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INVESTMENT AND THE EXCHANGE RATE

by Francesco Nucctand Alberto F. Pozzolo

Abstract

This paper investigatethe relationship between exchangate fluctuations and the
investment decisions of a sample of Italian manufacturing fifitme.results support theew
that a depreciation of thexchangerate has a positive effect on investmehtrough the
revenue channel, and a negative effiacbugh the costhannel. The magnitude of these
effects varieover time with changes ithe firm’'s external orientation, as measured by the
share of foreign salesver total sales anthereliance on imported inputs. Consistent with the
predictions of our theoretical framework, theeffect of exchangerate fluctuations on
investment istronger forfirms with low monopolypowerand for thosdacing a highdegree
of import penetration in the domestic market. We also provide evidence that the degree of
substitutability between domestically-produced and imported inpéiteencesthe effect
through the expenditure side.
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1. Introduction®

A large body of empiricalresearch in international economics deals with the
implications of exchangeate movements forthe real economyAssessingthe impact of
currency appreciation and depreciation on several key variables, stlchsasunder the
firm’s control (e.g.prices) and those related to its performafeg. thevalue of thefirm),
has beerthe focus ofmanycontributions in the recent literaturghis paper investigates the
relationship between exchangeate fluctuations and theinvestment decisions of

manufacturing firms.

While the literaturehas placed considerable emphasigh@nstudy ofpricing policies in
response to currency fluctuations (see Goldberg and Knetter, 199&uiwves orntheissues
of pass-through and pricing-to-marRetnd also on the study of the exposure ofvtilae of
the firm to movements in thexchangeate? fewer authors havanalyzedthe sensitivity of
firms’ investment tochanges in the currency value. Goldbé&t§93), studyingthe linkage
between exchangeate and investment activity in US industrimds that whileduring the
1970s a real depreciation (appreciation) of the dollar likely to generate arexpansion
(reduction) of capitafjoods orders, the opposite pattprevailed duringhe 1980sCampa
and Goldberg (1995) examinthe exposure of USmanufacturing firms to foreign

1 This paper idased orChapter | ofFrancesco Nucci’s thesis completed at Columbia University. We

areespecially grateful to RicBlaridafor his very helpful guidanceand constanéncouragement during this
project. We would also like tthank JoséCampa, Linda Goldberg, Luigi GuisBpb Hodrick, Ron Miller,
GiuseppeParigi, Massimo Roccas, Federi®gnorini and in particular aanonymous referee for very useful
suggestionand discussions; we benefited from helpful discussions séiminar participants at the Bank of
Italy, the University of Southamptoand the1998 European Economic Association Congress in Berlin. We
are grateful to Stefania De Mitfor providing valuable research assistan&ry remaining errors are our
own. The opinions expressed do not necessarily reflect those of the Bank of Italy.

2 Influential articles orthe subjectsinclude those byrugman (1987), Dornbusch (1987root and

Klemperer (1989), Knetter (1989, 1993) and Marston, (1990).

¥ Among the contributions on thisspect, Jorion (1990), Bodnand Gentry (1993)and Bartov and

Bodnar (1994) try to uncovehe relationshipbetweenthe exchange ratend the asset value of firms, the
latter being measured by the ratereturn realized in thetockmarket. Clarida (1997analyseghe effect of
the real exchange rate on manufacturing profiteeimploying an empirical approach where foreign and
domestic demandeal unitcostsand therelative price of domestically sold produetse explicitly accounted
for. In a recent paper Bodnar, Dunmesd Marston(1998) argue convincinglthat theexchange rat@ass-
through and theesponsiveness of firms’ profits to exchangée arecloselyrelated phenomenand their
analysis examines the two issues together.



competition, concluding thathe surprising result of Goldber¢l993) is attributable to a
change in theattern ofthis exposure; in particular, they show that fifis seem to have
progressively increased their reliance on imported inputs.

A cross-country comparison ofvestment sensitivity to movementstire value of the
currency is provided in anothevork by Campa and Goldberg (1998); controlling for the
external exposures of eashctor,theyreportresults for Canada, UK and Japan ttatfirm
the conclusions reached in their previous stugipally, Worthington (1991) documents for
US industry thatthe size of investment responsiveness to real exchaaigefluctuations
depends on the exposure to foreign competition.

All the above studies are conductesing data at thendustry level, although with a
differentdegree of aggregation. Yet, the recent worknmestment behavior underlines the
importance ofndividual specific aspectswhich, ofcourse, arelifficult to track in aggregate
data. Hence, irthis paper weanalyzethe investment responsiveness to exchamge
fluctuations usindirm-level data for manufacturing. In particular, we combdaa from two
high quality sources: The Bank ataly Survey of Investment in Manufacturing and the
Company Accounts Data Service reports (see Appendix Il for more details).

The optimal response offam’s investment policy to movements the exchangeate
depends on a variety déctors, such as theeliance on imported inputs aride share of
foreign sales intotal sales. After an exchangate depreciation, the morefam is dependent
on imported inputs, the larger is thcrease in variableostsand the reduction in the
marginal value of capital, so thttie reduction in itdevel of investment is amplifiet By
contrast, for dirm with a larger share of revenues frdhe export markets, thacrease in
price competitiveness following an exchanmgée depreciation idikely to determine a larger
increase irthe expectedalue of its capital antherefore in itdevel of investment. Another
prediction of ourtheoretical framework is that thgrofitability of firms with weaker market

4 Although indirectly, another aspect is related to the issue examiribis ipaper. In particulaforeign

firms’ decisions to enter or withdraw from a particular market have a effest onthe accumulatioprocess
and arelikely to be largely influenced by exchangste dynamicgseee.g. Dixit, 1989, andBaldwin and
Krugman, 1989; see also Venables, 1990, for a survey).

> See e.g. the survey by Hubbard (1998).

®  The reverse pattern is obviously true in the case of an appreciation.



power is moreaffected by shocks to thexchangeate. Hence, gestableimplication isthat

their investment decisiorgre moresensitive to currency value fluctuations thaose by
firms with a greateability to adjust their cost-pricenargins. We also investigate sowiher
aspects in the transssion of exchangeate shocks tanvestmentthat may determine a
different responsiveness to such shoél@.example, we examinge extent tavhich firms
compete with foreigmproducers in the domestic market. In particular, we try to characterize
the effect of exchangeate fluctuations on investmerdue to a differentlegree of import
penetration in the domestic market. In addition,analyze to wmat extent alifferent degree

of substitutability between domesticalljroduced and imported inputwiay amplify or
attenuate the effect of exchange rate movements.

All these factorgleterminingthe optimal response of frm'’s investment policycan be
singledout from our data at théirm level. For example, information othe relianceupon
imported inputs and the share efportsales intotal revenues iglirectly availablefor each
period; the degree ahonopolypowercan be approximated by a measure of the price-cost

mark-up.

A description of theanalyticalframework providing theoretical motivation and some
testableimplications is followed by an empirical specificationtbé model. Estimations are
conducted on a dynamic model from padatausing the generalized method of moments
estimator developed by Arellano aBdnd (1991). In thempiricalequation, exchangete
variations interact with the relevarfirm-specific, time-varying explanatory variables.
Therefore, the estimategffect of the exchangeate oninvestment is allowed to vargver
time and is shaped e variables describinghe firm’'s external orientationOur results
confirm the major implications othe theoreticamodel: a depreciation dhe exchangeate
has a positive effect on investmémtough the revenuehannel and a negative effélstough
the costchannel.Moreover, wefind that the investment decisions of firmwith lower

monopoly power are more sensitive to exchange rate variations.

The remainder othe paper is organized as follows. Section 2 outlines a theoretical
framework for analyzingthe main transmssion channels of exchangate variations to

investment and providing some motivatitor the empirical modelSection 3 presents the
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data, the empirical specification and the methodology used for the estimation. In Section 4 we

report and discuss the econometric results. The final section draws some conclusions.

