine the effect of anticipated changes in exchange rates on prices.
i“irst. it is not possible to totally differentiate the first order conditions for the ex ante
problem and separate planned foreign prices and exchange rate expectations, as was
done for realizations in Chapter 5, because of the nonlinearity in the profit function.

Second. although exchange rates are observed, exchange rate expectations are not. In
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order to keep this portion of the analysis cractable, we will assume that the exchange
rate follows a martingale atd that this is common knowledge across all firms, In this
instance. all firms will use the current exchnage rate as their hest guess of tomortow’s
rate. and expectations will be homogenecous. Of course, as meptioned several times
in previous chapters, this is highly unlikely, but it will serve as an interesting base
case from which to view alternative assumptions.

Following Marston (1990), we will proceed with an analysis of “expected”
versions of equation ( 5.3.14) and equation ( 5.3.15). In particular. for Switzerland
we will consider a regression equation relating planned marghi changes to anticipated

changes in costs and anticipated changes in the exchange rate, wr.

Arp = apApi + oAy (6.2.1)

and where we have imposed the martingale expectation assumption. For the UL

the analagous equation is
Ar = oA + oA, (6.2.2)
We follow the same empirical methodology. deseribed in the last chapter: to estimate

the eapeeted PTM elasticities for the Swiss and UK. firms. The final results are pre

sented in Tables 6.1 and 6.2.




Table 6.1: Estimates(SW)! - Apf =Ap/ + afAp™ 4+ a|As!

Date

)4 24 4 Pl Py ) aj gy
83Q1 | -.030 1 060 | - H34 | 822 268 268 11.625 | .001
-850 1 | (.003) | (.004) | (.L03) | (.007) | (L013) | (.015) | ( 2.296) | (.023)
85Q2 | .015 006 | -.077 | 913 AT 384 -1.220 | -.077
-87Q1 | (.001) | (.002) | (.001) | (.007) | (.016) | (.019Y | (.209) | (.018)
83Q1 | .050 057 1 -.007 | .850 432 368 -.102 -.001
RTQT L (L004) | (.007) | (.004) | (.005) | (.011) | (.013) | (.946) | (.013)
i - Standard errors in parentheses.
Table 6.2: Estimates(UK) - Apfc = Apl" + afAct+ a{As!
Date | pa | Py | Paa | P | Py | P 0j o
82Q1 | 115 101 78 868 400 332 | =544 1 .024
SNIQU L (L019) | (L011) | (.009) | (L004) | (.010) | (.O12) | (.685) | (.012)
SHQ1F | L6 053 139 839 457 390 1 -2.380 | .004
SNTQL | L013) | (L013) | (L009) | (.005) | (.010) | (.011) | (.153) | (.012)
S2Q1 | a3 | 076 [ a6t | 881 | 428 | 359 [-1.502 | 0I5 |
SSTQU L (008) | (L008) | (.006) | (.003) | (.008) | (.00T) | (.320) | (.008)

t - Standard errors in parentheses.




(‘omparing these two tables with the results in Chapter 5.1t is clear that they
are qualitatively similar. although the overall levels for of are somewhat lower here.
For example, for Switzerland the value of af is significantly positive in the first hall
of the sample, significantly negative in the second, and insignificantly different from
zero for the overall sample. For the UK., o) is negative and significantly different
from zero in the second sub-sample and for the overall sample.

Taken at face value. the expectations based equations paint a slightly il
ferent picture of PTM behaviour. In particular, for the U.K, the majority of the
estimates are negative and statistically significant, suggesting that that passthrough
is more than proportionate. For the Swiss results, the PTM elasticity is signilicantly
different from zero and of different sign in both subsamples. but is not significantly
different from zero for the whole sample. As a result, there appears to be fess evi
dence of PTM when considering the Swiss data. while there appears to he significan
evidence of PTM for the UK. data. Overall, it is still the case that there is some
evidence of structural instability. Reconciliation of the differences hetween the results
with expectations and realizations obviously represents an important task for future
research.

