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Chapter 1
Introduction

The adjustment of the employment level or capital stock is costly for a firm.
Besides the investment outlay associated with the purchase of capital goods,
and wage payments to newly hired workers, the firm also incurs indirect costs
related to the act of adjusting. Installing new capital may involve temporar-
ily closing down all or part of the operations of a firm, workers may have to
be retrained to operate the new machinery, and time and effort need to be
put into organising and planning the restructuring of the production process.
Likewise, adjusting the level of employment involves costs associated with,
for instance, the search for and recruiting of new employees, training, and
reorganisation. In addition, firms incur costs when making negative adjust-
ments. Capital goods may not sell at their actual value in the second-hand

market because of asymumetric information. For employmert, there are ex-

plicit costs of firing workers in most countries, in addition to possible implicit
costs associated with the working ambience and the morale of workers at a
downsizing or reorganising firm.

These adjustment costs are an important reason why firms réspond slowly
to changes in economic circumstances. They form the basis of most empirical
research on dynamic factor demand over the last decades. Unlike investment
outlays or wage payments, adjustment costs are often not observed. Empiri-

cal models therefore require the assumption of a functional form relating the
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costs of the adjustment to its size. By far the most popular assumption is that
the costs of adjustment are quadratic in (some measure of} the adjustment
size. This specification was first suggested by Holt, Modigliani, Muth, and
Simon (1960). The main reason for its popularity is that in structural mod-
els of adjustment, where first-order conditions for optimal adjustment are
estimated, the quadratic specification conveniently yields a linear relation
between adjustment and its determinants. In addition, quadratic adjustment
costs imply that marginal costs increase with the size of adjustment, so that a
sequence of small adjustments is less costly than one large adjustment. Thus,
firms have the incentive to spread adjustment, which provides a rationale for
the use of distributed lag models.

‘There are however some peculiar features to the quadratic ‘approxima-
tion” of adjustment costs. Perhaps most prominently is that it ignores the
possibility of economies of scale. Rothschild (1971) finds the reasons for as-
suming strictly convex adjustment costs “hardly compelling”, and notes that
“[i]t is possible that there are some fixed costs to adjustment that are incurred
whenever the capital stock is changed, regardless of how much it is changed.”
Nickell (1978a) makes a similar point with respect to labour adjustment in
noting that “there seems little reason to suppose costs per worker associated
with either hiring or firing increase with the rate at which employees flow in
or out. [ .. IJt may even be more reasonable to suppose that the average cost
[...] diminishes [...] with the speed of adjustment.” Thus, it appears that
there is no reason to assume o priori that adjustment costs are quadratic, or
more generally, strictly convex. With economies of scale — for example due
to a fixed (or, more generally, non-convex) component in adjustment costs —
firms have the incentive to concentrate adjustment, instead of spreading it
over several periods like with strictly convex costs. If the gains to adjustment
are not high enough to overcome the fixed costs, a firm does not adjust. On
the other hand, if adjustment is profitable, it is cost efficient to concentrate
adjustment because average costs are decreasing in the size of adjustment.

Thus, the implied dynamics involve periods of inaction alternated with pe-
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riods of heavy adjustment. In other words, with fixed costs, factor demand
is ‘intermittent’ and ‘lumpy’. In addition, it is possible that a firm does not
adjust in response to a single small shock, but that it will adjust after a
sequence of these shocks. Factor demand is therefore adjusted in a non-linear
way, as a firm can react differently to equally sized shoeks.