2. Theoretical framework

2.1 A simple model

According to the standamgl theory ofbusiness investment, demafudt capitalgoods
depends on the expected presaitie of a stream afurrent and futurenarginalprofits. Let

T[(Kt,et) be the profit function of a generic firmvhere K, is its capital stock d&tmet, e is

the real exchangete computed asnits of domestic currengyer unit offoreign currency.

Thefirm chooses its optimatével of investment at time |I,, knowing that theaccumulation
process is subject to @ost of adjustment,C(It), which is increasing and convex in
(Hayashi, 1982).

The value of a representatifiam is the maximized expcted presentalue of its cash
flows, which can be expressed as follows:

(1) Vi(Kiy) = mltax{[n Kye )= 1, = C(l, )] + B:+1Et[vt+1 (K, )]},

where the caslflow of every period is expressed by()] net of theoverall investment
expenditure,;,, denotes thdirm’s discount factor between periotlandt+1, E, is the
expectationabperatorconditional onall the information available at timeand the price of
capital goods isnormalized to unity. The capitatock, K,, is governed by the standard
accumulation equatiorK, = K,_, +1,, where depreciation is ignored for ease of exposition.

By applyingthe envelope theorem, the Euler equation characterizingptienal path of

investment can be written as

_ (K, e )0

(2) qt D aKt %-l- B:+1Et(qt+1)’
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where thevariable g, is the marginal valuation of capitaly, /0K _, . If we solve forward the

expectational difference equation in (2), the following expression,fas obtained:

o o (K, ,e., )U
(3) q. = E,y Bi,, O (K. ”)D,
i=o B 0K ., B

which implies thatq, is equal to the discounted presematue of the net futurenarginal
j

revenueproducts ofcapital. Thej-period discount factor izﬁtﬂ. :_|‘|1(1+ Mwig) -y With T,
1=

beingthe firm’s nominal requiredrate of returnbetween periods andt+1. Moreover, the
first-order condition formaximizing (1) with respect toinvestment yieldsthe following

expression:
(bC(I,)U

(4) 1+ DMD: q, .
0ol O

From the assumption that thest ofadjustment is increasing and convexhalevel of
investmentthe term appearing on tHeft-hand side of (4), which ithe marginalcost of

investment, is a positive and increasing functiog,ofHence jnvestment can be expressed as
an increasing function o, , the expected presevdlue of marginaprofits; substituting from

(3) we then have:

_ 0 Q)n(KH-,eH-)
(5) It_(pé!EthOBHjE aK:ﬂ- J E,

where@(() is an increasing function due to the properties of adjustment costs.

In order tocharacterize theeffect of the exchangerate oninvestment, an explicit
expression for thenarginal profitability of capital has to lserived. We assume that both
domestic and foreign markesseimperfectly competitive. In eagberiod thefirm maximizes
profits, taking as given the quantity of the quasi-fixed factor, capital:
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(6) n(Koe)= max XR) K@+ eX( P W g~ wl WL

st ox+X=HRK, L L),

where x(p,) andx (p, ) denote thelemand functions faced biye firm in the domestic and
the foreign market, withp, and p; beingthe pricelevelsset by thefirm in those markets;
w,L, ande w L, denote the expenditure for domestically-produced and imported irputs,
and L, , respectively, and the production functidf(J], is homogeneous of degree one.
Combiningthe first order conditions derived for this problem andingthe envelope

theoremyieldsthefollowing expressiorior the marginal profitability of capitdbeeAppendix
A and Campa and Goldberg, 1998)

an(.):i
oK, K,

[ 1 <« 1 « «
(7) Eptxtfwnx - W k- ewl%,

My M

where 1, and p; denote theirm’s price-costmargins prevailing irthe domestic and the

foreign market; these can also be expressed in terthe gfriceelasticities of demandd( ,

and® .),asp, =(1+19,,)7 andp; = (1+19,,.)™, respectively.

2.2 The effect of exchange rate variations

We assume fossimplicity that uncertainty in thenodel is due exclusively to the
exchange rate and that agents perceive any variation in the curresdogsas permanent: the
level of the exchangerate in future periods is therefore expected toefeal to today’s

exchange rate, i.€E, (qw - e):o 0j=0.

Differentiating expressio5) with respect to thexchangeateand using (7), we can

derive an expression for the effect of exchange rate variations on investment:
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8)
al, _ 0 1 %Kt‘l(pmufﬂeﬁiu*fl)g_ ) 1 D?Ktl(WtLt—QV\{ L‘)B,
de, e 1-B L de, E(pq 1-B de, 5

where @, (I} is non-negative astatedearlier and, fosimplicity, the firm’s discount factor is

assumed to be constant througme: B, =B:,, 0Ost. This expression shows the

s+l
dependence of investment on a one-period variatitheiexchangeate level, isolating the

effect on the revenue side from that on the cost side. It is important to notice that the effect of
exchangeatevariations on théevel of investment at timeis notonly through the change in
current marginal profits but through thehange in the whole stream of future expected
marginal profits.

2.3 The main channels of transmission

The relevant factordeterminingthe value of thetwo terms on the right-hanside of
equation (8)can be better identified from thellowing expressionfor the derivative of
marginal profitability of capital with respect to the exchange rate (see Appendix A):

J TRO1 1 1 U
(g)ge :?e % (1_ X)[r] p,e(l-'-.8 x) _Su, e] +W X["] p*e(l-hs M )+1—Eu: e] _ﬁ (1+r] W e %L

where TR denotes total revenueyg, denotes the share of revenues from exports over total

revenuesy ,. andn e are theelasticities ofthe pricesset by thefirm with respect to the

exchangeate, respectively, irthe domestic market and in thaereign market (pass-through

elasticities);e , ., and € ., are the mark-uglasticities with respect to thexchangerate,

u.e e
respectively, irthe domestic and in thfereign market;a is the share of costs of imported

inputs overtotal variablecosts;n,. . is theexchangeateelasticity of imported inputs prices

" To simplify the notation we have dropped all time indices.
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(in units of foreign currency) and denotes the average fain’s price-costmargins in the

domestic and foreign markets.

Equation (9)provides a useful frameworfor isolating the major determinants of the
change in profitability, and hence in investment, induced by a real depregiation.

On the revenue side, the larger )s the extent of thdirm's exposure to export

markets, the more thi@m benefits fromthe increase in competitiveness associated with an

exchangerate devaluatior?. Focusing on thdoreign sales sidethe positiveeffect of ¥

interacts with theforeign pass-through elasticityy e (ranging fromminus one — a
complete pass-through to foreign prices of an excheasitgeariation — tozero — nopass-
through), the (positive) exchange ratasticity of the mark-ug,.. ., and the pricelasticities
of foreign demandg o If the latter is greater than one in absolute value (i.e. focgrand

is elastic), theeffect of a large external orientatiommagnified;the opposite is true fbreign

demand is inelastidd - |<1.

On the domestisales sidethe effect on profitability of exchangete variationsclearly

depends on(l— x), which interacts with the (positiveglasticity of domestic prices with
respect to a variation of the exchamgee, n , ., the (positiveexchangeateelasticity of the

mark-up, € and the priceelasticity of domestic demand, o If domestic demand is

p* e’
elastic, § , 1, theincrease in domestigroductprices induced by a currency depreciation

determines a reduction e quantity soldwhich causes dall of domestic revenues. The

opposite pattern occurs with an inelastic domestic demand curve.

The positive effect of a currency depreciation on revenues from foreign sales is
counterbalanced by that @osts,which is clearlynon-positive. The magnitude of this latter
effect is determined, amorgher things, by the share aosts of importednputs in total

& Whilst the discussiobelowrefers to a depreciation, all tltensiderations arsimply reversed in the

case of an appreciation.