However. it is important to emphasize that the results here depend onan
assumed model of exchange rate expectation formation, w.e. the martingale model,
and there is no guaranteee that this is neccesarily correct. As mentioned previously.
under this assumption it will be the case that expectations are homogeneous across
firms. and this seems highly unlikely. This issue is examined more closely in the
next section. within the context of an attempt o distingnish between ex ante price

discrimination and long-term price-setting as explanations of observed passthrough.




6.3 Unplanned v.s Planned Passthrough: A Test

In this section, we propose a test of the null hypothesis that there is no
unplanmed passthrough. The test employs the survey data on pricing plans and doces
not make any assumption about the model generating PTM behaviour. However.
the test requires an assumption about exchange rate expectations: we will begin with
the martingale assumption and then investigate the effects of alternative expectation
formation mechanisms.

The basie intuition behind the test is that differences between planned and
realized prices should reflect shocks that are unknown at time f — L. We simply
propose a tese of the null hvpothesis that unanticipated changes in foreign prices are
unrelated to unanticipated changes in the exchange rate. To the extent that prices are
preset. and remembering that survey responses concerning foreign prices are reported
in terms of domestic curreney. it will be the case that unanticipated changes in the
exchange rate will be reflected in the reported difference between realized and planned
forcign price changes. We will consider equations for changes in foreign prices. rather
than changes in margins, for computational purposes. as the corresponding margin
equations would involve anticipated and realized changes in foreign prices. domestic
prices, and costs. and would contain six latent variables. In any event. the effects of
exchange rate change should be seen primarily in the foreign prices.

For Switzerland, the following regression equation will be estimated:

(Pf = Py = WP = PP+ XS = 57) + uee (6.3.3)

Similalrly, for the U.K.. the following regression equation will be estimated:

(P = Py = M(Co=CO + 2SS = S5 + (6.3.4)




An implication of no unplanned passthrough is that A, = 0 in these equations.
We include the cost forecast error on the right-hand-side because it will hopefully
make the test more powerful. as this is one source of expectational error that we can
control for. One added benefit of this type of test is that it will be unaffected by
the choice of normalization concerning the relative varability of foreign price changes,
and the exchange rate.

As in Chapter 5, it is important to consider identification hefore estimation

in this context.

6.3.1 Identification

Consider the variables in the above equations as ordered from 1 1o H. e,

{ryorp sy a5}, where g is the exchange rate shock term which we will assiume
is observable (after the fact) and is constant across firms. Following the steps out
lined in Chapters 4 and 3. assume that the variables { L rpory aqory }oare jointly
. ! . . \ )
normal with mean vector p={ jo1 pta ptas pias s} and covariance matrix L. Popu
lation regression parameters can be obtained with appropriate partitioning of the
covariance matrix as B=S,87) . We are specifically interested in estimating A= 3y

() - (M/N).

M = (puap2apss — PrapeapsaPas T Prefaapas = PrePes — PrefsaP2af s + /‘u/‘zn/’-‘i; |
Pa1P3afas — M Pss — P31 PaPnfas + ,":sr./’:u/’:f/; 4+ Py = PPl 2l 3
Prapas + Mapsapss + P14045 Mo — PLaPaP2aPss — PraPaspPasPsa +

P1ap 2524 + P1s — /"150.?;4 - ﬂmﬂfz:s - /’15/'34 + 2Py puspraafre — /’I."-/"jq)

N o= (1= py = py— pls — Phs — Pis = Pha + Pialias + Poalss + Prspisa A 2psapsipa

+ 2p33p25035 + 22402505 F 2pspralsa — 2P 3PsaP 2P
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In order to determine which parameters are identifiable, we proceed

estimating the parameters in the conditional distribution of { ry.rg, 73,74 }

TS

!