Due to the lack of micro-data, for a long time most of the empirical re-
search was based on sectoral or economy-wide data. This partly explains the
widely spread use of the quadratic adjustment costs specification, because
aggregation tends to smooth out non-linearities at the micro-level. However,
with the increasing availability of micro-data it has become clear that richer
specifications of the adjustment costs structure are needed to describe the
dynamics of factor demand. An increasing literature shows that adjustment
dynamics are indeed characterised by intermittency and lumpiness. The ev-
idence ranges from statistical analysis providing stylised facts of micro-level
adjustment (e.g. Doms and Dunne (1998)), to the finding that non-linear ad-
justment models derived from structural optimisation problems give a better
description of factor demand dynamics than linear models of adjustment.' It
should be noted though that strictly convex costs per se do not need to be
abandoned. There may be some aspects of the adjustment processes of cap-
ital and labour that urge firms to spread, and a strictly convex adjustment
costs component can serve as a suitable device to model these. From the
recent literature, however, it i more than clear that strictly convex adjust-
ment costs alone do not yield an appropriate description of factor demancd
dynamics at the micro-level.

An important topic that has not received much attention in this context
is how factors of production are interrelated. While there ig a large liter-
ature that analyses the dynamic interrelation between input factors using
linear systems of equations (starting with the seminal paper by Nadiri and
Rosen (1969)), the literature on non-linear factor demand has confined it-

self to studies on the demand for a single factor. An interesting theoretical

IThis literature is reviewed in Chapter 2.



Chapter I

contribution by Abel and Eberly (1998) shows that neglecting the mutual
dependence of decigions on factor adjustment can yield spuricus conclusions
shout what drives the underlying dynamics. In their two-factor model ene
input {interpreted as capital) is subject to fixed adjustment costs, while the
other (interpreted as labour) incurs no adjustment costs {that is, it is ‘fully
flexible’). Capital and labour are interrelated through the production func-
tion. Abel and Eberly show that labour is adjusted in a non-linear way even
though it is fully flexible. In line with the traditional literature on interrelated
factor demand, they remark that this finding “casts doubt on any attempts
to measure the costs of adjusting employment simply by focusing on the
behaviour of employment without looking at other factors of production.”
Although the model that they consider is stylised, this is an intuitive and
economically sensible point. Because firms are likely not to adjust factors
of production independently, it is important to consider the consequences of
adjusting one factor for the dynamics of the other.

The aim of this thesis is to contribute to the understanding of the dynam-
ics of firm investment and labour adjustment. The focus is twofold. Firstly,
the non-linear nature of factor dynamics, resulting from non-convex adjust-
ment costs, is investigated. To achieve this, statistical evidence is presented
and theoretical models of adjustment are tested and evaluated with data for
the Dutch manufacturing sector. The second main theme is to investigate the
interrelation between capital and labour in the context of non-convexities.
As mentioned above, this is a potentially important aspect that sofar has
received little attention. The analysis of the economic models in this thesis,
specifically in Chapters 5 to 7, relies on recently developed econometric tech-
niques, in particular from the literature on estimation and inference in linear
and non-linear dynamic panel data models. In most cases, the application of
these techniques has not been considered within the factor demand literature.

The thesis is written in such a way that each chapter can in principle
be read independently from the rest. However, Chapter 2 provides the gen-

eral theoretical framework, and Chapter 3 an extensive statistical analysis
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of the data, to which the subsequent chapters oceasionally vefer. Chapter 2
presents a survey of theoretical models of dynamic factor demand, and the
existing empirical evidence on the existence of non-convexities at the micro-
level. First, the traditional Q model and Euler equation are derived, which
provides an introduction to the main issues in factor demand modelling, cen-
tral concepts, and notation. Subsequently, non-convex adjustment costs are
introduced, and empirical research using non-linear extensions of the  ap-
proach and the Buler equation are discussed. In addition, some attention is
paid to two alternative approaches, namely the so-called ‘gap approach’ and
simulation based inference.