® The effect of a depreciation on revenues from exports is unambiguously positive, regardlepass-the

through behavior of the firm; see Clarida (1997).
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variablecosts,a , and by the exchangate elasticity of imported input pricess;w* . which

IS non-negative and varies betwessroand one. The latter parameteflects thedifferent

pricing policies of foreign exporters in the intermediate inputs market.

An important feature of expressi@) is that the degree of the firnrmsonopolypower
contributes to determininthe effect of exchangeate variations on profits, and hence on

investment®

When focusing on market power in (9), #igect of exchangeatevariations on profits
is determined not only by the price-cost mark-ups, but also bptirplay ofall the elasticity
terms described above. Tiedasticity of prices inthe foreign market withrespect to the

exchangeate n e and that of foreign demand to pricé.)sx,* , depend themselves on the

degree of eacfirm’s monopolypower. In an influentigbaper, Dornbusch (1987) shotst
whenfirms are pricesetters and interastrategically the absoluteralue ofthe pass-through

elasticity, ;o is inverselyrelated to the price-cost mark-UpSimilarly, the monopoly

power indexy” is negatively related t@ o Thus, in expression (9), the interactiorr](%t .
with 1+3§ ., is such that the lower is tliem’s monopolypower, the greater is thedfect on

foreign sales of exchangate variations:”> Moreover, the lower is thenonopoly power on

the foreign marketthe less reactive is thigm’s mark-up, u*, to exchangeate changes;

0" Evidence on this fact for US industry is provided by Campa and Goldberg (1998)yguethafirms
with high price-costmargins tend tabsorb exchange rate swings itheir pricesandhence their mark-ups,
so that investment by these firms is less sensitive to exchiategshocks. Consistently withis empirical
finding, the model of Bodnar, Dumagsd Marston (1998) predictisat themore competitivéhe industry, the
higher theexposure of firms’ value to exchangge changes. In their analysis the degree of competitiveness
in each industry is measured by thabstitutability inthe utility functionbetweenthe goods exported and
those produced locally in the foreign market.

' The other elemerdffectingthis pass-througkelasticity isthe ratio betweethe number oflomestic
firms in the foreign markednd thetotal number of firms operating therein: the larger this ratio, the higher
the elasticity.

12 Of coursethe statement is valid to the exténat 9 - is greatethanone in absolute valuélowever,
in models of imperfect competition it is customary to make such an assumption (dealing, for example, with a
demand function of the forrx; = Y(R/ B~ with 9 >1).
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hence, it can be seen (@) that alow value of € .. further magnifiesthe effect of the

exchange rate on profitability through the foreign sales.

Dornbusch (1987) also shows that the pass-througkxohangerate changes to
domestic prices is itself a decreasing function of monopolyer. For agiven exposure to
foreign marketsthe lower is the market power, th&ger is (the absolutgalue of) the

product of theelasticity of domestic price and witespect to thexchangeate,n ., and

one plus the priceelasticity of home demand,+1 ,, so that theeffect of exchangeate

variations ontotal revenues is strongErAs the lattereffect is negative for elastidemand
functions, it counterbalances the positaféect of a devaluation on foreign sales. In addition,
the more competitive is thi@m in the domestic market, th@gher isthe elasticity of the

domestic mark-up with respect to teechangeate, € so that theeffect of an exchange

p.e?
rate shock on revenudéom domestic sales is furtherly scaled upthe presence of low

market power.

Finally, asboth the expressionsgferring to revenues ancbsts in equation (9) are
multiplied by a decreasing function die price-cost mark-up, the lower is th@nopoly
power, the stronger is the effect of the exchange rate on both revenues and costs.

Other aspects, na@xplicitly captured in our simplanalyticalframework, support the
view that investment by firmsvith low mark-ups reacts more strongly éxchangerate
variations. In particular, the presencdipnncingconstraints in theecision to invest and the

possibility of hedging against exchange rate risk.

As concerns the first aspect, there is widespread evidence of imperfectiogsapital
markets, due to information and incentive problems, which make invesereessively
sensitive tothe firm’s net worth(internal funds), whereathe lattervariablewould play no

13" Strictly speaking, the relevamonoply powerindex affectingthe pass-throughlasticity of domestic
prices,n pe’ is that of the foreign exporters and tioat of thedomestic producer sellinthe same product in
the home market (Dornbusch, 198Hpwever, tothe extentthat theircost structures are similar and the

products are nabo differentiatedthe indexfor the foreign exporters can besatisfactory proxy fothat of
the domestic producer operating the same industry. Furthermonep,pe also depends upon a measure of

import penetration in thdomesticmarket, which is given by the share of foreign firms in the total number of
firms selling in the domestic market. We will address this issue later in the text.
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role if capital markets were perfect (sBehiantarelli, 1996 for a survey)Conventionally,
cash flow is employed as a profor internal funds (Hubbard,998). In the model illustrated
earlier, we focused on current profits akey determinant othe investment decision and
showed, by examining the relevant elasticities, that the profits of a low mdirkaugre more
sensitive tothe exchangeatethan those of &igh mark-upfirm. Hence, to the extent that
current profitsdisplaysome co-movements with cash flow, it tums thatthe lattervariable
varies more in response to shockgheexchangeates forfirms with low monopolypower.
As a consequence, the pool infestment projects that can be financed also vanese,
inducing an everstrongerrelationship between exchangse variations and investment by

low mark-up firms.

With regard to the second aspecthas been shown th#te optimal hedging against
currency risk also depends upitre degree o€ompetitiveness ithe industry. In particular,
von Ungern-Sternberg and von Weizsacke990) investigatethe relationship between the
hedging decisions of firmand markestructureand demonstrate that the extentoptimal
coverage against foreign currency fluctuations, as a shatee difms’ expected profits, is
greater in both Cournot’s andonopolistic competition models thantime case of perfect
competition. Thereforesince theyare hedged to a greater extent, the profitsianeistment
of firms with a higherdegree of market power aadso less affected by exchangate

variationst*

3. Data and estimation

3.1 The data

The empirical analysifias beeronductedusingdata at thdirm level drawn from two
mainsources: The Survey of Investmenttadian Manufacturing anthe Company Accounts
Data Servicereports. Adetailed description of these sources and ofvémablesused is
provided in theAppendix B, togetherwith some descriptive statistics. The Survey of

14 Allayannis and Ofek (1997) document that firms heavily exposed to exchange rate risk foreiggh
salesand foreign trade are morékely to use currency derivatives. See Hodrig@98) for insightful
discussion on firms’ decision to hedge against foreign currency risk.
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Investment has been carried out by the Bank of Italy dbeéfganing ofeach year sincé984.

We believethe data to be ofinusually high qualitydue to the representativeness of the
sample, appropriately stratified by industry classificatfom size and geographical location

and to the professional experiencetlod interviewers. On average, thember of firms in

each survey isbout 1,000with the datahaving a panestructure; in particular, because of
attrition, the lalanced panel consists of less tha®0 firms. The survey collects both
guantitative and qualitative information on edoin; the former refers to @&onsiderable
number of economic variables, including investnmegenditure, total revenuesd revenues

from foreign sales, the latter to a variety of characteristics that help to define the structure and

conduct of each firm.