=
et
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15 Conditional on s, { #.02,04.04 } are normally distributed with mean p; 2={

i+ (s = ps)y gy + 2(rs = pis)e pa + 3(rs = ps,pa + va(rs — jts)} and covariance

matrix Y0 = Y1 — 1255 8,1, where

and
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If we consider the appropriately standardized latent variables, it is possible

. .o, . ! ’ ’ ’ ' ! . .

to estimate conditional correlations pi,. poye pyp0 Pras Poge Page Standardized cocethi
. ' ] ' ] R . C e .

cients 7;. 79 Y4+ 14. and the standardized thresholds. Using the definitions of the

unstandardized coeflicients. we can write the standardized versions as

17 = R = f1s (6.3.5)
1= e T A e
Ty I — pf.’- 05 I — pi"l
] 2 s v
. — = ) (6.3.0)
on/l — P o1 = pi,
‘7, _ ik . 130 (6.3.7)
3= = . o
an/l — Pis ”’»\/1 -~ Pis
Bi _ 15

il

! e ]
1. = . (6.3.8)
‘ rr,\/l —pi o/l = pis

/" i P2 — Mnfan (6 3.9
1= == 3.
V1= /1= s
py = —A Lol (G.23.10)
\/1 - /’fn\/l — 3
' ) - 5 35
= e (6.3.11)

P = \/l _ /)fﬁ\/l — /)'255'

r_ 14 = MisPas

o= ' . (6.3.12)
H \/l - ﬂfs\/l - f'f.’»
/);4 _ P24 = Pusfas (6.3.13)

\/l - ﬂ-ﬁr.\/l — Pl
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and
' P34 — Pas P35

fn = \,ﬂ - /’35\/1 - /’1'255.

Since ay is identified from the observed data, the first four equations identify

(6.3.14)

M Pass p1s and pgs, and the last six equations allow us to identify pi2, p23, par. pra-
pag and pay.

The magnitude of A, will be affected by the normalization chosen for o;.
althongh the valie of test statistic for ihie null hypothesis that A;=0 will not. For
the empirical work reported below, we will assume that oy=1. In addition. as in
Chapter 5. we wiil not attempt to impose the normalizations concerning anticipated
price plans i.c. =1 above. It should be pointed out that we would not like to
constrain a,=1 in this situation. as there is no basis for assuming that the variances

of price plans and realizations are the same.

6.3.2 Empirical Results

Sinulated maximum-liklihood estimates of the parameters of interest were
calculated based on the likelihood function presented in Chapter 4. and using the
GHR simulator with 100 replications. Estimates were computed in GAUSS. using
numerical derivatives and Broyden-Fletcher-Goldfarh Shanno iterations to obtain a
local maximum. A final Newton-Raphson iteration was employed to estimate the
observed information matrix. In order to ensure that the achieved maximum was in
fact a global maximum, starting values were varied to make sure that convergence was
obtained at the same point in the parameter space. Standard errors for the estimates
of the population regression coefficients were then obtained via the Delta method, as

deseribed in Chapter 1.
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Simulation methods are required in this problem because there arve four latent
variables, and quadrivariate normal orthant probabilities are required as parametric
representations of the 81 empirical frequencies. In general, moving up one dimen
sion from Chapter 5 seriously increased the computational burden, and convergence
typically took as many as 20 hours on a 486 50Mhz machine.

One other issue concerning the development of the likelihood function is the
assumption of temporal independence employed in Chapter 5. As the construction ol
contingeney tables containing expectations and subsequent realizations requires the
use of adjacent surveys, the assumption of intertemporal independence is obviously
inappropriate on a per-period basis. In order to avoid this overlap and still maintain
a large enough sample size. we construeted estimates from quadrivariate contingeney
tables taken from every second quarter, under the assumption that each separate
quadrivariate sample is independent. In table below, we report the correlation esti

mates. the value of Ay and a \? test (W) of the null hypothesis that X,=0.
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It is clear from the low values of W for both countries that we fail to reject
the null hypothesis of ‘no unplanned passthrough’. This is potentially important,
as it supports the null hypecthesis that planned PTM is the most important driving
force behind observed deviations from the law-of-one-price. It is also important to
realize that these conclusions could not be reached without the survey data. However,
enthusiasm for this approach must be tempered by the observation that the test
may not be sufficiently powerful to istinguish unplanued from planned passthreagh.
In addiiton. the test is obviously based on a simple assumed model of expectation
formation. The sensitivity of the results to an alternative assumption about exchange

rate expectations is discussed below.