Next, in Chapter 3 an extensive preliminary analysis of the data is carried
out in order to find statistical support for the two main themes of this thesis.
Throughout the thesis, data for the Dutch manufacturing sector at the Cen-
ter for Research of Economic Microdata (CEREM) at Statistics Netherlands
(CBS) are used. The available data are the Investment Statistics (IS) and
Production Statistics (PS) for the years 1978 to 2000. For various reasons,
each individual chapter uses a different subsample of the data. The results of
the analysis in Chapter 3, however, give a representative image of the statis-
tical features of factor demand dynamics in the Dutch manufacturing sector.
First, the existence and extent of lumpy and intermittent adjustment is doc-
umented using descriptive statistical analysis along the lines of other studies
on this phenomenon. In addition, statistical evidence for the interrelation
between capital and labour in the context of lumpiness is provided. Finally,
the relation between aggregate dynamics and lumpiness is considered.

Chapter 4 extends the statistical analysis of interrelation in Chapter 3
to include dynamics. It is investigated how an input factor is adjusted if the
other input factor exhibits an adjustment spike in the previous, current or
next year. Linear reduced form panel data models are estimated, relating
the adjustment of a factor to the timing of an adjustment lump, or ‘spike’,
in the other factor. This approach allows to investigate in a simple way the

dynamic relation between factor adjustment and the incidence of lumps in
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another input. The chapter has been published in Economics Letters.?

The remaining chapters all employ structural models of adjustment that
are explicitly derived from the assumption that firms pursue profit maximi-
gation. This allows the identification of structural parameters that govern
the dynamics of adjustment. Chapter 5 investigates the suggestion by Abel
and Eberly (1998) that non-linear employment dynamics can arise due to in-
terrelation, even without non-convex labour adjustment costs. It is assumed
that investment is subject to non-convexities but that labour adjustment
faces only strictly convex costs. A non-linear model is derived for invest-
ment, whereas labour adjustment is described by a linear model. The strue-
ture of the empirical model is such that lumpy employment dynamics can
arise only if there are large changes in labour productivity. Thus, it is in-
vestigated whether investment lumps lead to jumps in labour productivity,
and how labour adjustment vesponds to these jumps. The system of factor
demand equations is estimated simultaneously with the production function
as & system of Seemingly Unrelated Regressions (SUR), allowing for contem-
poraneous correlation of the disturbances across equations as well as firm-
specific effects. However, the investment equation contains an endogenous
threshold for non-zero investment, which is estimated in a preceding step. To
my knowledge this is the flirst study to consider simultaneous estimation of
the factor demand equations where the demand for one of the factors is sub-
ject to non-convexities, and both factors are costly to adjust. To investigate
the impact of investment on employment dynamics, the effect of diffsrent
economic shocks to the system is analysed by means of an impulse response
analysis. Because of the non-linear nature of the investment equation, how-
ever, traditional impulse response analysis is unsuitable, and the Generalised
Impulse Response Function (GIRF) approach recently suggested by Koop,
Pesaran, and Potter (1996) is used.

In Chapter 6 a comparison of the German and Dutch manufacturing sec-

tor is carried out. For this purpoese additional firm-level data from the Centre

2Zee Letterie, Pfann, and Polder (2004).
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for European Economic Research {ZEW), Mannheim, is used. Of central in-
terest in this chapter is the influence of the institutional setting on factor
demand dynamics at the micro-level. In particular, it is argued that while
conditions for investment are similar in Germany and the Netherlands, the
German labour market is more strictly regulated. Dutch firms can rely on
more flexible arrangements with respect to part-time and temporary work,
and there is less influence of labour unions in the Netherlands. As a con-
sequence, German firms are less flexible in adjusting the employment level
than Dutch firms. With this motivation, capital and labour adjustment dy-
namics in the Netherlands and Germany ave investigated, paying specific
attention to whether there is any evidence that the institutional differences
are reflected in the firm-level decisions regarding dynamic factor demand.
The conditions for optimal adjustment provide the moment restrictions that
can be exploited for Generalised Method of Moments {GMM) estimation.
The theoretical model in this chapter includes interrelated adjustment costs,
which allows for possible cost efficiencies when adjusting capital and labour
simultaneously. A firm may want to synchronise the timing of the adjust-
ment to the different factors, for instance to reduce the time of disruption to
the production process. Attempts to identify this type of costs using micro-
data are rare. In addition, in the presence of non-convexities, the estimating
equations are only valid for the subsample of observations where adjustment
is non-zero. Thus, only this subsample is used in the estimations. However,
selection is potentially endogenous in this case, which may invalidate the es-
timation method. Therefore, by means of a Heckman two-step approach, a
pragmatic robustness check is carried out for whether the resulté are subject
to non-random selection.