In order tohave information on the costde of eaclirm and, specifically, on total
expenditure for intermediate inputs, we atsuploy the Company Accounts 8ta Service
reports. The latter souramllects detailed information drawn frothe annualaccounts of
more than 30,00Girms. Merging the information from the two sources resulted in an
unbalanced panel of slightly ledgan 1,00(irms, which was used in the estimation process.
Unfortunately, it isnot possible to distinguish between domesticallgduced and imported
inputs from the reclassified incomestatements of eacfirm. In order to copewith this
limitation of our data, weused the most recent 44-sectors input-outghie for the Italian
economy and singled out for each sector of manufacturing the value of the intermediate inputs
imported by eaclsector.Similarly, we singledut for eachsector thevalue of allthe inputs
purchased, both imported addmesticallyproduced. We then usegtonomic time series on
import demand for eackectorand industriapproduction to update the correspondfiggire
of the input-output tablewhich refers, by construction, to a single yeaiy. Finally, in
computing thex;; for eachfirm and for each year, weombined thiset ofinformation at the
industry levelwith firm-specific information orthe total expenditure for intermediate inputs

and labor inputs$?

1> Further details on the computation of thque are provided inthe data appendixfor a similar
approach, see also Campa and Goldberg (1997).
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In order tomeasure the degree ofian’s market power, we computedtiene-varying
measure of profimargins on unit price according tiee procedure suggested by Domowitz,
Hubbard and Petersen (1986):

(10) mkup= [Value of Sales A Inventories Payrotl Cost of Materials
i Value of Sales A Inventories '

Admittedly, the most appropriate measure @fra’'s market power is the Lern@rdex,
which is equal to Rrice-Marginal Cosl/Price. Marginal costs are ndatirectly observable,
however, and the mark-up measure as computed in eqaddrs thereforederived from
accountingdata, a procedursvhich has atradition in the empirical literature™® In the
empiricalsection of thigpaper weonly deal with one measure of then’'s mark-up, without
explicitly distinguishingbetween its value ithe domestic market and the one in theeign

market}’

With regard to the choice of , we considered the reeffective exchangeate of the

lira ascomputed by the Bank of Italy. It takes into accounbil#eral exchangeates of the
Italian currency, with each weight reflecting Italyiside with the corresponding country.

Real exchange rates are computed using proguier indexes. An increase & meanghat

the currency is appreciating in real terms.

3.2 Estimation

The analytical framework developed in Section 2 provides theoretical motivation for the
investment/exchangete Inkage. It also has some testaloigplicationsworth investigating

on empirical grounds. Hence, we specify the following dynamic investment equation:

(11) Alti :Blmlt—l,i +[32msti +BS|3(ti mq +B4mti m¢+ bl:l% +Tt +)\I + ty’

8 For a critique of this measure see, for example, Boyer (1996). Alternative approaches for measuring the
intensity of competition in export markets are analyzed in Goldberg and Knetter (1997).

" The relationship betweemkup and the indext, discussed itthe previous sections is tHellowing:
mkug = (H, —1)/1t; -
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where Z, is a vector odlummy variableseferring tothe sectors ofmanufacturing industry,

the firm’s size, the type of ownership (privats. public), the geographical location and the

occurrence of a corporate operation such as a merger or an acqui§itienotes totatales
and is introduced as additionalcontrol forinvestment opportunities;, is a time-specific

effect introduced to control fanovements in the user costazaipital and for variations in the

exchangeate not captured bAe, . In fact, as theexchangeate variesovertime but is the

samefor all cross-sectional units, we consider its interaction withfithespecific variables

X, anda,, coherently with the theoretical framew@kmmarized by equatioi(8) and(9).
The specification contains an unobservédlla-specific effect, A, ; the error termsy,, are
assumed to have finite moments witfy ;)= E(v, @)=0, for all t#s. Finally, inorder to

account for nonstationarity of thexchangerate we usdirst differences inthe empirical
specification. The latteincludes a lagged value dfie dependent variable twontrol for
autocorrelation: it is often argued that a source of autocorrelation is the adjustment lags
typical of investment projects (Caballero, 1997).

The lagged value dhe dependent variable {d1) is correlatedvith the unobservable
effect A,. In order to account fathis endogeneity ofegressors, we adopt tlgeneralized

method of moments (GMM) estimatigmocedure developed #rellano andBond (1991).
This method was shown to be efficient within the class of instrumental vapralgiedures, as
it optimally exploitsall linearmoment restrictions descending frahe assumptionsiade on

the error termsy . Specifically,the number of instruments employed varies frome cross

section to another, growing as we progress throughoupdhel: in ourestimation, the
lagged values of the dependent variable da#dnd earlier are utilized as instruments.

In addition, theoptimal method of Arellano and Bond makegpdassible to compute
standard errors of thestimated parameters that agymptoticallyrobustwith respect to
heteroschedasticity and to deriveset of diagnostictests forassessinghe validity of the
empirical specificationTwo suchtests are considered aur analysisthe Sargan statistic for
over-identifying restrictionswhich verifies the lack of correlation betweerrrors and
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instruments, and then, statistic developed by Arellano afbnd (1991), testing for the

absence of second-order serial correlation in the differenced resftuals.

4. Results

4.1 Foreign exposure

The evidence fronthe basic specification obur dynamic modekstimated fronpanel

data issummarized in Table 1. Theso crucial variablesare x, [Ae, and o ; [Ag referring

to the interaction of reatxchangerate changes with thdéirm’s exposure to international
competition in both the foreign product markets (revenue side) aridréign inputs markets
(costside). The results of thestimationsare consistent with the theoretical predictions: the

coefficient associated withy , [Ae IS negative,implying that after an exchangeate

depreciation thdéirm’s revenues (angia this channeits investment) tend tgrow at a rate
which increases witlthe share oforeign sales inotal revenues. Theoefficient associated

with a, [A\e is positive, suggesting that the decreasinnis costs (andnvestment)vhich

follows a depreciation increases witte share of thérm’s expenditure on foreign inputs in
total costs. Both of these effects are statistically significant.

The effects obthervariables such atotal sales andhe lagged change afivestment
expenditure are alssiatistically significant. Asargued earlier, the latteffect is linked to the
time to buildand the construction lags that charactetize purchase anahstallation of

8 The limiting distribution of theéwo test statistics under thmull hypothesisare, respectively,x > and

standard normalseeSargan, 1958, and Arellano aB@nd, 1991). Estimatioand hypotheses testing are
conducted with the DPD program written in GAUSS by Arellano and Bond (1988).

19 As is clear from the theoretical framework presented in Sectithire Zxchange rate variatiotisat are
relevant for investment decisioase those perceived gsermanent. In order to address tlgsue in more
detail, we have also considered empirical specifications wkeras the permanent component of exchange
rate changes calculated by applying Beveridge-Nelson decomposition on annual deden 1970 to 1997.
The estimation results obtained using the variation of the permanent component of exchangeveaye are
similar tothose obtained using the actual variation. For example, referring tasie specification of Table
1, the estimatedoefficients forthetwo keyvariablesy ; (Ae, anda ; [Ae are -2.22 and 7.1®r the actual
change (witht statistics of -3.1And 2.46) and -1.91 and 6.88 the permanent change (witlstatistic of -
2.88 and 2.57). This similarity reflects the strong correlation between the variation in the actual exchange rate
and in its permanent component calculated on annual data.
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capitalgoods(Caballero,1997), the former constitutes additionalcontrol forinvestment

decisions.

A time-varying, individual-invariant variable such e real cost of capital enters the

specificationthrough thetime effectst,. Of course, theseffects also reflect a variety of

other factors,ncluding part of thereal exchangeate dynamicsnot explained bythe two

interaction terms withAe,. The Wald test for thejoint significance ofthesetime effects is

reported inTable 1, suggesting their importance tbe specification. Similarly, dummy
variablesfor eachsector ofeconomic activity(17 sectors coherentith the NACE-CLIO
classification) and geographicarea (North, Centr@and South of Italy) turn out to be
statistically significant.The effects related tdhe firm's size are also sigficant, at a
confidence level slighthabove the 10 per cent levgl-yalue 0108)?° On the contrary, the
variablesintroduced as a control for the type of ownerskiigfinguishingbetween private
and state-ownefirms, andthoseserving as &ontrol for corporate restructuring operations,

such as mergers, acquisitions and break-ups, are not statistically significant.