6.4 Alternative Exchange Rate Expectations

Much of the previous empirical work has assumed that exchange rates follow a
martingale. and nsed this as a basis for modelling exchange rate expectations. Within
the context of a cross-section analysis, the assumption of homogencous exchange rate
expectations across firms seems highly unlikely. In this section we investigate the
effects of introducing heterogeneity in exchange rate expectations into the analysis,

Consider a situation where exchange-rate expectations are measured with
an error which is firm-specific. If we represent the true expectation as Stoand the

measurement error with zero-mean and constant variance as v, we have

St= S; 4 (6.4.15)

In the usual errors in variables model v is assumed to be uncorrelated with 57, and

econometric analysis proceeds using the error corrupted data.
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The situation presented here is actually slightly different, in that the variance
of the “true” expectations will exceed the variance of the proxy which was based (in
our case) on the martingale model  Iu the usual econometric analysis of models with
errors-in-variables, estimates based on error corrupted data are biased downwards.
o that “correcting” for the error will increase the values of coeflicient estimates. In
our situation. the variance of the proxy is less than the variance of true expectation,
and in the absence of other effects, one would expect the coeflicients to e biased
upwards.

However. one must he careful in this simple analogy. as the additional “error”
differentiating the true expectations from the proxy and representing heterogeneity
will actually be correlated with many of the variables in the regression. However,
the heterogeneity factor will be uncorrelated with the expectational error on the left
hand-side of the regression equations in this section under the null hypotheses of no
unplanned PTM. and in this instance it is possible to show that the upward bias
actually holds. However. under alternative hypotheses. this is not true, and it s an
open question whether the test as formulated has power against plausible alternatives

when heterogeneity is accounted for.

6.5 Conclusion

This chapter investigated the behaviour of foreign and domestic pricing plans
using categorical business survey data for the U.K. and Switzerland and used two
separate approaches. First, we investigated the ex ante pricing behavior of firms
foreign and domestic markest using an ex ante version of the model developed in
Chapter 5. The results were slightly different than those presented in Chapter 5in

the sense the UK. survey data indicated PTM behaviour. while the evidenee from the
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Swiss data was much weaker. The opposite result occurred in Chapter 5. Second. we
employed the direet qualitative evidence concerning foreign and domestic price plans
to investigate the null hypothesis of no unplanned passthough. Our results fail to
reject the null hypothesis, which provides some support for models of PTM behaviour
that emphasize the planned behaviour of firms in response to anticipated exchange
rate changes, rather than long-term price-setting and unanticipated movements in
the exchange rate as primary explanations of observed passthrough.

As was also pointed out in Chapter 5. additional research needs to focus on
the finite sample properties of the parameters estimates in these models. Researchers
Jould also foeus attention on incorporating heterogenous expectations into PTM

models.



Chapter 7

Conclusion

This thesis investigated the pricing behaviour of firms in foreign and domestic
markets. using a unique dataset containing firm-specific respouses to husiness surveys
in the U.k. and Switzerland. These survevs contain specific questions concerning,
realized and anticipated pricing decisions in foreign and domestic markets.

While the U.K. and Swiss business survey data are potentially quite infor
mative about PTM behaviour. they also are extremely challenging econometrically.
as most survey responses are ordered and categorical. The thesis cmployed a linear
latent variable econometric approach that treated the categorical survey responses
as heing generated by continuous latent structural variables as they cross certain
thresholds. Parameters in linear relationships amongst the latent variables were es
timated by maximum-likelihood in small-dimensional problems. In situations where
standard FIML was infeasible, recently developed simulation procedures were em
ployed to compute the maximum-likelihood estimates. The thesis also extended the
standard latent variable framework to include time varying effects that are common

across firms.
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Empirically, it appears that survey evidence on observed price changes pro-
vides strong evidence of PTM behaviour for Swiss manufacturing firms, and less
evidence for British firms. However, survey evidence on pricing plans appears to find
strong evidence of PTM behavior for British firms, and less evidence for Swiss firms.
Finally, unanticipated changes in exchange rates with pre-set prices does not appear
to he an important determinant of observed passthrough.