One of the main reasons for studying factor demand dynamics is the inter-
est in how fast firms can adapt to changing economic circumstances. Knowl-
edge about the adjustment speed is of key importance te policies aimed at
directing the demand for factors of production. While there is strong evidence

for the non-linear dynamics of capital and employment in the micro-economic
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literature, the implications for the aggregate dynamics is the subject of an
interesting debate. Macro-economic research often relies on linear time-series
models to éstimate the speed of adjustment of economic variables to policy
changes and other economic shocks. The idea is that linear partial adjust-
ment models provide a useful approximation to the actual dynamics, as non-
linearities at the micro-level ‘smooth out’ with aggregation. It can, however,
be shown that the estimates obtained for the adjustment speed from aggre-
gate data using a linear partial-adjustment model are subject to a severe bias
(Caballero and Engel 2004). Within the framework of the partial adjustment
model it is shown in Chapter 7 that there is a problem of selection similar to
that in Chapter 6. As discussed there, the estimating equation only applies to
the subsample of observations where adjustment is non-zero, and estimation
based on this subsample is subject to non-random selection. While this is the
topic of ongoing research (Arellano and Honore 2001), techniques to control
for this bias in dynamic panel data models with endogenous regressors and
this particular type of censoring are not available. However, under some (re-
strictive) assumptions, the partial adjustment model can be written as an
AR(1) panel data model, thus eliminating the problem of endogenocus regres-
sors. For this model it is possible to control for selection using an Asymptotic
Least Squares precedure proposed by Arellano, Bover, and Labeaga (1999).
The estimated adjustment speed from this procedure is compared to that ob-
tained from more aggregated data, and from estimation without correcting
for selection.

The main findings of the thesis are summarised in Chapter 8, along with

some directions in which future resesrch could head.









Chapter 2

A survey of non-linear dynamic
factor demand models and

empirical evidence

2.1 Introduction

Economies of scale play an important role in the investment in turbogenera-
tors by electric utility firms. This is the conclusion reached by Peck (1974) in
a case study of the electric utility industry, analysing data on 15 individual
firms. According to this study, investment in turbogenerators is intermit-
tent and lumpy, and cannot be appropriately described with a distributed
lag model. While Rothschild (1971) already shows that such adjustment be-
haviour is implied by a theoretical model of dynamic factor demand with
non-convex adjustment costs, the study by Peck is probably the first empir-
ical study to provide evidence on the relevance of these costs in firm-level
investment decisions, and question the appropriateness of a linear model to
describe investment dynamics.

Despite this remarkable early contribution, the literature on factor de-
mand continued to be dominated by linear models for almost two more

decades. This can be partly explained by the fact that most of the research
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was based on aggregate (sectoral, or economy-wide) data. Aggregation masks
fen-linearities at the firm-level and makes adjustment appear to be smooth.
Therefore, the need to consider more general models of dynamic adjustment
was not recognised. However, thirty years after Rothschild and Peck, the view
that the adjustment of physical capital occurs in lumps has prevailed: the
increasing availability of micro-data has undeniably confirmed the non-linear
dynamics of investment. In addition, the same arguments that explain non-
linearity for investment apply to the adjustment of the employment level, and
there is aled clear empirical evidence that this production factor is adjusted
in a lumpy faghion.