A confirmation ofthe validity of our specification comes frorthe value ofthe Sargan
test forover-identifying restrictionsindicating that thenypothesis of absence of correlation
between instruments and residuals cannot be rejegedlde 0.20);similarly, the test
statistic for lack ofsecond-orderserial correlation of residuals fronthe first-difference

equation does not lead to a rejection of the null hypothesial(e 0.57)"

%0 some authors documenthat firm size is a satisfactory indicator fahe presence of financial
constraints in the decision to invest, asetlects unobservable factotisat affect the probability of facing
difficulties in the access texternal fundgseeSchiantarelli, 1996for a survey)Another interpretation for
the firm size variablemay berelated to firms’ decisions to hedge foreign currenisit. Géczy,Minton and
Schrand (19973howthat largerfirms are mordikely to pursuehedging policiesagainst foreign exchange
risk as firm size is a proxy for economies of scale in the costs of hedging.

2L |n order to further validate our results, in particular as regards the befwsenthe exchange rate,
profits and investment, we replicated theasic specification presented this section, using change in
profitability as the dependent variable. We intended verify whether theeffect of exchange rate on
investment is indeed exerted through its impact on the firm’s performance, as measured by information on
profit margins drawrirom balance sheets. The results confirrtieat theeffects ofthe exchange rate change
on profit margins througboth the revenuand theexpenditure sidare of theexpectedsign andstatistically
significant (tstatistics are -2.06 and 2.80, respectively).
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4.2 Market power

The results reported ifable 2 refer tothe basic specification okquation (10),
although the samplevas split betweerigh and low mark-upfirms. The objective of this
analysis is to verify on empiricgrounds the role ofmonopoly power indetermining the
relationship between investment and the exchange rate.

The threshold used to splite sample ighe mean ofthe time-averages of eatthm’s
mark-up. The resultkend support to theview thatthe effect of the real exchangeate on
investment istronger forfirms with a low price-cosiarginthan forfirms with a high mark-
up. When compared across thevo columns inthe table, the parameters of the two
interaction terms, wist of the same sign and statistically significargre of different

magnitude, in accordance with our previous conclusions.

Another approach to characterize the role of mark-uplliswed in Table 3, where

the estimation is conducted on the entire sample and two dummy variables ar®, {}selit
equal to onevhenthe firm is in the low mark-up category armero otherwiseand Dy,

which is constructed in the reverseanner. The splitting criteriofor defining the two
dummy variables is thenean ofthe time-averages of eadlim’s mark-up. These two
variablesinteract separately with each of theo foreign exposure terms; in this case the
estimation results also validatee hypothesis that investment activity fiyms with low
monopolypower is more sensitive to exchamgée variations than that bffrms in the high
mark-up category. The evidence suggests thaetieet operatinghrough the cosside is
about 42 per certigherfor low-mark-upfirms, that operating through the reversige is 84
per centhigher. The effect ofhe interaction terms is alwagsatistically significant abetter
than the 5 per cent level, although grealues tend to be higher (i.e. thiects relativelyless
significant) for the coefficients of variables concerning high mark-up firms.

Finally, Table 4 presentthe results of apecification which explicitly includes the
market power indexmkup , considering its interaction with tipgoduct of foreign exchange

ratevariations and each one of thariables measuring the exposure on the revsitgeand
the cost side:
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This specificationmore closely reflectsthe expression in the theoreticatodel

developed earlier, where the components related to both revenuesostsdare pre-
multiplied by a decreasing function gf; (respectively,]/(1+ T ) ]/(1+ u;) andl/p, , see

equation9). Focusing on the revenue side, thdel proposed earliamplies that the

coefficients multiplyingthe three interactingariables x,, Ae,, and (—mkup ) mainly

reflect the pass-through and prietasticities, ancare therefore related to the degree of
monopolypower. The estimated coefficiefdr these interactingariables indicates that the
effect of an exchangeate depreciation on investment is positive and increases with the
exposure to export markets; on the contrary, it decreases with the paniezt of the firm,

as measured bgnkup . This means thdbr a constant exporevenue share (acrosns or

time or both) and astablerate of currency depreciation, lower price-cosargins are
associated with a more intense accumulagwacess. On the coside, the estimated

coefficient of the interacting variableg, Ae and (X mkup ) is positive, suggesting that for a

given share ofmported inputs in total cos@snd a constant path of currency depreciation,

lower price-cost margins are associated with a larger reduction in investment.

4.3 Extensions

In the previous sections weave emphasizethe role of anumber of channelthat
transmit exchangeate variations to investment, operatingrough changes ifirms’
revenues andcosts. Inthis section weexamine two aspects thatmay affect such
transmission channels, leading to differenaesossfirms in the sensitivity of investment

decisions to the exchange rate.

First, a feature thanay be important in assessifigns’ behaviorafter anexchange
rate shock is the degree iofiport penetration in the domestic market for thdustry to
which the firm belongs. In fact, thesensitivity of firms’ investment taexchangerate

movements idikely to increase withthe foreign pressure exerted by import penetration in
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the domestic market, and the importancehi$ channel idikely to be greater forfirms

whose share of domestic sales in total sales is larger (a kigh )L In order to capturthis
effect, we supplemented thbasic specification in(11) with the following term:

(1- x, ) e OR, [D,, wherelPy (import penetration for industs) is the share of imports
in domestic consumption and, is the ndustrydummy;the othervariablesare asdefined

above. The results, reported Tiable 5, show that thispecificity introduces a degree of
difference(at the ndustry level) inthe effect of exchangeate variations on investment,
which is statistically significanfThe Wald test for thehypothesisthat these sectaffects
areidentical is stronglyrejected (30.6p-value 0.015). Moreover, theoefficients of the
other terms in thenodelare still significanand of thecorrectsign, showinghe robustness
of our earlier result$? The sectorelasticities ofthe dependent variable wittespect to

(1-x,)De, controlling for foreign penetratiothrough imports, are reported Table

5a” We calculated the rank correlationefficient betweesectortime-averages of import
penetration with theectorestimated elasticitieshe value of thecoefficient is positive and
equal to 0.3, lendingomesupport to theview thatthe degree of penetration fireign
goods in the domestic market affects investment responsiveness to exchange rafé shocks.

The second extension that we consider refers tefteetsthrough the costhannel.
In the foregoing sections we saw that thgact of an exchangeate appreciation on
investment via this channel is negatared increasing ithe share of costs of importegputs
in total costs. Yet, after depreciatiorfirms maytend to reduce the quantity imtermediate
inputs imported from abroad by substituting them with doméatitors. Theelasticity of
substitution between domesticaflyoduced inputs anfibreign inputs isnot identical for all

22 1t is worth notingthat when this term is added to tlepecification, the industrdummy alone is
maintained as in the original equation.

2 For thissectorand for only five others (Metallurgy, Non-metalliferous minerals, Machinery, Leather
and clothing) the estimated effect is actually positive.

24 Someinteresting information can literived fromthe ranking in Tab. 5&or example, the Computer
and precision instruments industiseems to bemong thesectors withthe highest sensitivity to import
penetration, so that internationghocks largely affecfirm’s performance in the domestic market; the
Electrical machinery industry also displatfgs feature. On the contrary, th@od industry is among the
sectors where foreign shocks seem to have the least influence on inveébnmegih the import penetration of
foreign products in the domestic market.
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firms, but islikely to depend on the production technology pikwg in eachsectorand also
on the degree cddvailability in the domestic market of thgrimary inputsneeded. Hence,
theremight be an additionalegree ofpecificity at the sectdevel inthe cost-sideeffects of
exchangerate variations on investment. lorder to verifythis hypothesis we modified our

basic empirical model consideritige interaction between the term, [Ae and theindustry
dummy D, .”® The results, reported ifiable 6, show thadifferences amonthe coefficients

measuringhe industry-specific cost-side effect of an exchargfe variation arestatistically
significant (Wald test 32.5%-value 0.0085°

5. Concluding remarks

This paper proposes a simple theoretical model able to isolate all the channels of foreign
exposure through which exchange rate oscillations affect the investment activity of firms.