Important tasks for future rescarch include a thorough investigation of the
finite sample properties of the estimates. In particular. it would be useful to know
whether the econometric procedures are sufficiently powerful to capture economically
relevant deviations from the null hypothesis within the models in Chapters 5 and 6.
In addition. an important guideline for research in this area is that survey evidence
on expectations should provide important diagnostic information concerning the be-
haviour of realizations. As a result, an interesting topic for future research will be a

reconciliation of the the different results in Chapters 5 and 6.
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‘"Bl Industrial Trends Survey Number 95; January 1985

Please tick appropriaie answers.: I question not applicable. tick NJA

Peaye wte ipace overicef [or any comments you would like 10 make on puints nut cuvered by your replies

| Are you more, or less, optimistic than you were four months ago about More Same Len
THE GENERAL BUSINESS SITUATION IN YOUR INDUSTRY
2 Are you more,or less, optimistic about your EXPORT PROSPECTS Mors | Same | Les | N/A
for the next twelve months than you were four months ago
3 Do you expect to authorise more or fess Mors | Same {Les | NjA
capital expenditure in the next twelve months
than you authorised in the past twelve months on: 3. buildings
b. plant & machinery
4 13 your present level of output below capacity (Le., are you working Yes Ne N/A
below a satisfactory full rate of operation)
S Excluding seasonsl varistions, do you consider Abovs Below
that in volume terms: ] Normal Narmal Normu N/A
&, Your present total order book is
b. Your present export order book is
(firms w{t: nlo orldc; book a; requested to
estimate the level of demand,
More tan Lan th
Acdr:qnm Adwquute Adq“‘; NIA
¢. Your present stocks of finithed goods are
4 3 2 4
Excluding sexsonal variations, what has been the
trend over the PAST FOUR MONTHS, and what are past FEOR WONTHS NEXTFOUR WONTHS
the expected trends for the NEXT FOUR MONTHS,
with regard to: Up |Sime | Down| NA | Up | Seme | Down) N/A

6 Numbers employed

7 Volume of total new orders i
of which: a. domestic orders
b. export orders
Yolume of output
Volume of: 3. domestic deliveries
b. export deliveries 1

10 Vciume of stocks of; 3+ /W materials and

brought in supplies
b. work in progress

c. finished goods

11 Average costs per unit of output

12 Average prices at which. a. domestic orders

are booked
b. export orders are

Samliad
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17

%20

2122
23-24

W7-28
293¢
312

NR-Ye
35-36
3r-38

J9-40
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13 Approximately iow many months' production is Len Mo
accounted for by your present arder book or V3] es |79 [ron)isn]| 1 P wa
production schedule, a3
14 What lactors are likely to limit your ' i 3 ‘ ’ Q ' ’
OUTPUT over the next four months. o T o - o o
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or factors. If you uck more than one o ¢ | Lidour | Cavacity | Flnance | Components
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to obtain EXPORT ORDERS over the p ot Dates Flaance :5"‘”" CE‘&';:’;‘.‘: Other
next four months. Please tick the most P mratiory Rerumtions | Abrond .
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more than one facror if would be helpful
Uf you could rank them in order
of Importance .::,, than - ::, than '
uste Ukt ua
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ta increase efficiency 81 N/A 64
for replacement 62
¢. What factors are likely to limit (wholly or partly) your capital expenditure suthorisations over the ‘
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Inadequate net retum .
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Please enter here the code number of the main manufacturing activity covered by this [:jn -
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