This chapter surveys empirical research that uses micro-data to inves-
tigate lumpy investment and labour adjustment behaviour. The literature
using linear adjustment models or aggregate data is not considered in de-
tail.'! Nevertheless, the next section starts with a discussion of two popular
linear models for factor adjustment, the @ model and the Buler eguation.
This allows to introduce some central concepts and notation. Next, Section
2.4 shows how the Q model can be extended to account for non-convexities,
as proposed by Abel and Eberly (1994). Section 2.5 shows how the Euler
equation approach can be modified to account for non-convex adjustment
costs. Both Section 2.4 and 2.5 review various prominent empirical studies in
the flelds of investment and labour demand that have used these approaches.
In Section 2.6 two alternative approaches to modelling non-linearities are
discussed: the ‘gap’ approach and simulation based inference. The chapter is
concluded by Section 2.7, which gives a brief discussion of how the individual

chapters of this thesis are related to the existing literature.

"For this, see the surveys by Nickell {1986) and Hamermesh (1993) for labour demand
madels, and Chirinko (1993) and Cabaliero {1999) on investment.
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2.2 Linear models of adjustment

The unit of analysis is the firm, or a subdivision of it deciding independently
on investment and labour adjustment. For convenience all units will be re-
ferred to as ‘firms’. The goal of the firm is to maximise the future stream
of net profits by optimally choosing the level of investment (I;) and labour
adjustment (H;).? Net profits in year ¢ are given by (assuming that all other

input factors have been maximised out)

ﬂ‘a.(') == R‘(Am K, Lt) = pdy — wy by — C(In Hy, Ky, LLM‘J) (2'13

where m; are net profits in year ¢; R(-) is the production function;* C'(-) is the
costs of adjustment;® K, and L, denote respectively the firm’s capital stock
and employment level; p, is the price of capital goods; w, is the total labour
costs per worker; and A; is a stochastic shock to the production function.
Note that there is no distinction between different types of capital or workers.
Prices per unit of capital or labour costs per worker should therefore be
interpreted as an average or index over all types of the concerning input,

The natural motion of capital is given by

Ky ={1-8K._1+1I (2.2
with & & constant depreciation rate. The fact that [; enters the capital stock
reflects the assumption that capital becomes immediately productive. This
assumption is necessarily ad hoe, but not unimportant for the ultimate dy-
namics of capital in the model. In contrast, some studies assume that there is
a one-period lag before newly installed capital becomes productive, by letting
Iy instead of I, enter capital stock. This assumption relates to the time-to-

build aspect of installing new capital, see Kydland and Prescott (1982). As

2As usual, this theoretical model is simplified in many ways. For example, borrowing
constraints, taxes, incentive problems, risk aversion are implicitly assumed away here.

3 As noted by Bond and Van Reenen (2002), R(') is most realistically interpreted as a
function for value added rather than gross output.

4The adjustment cost function is sometimes specified with current capital stock and
employment mstead of lagged stock variables (see below).
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mentioned above, the firm’s eapital stock considered here is an aggregate of
various types. Any timing assumption may apply more to one type of capital
than to another, In addition, the length of an actual period in the model is
also an issue: some types of capital may not be productive after a quarter of
& year, but may become operational within a year. For reasons of exposition
alone, equation (2.2) is maintained in this discussion.

In & similar vein, it can be argued that employment is subject to natural

motion due to quits and other reasons for separation by workers. That is,

L[; = (1 — T)‘L(}_;{ + IL]{ (23)

where 7 i8 a constant separation rate. However, as data on gross worker
flows are often rot available, it is usually assumed that the firm decides on
net labour adjustment, that is Hy = Ly — L;.y. Because in the data used in
thig thesis also only net employment changes are observed, the derivations
below are also based on this definition of H;.8