The channelsrelated to the revenuside of thebalancesheet reflect theeffects of
exchangerate variations on the priceompetitiveness of firmdyoth in theinternal market
(due to the competition of imported substitutes) and ifidteegn market (due to the change
in export prices). Thehannelselated to thecostside reflectthe variation in the price of
imported inputs induced by exchangege changes. These effects increase whielasticity
of the demand fothe firm’s products, that is tsay,the lower is itsmonopolypower, the
larger is the pass-through ekchangeate variations to the prices of imported inputs. The
overall effect of swings in the exchange rate on firms’ investment is not obvious, as it depends

on which of the two opposing effects prevails.

% Another interpretation of theector effects vighe cost side may beelated to the differendegree of
pricing-to-market across sectansdertaken by foreign producers of intermediate inputs. In particular, the
more foreign producers of intermediate inputs adjusir mark-ups so as to guarantee psi@ability for their
buyers, the less an exchange rate shock should exert an impact on the cost side of buyers’ profitability.

%6 Table 6a reports theector values dthe effectsexerted through theost sideand their ranking. For
some sectors the results have a straightforward econotaipretation (i.e. th€&oodand Leather industries
are amonghose displaying &igh inputexpenditure sensitivity toternationalshocks, whereas tHeubber
and Electrical machinery sectors seem to have a more flexibletnosture so thagxchange rate fluctuations
have less impact on profits and investment though this channel); for others the interpretation is less clear.
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Estimation of adynamic model from panelata for about 1,00Galian manufacturing
firms stronglysupports the testablmplications of a simpléheoretical framework presented
in the study. In theempirical specificatiorthe effects of an exchangate variation on the
revenue side anthe costside are pinneddown through its interaction with the share of
foreign sales itotal sales, on the one hand, and the shaosifs of importednputs in total
costs, on the other. As expected, fwand that thecoefficient associated witthe reenue
term is negative (i.e., a depreciation determines an increaseastmentthrough this
channel), reflecting the increase in the marginal profitability of capital as a result of the greater
price competitiveness; conversetiie coefficient associated witthe costterm is positive,

due to the increase in expenditure on imported inputs.

An important feature ofirms’ structure, the degree afonopolypower, turnsout to
be relevant in determininghe relationship between exchangates andinvestment. In
particular, both thenalysisbased on sample splitting and the direct interaction of the
mark-up term with changes in tlexchangerate show that thenvestment of firms with
lower price-cost marginare moresensitive to exchangate variations tharthose of firms
with higher margins.Moreover, other aspectsuch as the differentlegree of import
penetration in the domestic market and the degresiladtitutability betweedomestically
produced and imported inputs are shown to cause differences in firms’ response to exchange
rate shocks.
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In order toderive equatior{7) in the text, wesolvethe firm’s maximization problem
stated in (6). Afterdifferentiatingthe Lagrangian withrespect top, p*, L andL*, and
maintaining, as in Campa a@bldberg (1998)that, at the optimum, the marginal revenues

in the foreign market are equal to the marginal revenues in the home market, we obtain:

(A1) A=pA+9)=ep(1+9 )
dF
A2 1+9 1)~ =
( ) pt( t,x) dL Wt
dF
A.3 1+9)——=ew,
( ) pt( t,X) dI—* etW

where ), is the Lagrangenultiplier. Usingthe envelope theorem and the expression for the

Lagrange mitiplier obtained in thefirst order condition (A.1) we derivethe following

equation:

dr(.) ., dF
A.4 SR 2 1+ ,
(A4) G TP

where thetime index has beesuppressed fasimplicity. Taking advantage of thiest order
conditions (A.1) through (A.3), the following expression for the average profits (scaled by the
capital stock K) can be obtained:

Ti(.) _ px+epx _ pt(1+8;1)DjF L N dF L O

(A-5) K K HdL K dU kA

Recalling that the firm’s technology features constant returns to scaégpieation of
the Euler’s theorem yields to the following reformulation of (A.5):

(A.6)

() _ pX+ep X WX+ Xx  dFQ
= - 1+9 -—[
K K P g )E K dKE

Finally, we derive an expression ng'le in (A.6) and substitute it into (A.4). As a

result, we obtain the equation (7) in the text.



29

In order toderive equatior(9) in the text, welifferentiate(7) with respect to the

exchange rate, using the definitions of mark-up in terms of the price elasticities of demand:

(A7)
d*n(.) _ 1Cdp 4 . 4y, dp s
dKde K%ﬁ( ) pd de 92 I+ e & WD
0
L _wr +eLdl)D
dp “de de SX*

Algebraic manipulations ahe above expressiongeld the equation (9) in the text. In
the derivation we took advantage of the fact that the exchangelaatieities of mark-up can

_dd, e 1 @B e 1

be defined as foIIows ande . =
de ad, 1+39 e  de dSX* 1+8X,

We also used the fact that tfien’'s mark-up p,, obtained withoutistinguishing
between the domestic and tloeeign market, is equal tie ratio of the total revenues over

the total variable costs.
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Data sources, definitions of the variables
and some descriptive statistics

The main sources used in the present paper are: the Bankalgf Survey of
Investment in Manufacturing (SIM) and the Company Accounts Data Service (CADS).

The SIM database goes back to 1984. The questionnaire is sent to each enterprise at
the beginning of each year and the questions refer tgetirgustpast and the previoygar
(this allows data consistency to be checked over time). Interviewenffiaias of the Bank
of Italy, who tend toestablish long-run relationships witiims’ managers andre also
responsibldor verifying the accuracy of thsmformation collected. Theample is stratified
according to three criteri@ector ofeconomic activity, size and geographical localization.
With regard to the first, the 3-digit Ateco-8lassification ofthe Italian Statistical Institute
(fully consistent with thenternational NACE-CLIO classification) issed. Size refers to the
number of employees (5 classes) amall firms, defined ashose with less than 50
employeesare excludedrom the sample. Firm localizationefers to the regionfl9). The
presence of outliers and missing data within the sample is dealt with by means of appropriate

statistical techniques.

The Company accounts report is a data service provided by an institution (Centrale dei
Bilanci) established anowned by the Bank dfaly and apool of banks. Information on the
annualaccounts of around 30,00tlian firms has been collected sind®82 anddata are

reclassified to ensure comparability across firms.

Merging the information fromthe two sources resulted in amnbalanced panel of
around 1,000 firms. In particular, the structure ofgample by number of observations per

firm is as follows:

Number of annual 3 4 5 6 7 8 9 10 11
observation
Number of firms 108 95 127 96 100 153 66 76 142
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The sectors of economic activity in manufacturing industry are classified as follows:

1) Metallurgy

2) Transformation of non metalliferous minerals

3) Chemicals

4) Metals

5) Machinery for industry and agriculture

6) Computers, office equipment and precision instruments
7) Electrical machinery

8) Motor-cars

9) Other transport equipment (railway, ship, aircraft and other motor vehicles)
10) Food and tobacco products

11) Textiles

12) Leather and footwear

13) Clothing

14) Wood and furniture

15) Paper and publishing

16) Rubber and plastic products

17) Other manufactures.

Variables are defined as follows.

Investment Total fixed investment byeach firm in structures, machinery and
equipment and vehicles.afa arefrom the SIM source andriginally are at current prices.
Hence, we have expressed them at constant (1990) pstegthe sectorinvestment
deflators available from the Italian Statistical Institute.

Sales Total sales of eaclfirm (source: SIM).Original data are at a curreptices;
they have been expressed at constant (1990) prices using the sector production price indexes
released by the Italian Statistical Institute.

X: Time-varying shardor eachfirm of foreign sales irtotal sales. The source for

foreign sales is again SIM.

a: Time-varying sharéor eachfirm of the expenditure on imported inputs in the total
expenditure on inputs. As explained the text, thevariable a is constructedusing
information atthe firm level (source: CADS) and at theectorlevel. In particular, let i
denote thegenericfirm andj the sector towhich the firm belongs(we use a 44 sector

classification) g is defined as follows:
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a, = [(IMJ.t/EMjt )EMt ]/( EM, + LG ), wherelMj is the value of all the materiaisat

sectorj has imported atime t. EM;; andEM; are totalexpenditure on material [sector;j

andfirm i, respectivelyLC; is the laborcost forfirm i. Data at the sectdevel are drawn
from the 1988 44-sector input-output table for the Italian econdsource: Ithan

Statistical Institute) and eaatem is given a time profile by using the approprigigex
(sectorindustrialproductionindexes andgector imporexpenditure indexesource: Ithan

Statistical Institute).

Market power indexmkup ): See text; source: CADS.

Real effective exchange ratéee text; source: Bank of Italy.

The following are some descriptive statistics of the variables used:

Investment 25% 737
50% 2,368

75% 7,548

Mean 11,931

Sales 25% 26,954
50% 65,781

75% 162,622

Mean 226,962

X 25% 0.05
50% 0.22

75% 0.46

Mean 0.28

a 25% 0.13
50% 0.17

75% 0.21

Mean 0.17

Mark-up 25% 0.05
50% 0.09

75% 0.14

Mean 0.06

Legend For each variabl¢hefirst threenumbers provided

are, respectively,the 25%, 50%and 75% percentiles;
calculations are based on the whole sample. Investment and
sales are expressed in millions of Italian lire.
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Table 1

GMM ESTIMATES OF A DYNAMIC INVESTMENT MODEL FOR PANEL DATA:
A basic specification
(sample period: 1986-1995; number of firms: 963; number of observations: 5792)

Dependent variablel;

Variables

Al g 0.26
(6.63)

AS 1 0.52
(6.19)

o;[Ae 7.18
(2.46)

Xit A& -2.22
(-3.17)

Ys7......Yos (time dummies)

Wald test 103.6 (9; 0.001)

S.....§7 (industry dummies)

Wald test 28.31 (16; 0.029)

dz....ds (firm size dummies)

Wald test 7.58 (4; 0.108)

own (type of ownership)

Wald test 1.83 (1; 0.177)

&, & (geographical area)

Wald test 13.40 (2; 0.001)

co (corporate operations)

Wald test 0.39 (1; 0.532)

Sargan test of over-identifying restrictions 51.74 (44; 0.197)

Test of second-order serial correlation -0.58 (0.565)

Legend:li, S;, ande are,respectivelythe logarithm of investmentotal sales andhe real
effective exchangeate of thdira (an increase ieis an appreciation)y;; is the share of costs
of imported inputs irtotal costsy; is the share of revenué&®m exports in totakevenues.
The sizedummiesd’s refer are as follows: 50-99, 100-199, 200-499, 500-999, >1000
employees. Thelummy own distinguishes betweepublic andprivate firms, co refers to
merger, acquisitions, eta’s distinguish between North, Center and South.
Notes:Heteroschedasticity consistent asymptostatistics are shown in brackets below the
estimated parameters. Valuestloé Wald tests for the joint significance groups of control
variablesare alsoreported,with degrees of freedom anptvalue in bracketsThey are
asymptotically x°>. Sargan is a test of thever-identifying restrictions with asymptotic
distributionx?, degrees of freedom amevalueare reported in brackets. Thest forsecond-
orderserialcorrelation is distributedsymptotically as atandard normal. The instrument set
includes lagged values of the dependent variable tk&ge3 and earlier.
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Table 2

GMM ESTIMATES OF A DYNAMIC INVESTMENT MODEL FOR PANEL DATA:
ALLOWING FOR A DIFFERENT DEGREE OF MARKET POWER (*)
(sample period: 1986-1995)

Dependent variablel;

Variables (2) (2)
low mark-up high mark-up
Aljgq 0.23 0.25
(4.01) (6.28)
ASi1 0.36 0.70
(4.20) (6.84)
o, Ae 14.67 5.11
(2.85) (1.56)
Xit A& -3.11 -1.67
(-2.49) (-2.13)
Sargan test of over-identifying restrictions 44.51 (44, 0.450) 51.34 (44, 0.208)
Test of second-order serial correlation -0.25 (0.801) -0.92 (0.359)

Legend:li, Si, ande are,respectivelythe logarithm of investmentotal sales andhe real
effective exchangeate of thdira (an increase ieis an appreciation);; is the share of costs
of imported inputs irtotal costsy; is the share of revenué&®m exports in total revares.
The following control factors are consideretime year dummies, industry dummies, size
dummies(referring to thefollowing breakdown: 50-99, 100-199, 200-499, 500-999, >1000
employees), adummy distinguishing betweepublic and private firms, a dummy for
geographical locatiorfNorth, Centerand South) and adummy for merger, acquisitions,
divestitures, etc. Thevald tests for the significance @ach of these control factors are not
reported due to space constraints.

Notes:Heteroschedasticity consistent asymptostatistics are shown in brackets below the
estimated parameters. Sargan isest of the oveindentifying restrictions.Its asymptotic
distribution isx?, with degrees of freedom apevaluereported in bracketssinally, the test
for second-ordeserial correlation is distributedsymptotically as atandard normal. The
instrument set includes lagged values of the dependent variabl¢-@ate®land earlier.

(*) The sample splitting to distinguish betwetms with low marketpowerand thosewith
high market power idased on theneanacrossfirms of their time-average mark-ups. 274
firms are within the low mark-up group and 689 within the high mark-up group.
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Table 3

GMM ESTIMATES OF A DYNAMIC INVESTMENT MODEL FOR PANEL DATA:
ALLOWING FOR A DIFFERENT DEGREE OF MARKET POWER (*)
(sample period: 1986-1995)

Dependent variablel;

Variables
Al g 0.26
(6.65)
AS i1 0.53
(6.19)
ai[AeDiow 8.99
(2.42)
it A& Drigh 6.34
(2.02)
XitlAe Do -3.32
(-2.39)
Xit /A& Drign -1.80
(-2.26)
Sargan test of over-identifying restrictions 51.98 (44; 0.191)
Test of second-order serial correlation -0.57 (0.566)

Legend:li, S;, ande are,respectivelythe logarithm of investmentotal sales andhe real
effective exchangeate of thdira (an increase ieis an appreciation)y;; is the share of costs
of imported inputs irtotal costsy; is the share of revenué&®m exports in totakevenues.
The following control factors are consideretime yeardummies, industry dummies, size
dummies(referring to thefollowing breakdown: 50-99, 100-199, 200-499, 500-999, >1000
employees), adummy distinguishing betweepublic and private firms, a dummy for
geographical locatioriNorth, Centerand South) and adummy for mergers, acquisitions,
divestitures, etc. Thevald tests for the significance @ach of these control factors are not
reported due to space constraints.

Notes:Heteroschedasticity consistent asymptostatistics are shown in brackets below the
estimated parameters. Sargan isest of theover-identifying restrictionslts asymptotic
distribution isx?, with degrees of freedom apevaluereported in bracketssinally, the test
for second-ordeserial correlation is distributedsymptotically as atandard normal. The
instrument set includes lagged values of the dependent variabl¢-@ate®land earlier.

(*) In order todistinguish between firmaith low marketpowerand thosewith high market
power thedummy variable®,, andDnign are used. Thassignment criterion is based on the
meanof firms’ time-average mark-ups.



36

Table 4

GMM ESTIMATES OF A DYNAMIC INVESTMENT MODEL FOR PANEL DATA:
ALLOWING FOR A DIFFERENT DEGREE OF MARKET POWER
(sample period: 1986-1995)

Dependent variablel;

Variables
Al 0.25
(6.58)
AS 1 0.52
(6.21)
OlitM;etRH-Wug) 2.91
(2.90)
XitlAel(l- mkup ) -1.73
(-3.53)
Sargan test of over-identifying restrictions 51.94 (44; 0.192)
Test of second-order serial correlation -0.52 (0.603)

Legend:li, S;, ande are,respectivelythe logarithm of investmentotal sales andhe real
effective exchangeate of thdira (an increase ieis an appreciation);; is the share of costs
of imported inputs irtotal costsy; is the share of revenué&®m exports in total revares,
mkupg is the firm’s mark-up. The following control factors are considered: timedreamies,

industry dummies, size dummies (referringhe following breakdown: 50-99, 100-199, 200-
499, 500-999, >1000 employees), a dummy distinguishing betmd®ic andprivatefirms, a
dummy for geographical locatiorfNorth, Centerand South) and adummy for merger,
acquisitions, divestitures, etc. Th®ald tests for the significance aach of these control
factors are not reported due to space constraints.

Notes:Heteroschedasticity consistent asymptostatistics are shown in brackets below the
estimated parameters. Sargan isest of theover-identifying restrictionslts asymptotic
distribution isx?, with degrees of freedom apevaluereported in bracketssinally, the test
for second-ordeserial correlation is distributedsymptotically as atandard normal. The
instrument set includes lagged values of the dependent variabl¢-@ate®land earlier.
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Table 5

GMM ESTIMATES OF A DYNAMIC INVESTMENT MODEL FOR PANEL DATA:
ALLOWING FOR SECTOR DIFFERENCES IN IMPORT PENETRATION
(sample period: 1986-1995)

Dependent variablel;

Variables

Al 0.25
(6.48)

AS 1 0.54
(6.32)

Xit A& -2.16
(-1.42)

o [Ae 11.51
(2.23)

(A-xi)AeldP: {5, (1-Xi) [AalP;y (S,,...., (1Xi)AelP:7{S:7

Wald test 30.68 (16; 0.015)

Sargan test of over-identifying restrictions 53.26 (44; 0.16)

Test of second-order serial correlation -0.69 (0.491)

Legend:li, S;, ande are,respectivelythe logarithm of investmentotal sales andhe real
effective exchangeate of thdira (an increase ieis an appreciation)y;; is the share of costs
of imported inputs irtotal costsy; is the share of revenué&®m exports in totakevenues.
The following control factors are consideretime year dummies, industry dummies, size
dummies(referring to thefollowing breakdown: 50-99, 100-199, 200-499, 500-999, >1000
employees), adummy distinguishing betweepublic and private firms, a dummy for
geographical locatiorfNorth, Centerand South) and adummy for merger, acquisitions,
divestitures, etc. Thevald tests for the significance @ach of these control factors are not
reported due to space constraints.

Notes:Heteroschedasticity consistent asymptostatistics are shown in brackets below the
estimated parameters. Sargan isest of the oveidentifying restrictions.Its asymptotic
distribution isx? with degrees of freedom apevaluereported in bracketssinally, the test
for second-ordeserial correlation is distributedsymptotically as atandard normal. The
instrument set includes lagged values of the dependent variabl¢-@ate®land earlier.
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Table 5a
SECTOR EFFECT OF EXCHANGE RATE THROUGH IMPORT
PENETRATION IN THE DOMESTIC MARKET

Sectors Elasticities Ranking

Metalluray 1.17 14
Transformation of non metalliferous minerals 1.42 16
Chemicals -0.07 11
Metals -0.35 8
Machiney for industy and ariculture 0.11 12
Conmputers office equipment andorecision instruments -2.51 2
Electrical machiner -1.86 5
Motor-cars -1.74 6
Other tranport equipment(railway, shi, aircraft etc) -0.21 10
Food and tobaccproducts 1.31 15
Textiles -1.89 4
Leather and footwear 2.16 17
Clothing 0.80 13
Wood and furniture -0.32 9
Paper andpublishing -0.45 7
Rubber angblasticproducts -2.76 1
Other manufactures -2.39 3

Legend The sectoeffect of (1%)[Ae on investment, controlling for import penetration in the
domestic market, are computed on ltlasis ofthe estimation in Table 5. Thsp position in
the ranking corresponds to the lowesflue. A high negative effect meatisat, after
controlling for import penetratiotPs; an appreciationNg>0) associated with &igh (1-X;)
makesthefirm’s productsless competitive ithe domestic market, and thgher isIPs,, the
greater isthis effect; this reduced competitivenessikely to discourage theccumulation
process.
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Table 6

GMM ESTIMATES OF A DYNAMIC INVESTMENT MODEL FOR PANEL:
DATA ALLOWING FOR DIFFERENCES IN SUBSTITUTABILITY
BETWEEN DOMESTIC AND FOREIGN INPUTS
(sample period: 1986-1995)

Dependent variablel;

Variables

Al 0.25
(6.48)

AS 1 0.54
(6.37)

Xit A& -1.40
(-1.79)

aiilAe 15.34
(3.71)

0t [A&[S,,...., 0 [A&[S;7

Wald test 32.55 (16; 0.008)

Sargan test of over-identifying restrictions 52.50 (44; 0.178)

Test of second-order serial correlation -0.704 (0.481)

Legend:li, S;, ande are,respectivelythe logarithm of investmentotal sales andhe real
effective exchangeate of thdira (an increase ieis an appreciation)y;; is the share of costs
of imported inputs inotal costsy;: is the share of revenué&sm exports in totatevenuess

are the mdustry dummiesThe following control factors are consideretne yeardummies,
industry dummiesnd size dummieshe latterreferring tothe following breakdown: 50-99,
100-199, 200-499, 500-999, >1000 empley; moreover, thedummy own distinguishes
betweenpublic andprivate firms and geographical locatiodummies distinguistbetween
North, Centerand South; thelummyco refers to merger, acquisitions, divestitures, etc. The
Wald tests for the significance @fach of these control factors aret reported due tepace
constraints.

Notes:Heteroschedasticity consistent asymptostatistics are shown in brackets below the
estimated parameters. Sargan isest of the oveindentifying restrictions.Its asymptotic
distribution isx? with degrees of freedom apevaluereported in bracketssinally, the test
for second-ordeserial correlation is distributedsymptotically as atandard normal. The
instrument set includes lagged values of the dependent variabl¢-@ate®land earlier.



40

Table 6a
SECTOR EFFECT THROUGH THE COST SIDE (a AE)
Sectors Estimated Ranking
effect

Metallurgy 15.34 4
Transformation of non metalliferous minerals 33.37 1
Chemicals 12.13 5
Metals 5.42 11
Machinery for industry and agriculture 4.95 14
Computers, office equipment and precision instruments 4.03 15
Electrical machinery 3.53 16
Motor-cars 5.16 13
Other transport equipment (railway, ship, aircraft, etc.) 8.63 7
Food and tobacco products 19.08 2
Textiles 5.66 10
Leather and footwear 15.91 3
Clothing 11.31 6
Wood and furniture 6.41 9
Paper and publishing 7.47 8
Rubber and plastic products 0.86 17
Other manufactures 5.42 11

Legend The sectoeffectthrough the costide is computed on thmsis ofthe estimation in
Table 6. The higher the value, the higher the position in the ranking.
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