Adjustment costs, as represented by C{(-), embody the costs of adjusting
factor inputs in addition to ‘direct’ costs, that is the investment outlay in
the case of capital, and additional wage and other labour costs in the case
of employment. For capital, one can think of costs associated with instal-
lation activities, search costs, the need to retrain workers, and the need to
temporarily close or cut down production activities. For employment, ad-
justment costs arise from search and recruitment activities, from training or
on-the-job learning, explicit firing costs due to dismissal protection, and so
on% Adjustment costs bring a dynamic quality to the firm’s factor demand
decisions. In the absence of adjustment costs, firms would adjust factor de-
mand immediately to & new equilibrium in response to an economic shock.
This, however, is at odds with the empirical finding that adjustment tends to

be sluggish. The assumption that adjustment is costly captures the fact that

SUnless net and gross hiring are the same (i.e. the separation rate is zero), however,
this creates an asymmetry in the treatment of capital and employment,

%See Hamermesh and Plann (1996) for an extensive survey of the adjustment costs
literature.



Non-linear dynamic factor demand models 15

adapting to changing economic conditions is in general not instantaneous.

The firm’s optimisation problem can be stated as

20
Vi{Apr, Kooy, Liy) =  max Z ,ﬁ's“tE[m(‘-}mm_«l] {2.4)
{Ne{Hyye

Fu=t

where V' is the value of the firm given the state wariables 4,_;, Ky and
Ly, the information available at the time of decision making is denoted by
€1, and @ is a constant discount factor. The problem can be reformulated

more concisely using Bellman's equation, or recursive functional,

V(A Koy L) = max Efm () + BV ( Ay, Ky, L) {1 ] (2.5)

This formulation reduces the control variables to I, and H; by collapsing all
decisions made after period t into one single forward-looking expectation,
namely the second term on the right-hand side of {2.5).

When all relevant functions are differentiable, the first-order conditions

for problem (2.5) are given by

°c  8C OR  OE[V(A, K L)|]

el _= (2.
arter T T ok, TP oK, (26)
ac  ac BR  OBV(Ay Ky L[]

9 9C - oL . 9.7
oH TaL W < g, A oL, (2.7)

These equations show that at the optimum the marginal costs of an additional
unit of input are equated to the marginal benefits.

For its analytical convenience, a quadratic specification has been by far
the most popular functional form for adjustment costs. In particular, a fre-

quently encountered specification is due to Summers (1981}

A2
Ceopllt, K1) = 1; (Iﬂi.) Ky (2.8)

where ~ reflects the adjustment speed of capital. A similar adjustment costs

function can be specified for labour,
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"t = __‘HLEL 2.9)
‘C’iab\HLa Li—'&) = “5“ L[-}l i—1 (“"

If there are no interrelated adjustment costs, total adjustment costs are given
by C = Ceap + Ciap. The additive separability of C in principle allows for the
separate analysis of capital and employment. Note that with this specification
of adjustment costs the second term on the left-hand side in both first-order
conditions (L.e. 8C/8K, and AC/IL,) is zero. Alternatively, the investment
rate can be defined as I,/ K, so that this term is not eliminated, as in Section

2.5.

2.2.1 The Q model

The main problem with the estimation of the first-order conditions (2.6) and
(2.7) is posed by the unobservable expectation terms. However, as noted
by Hayashi (1982), with adjustment costs given by {2.8) and denoting the

right-hand side of {2.6) by ¢, the investment equation can be writben

aC/ 0, = (L, /K1) G-
& (L/Kin) = (/wdla—p) (2.10)
(1/ve)pi(qe/pe — 1)

i

it

where ¢,/p; 18 known as ‘marginal ¢, the ratio of the marginal value of an
additional unit of capital to purchase costs. Hayashi (1982) also presents con-
ditions under which marginal ¢ can be replaced by average {(or Tobin’s) ¢,
which is the ratio of the value of the firm to the replacement value of its capi-
tal stock.” Thus, under the Hayashi conditions, g,/p; = @y = V;/ K1, where
Gy 1s average g. If prices are roughly constant over time, ¢, is a sufficient
statistic for investment. This gives rise to the popular Q model for invest-

ment. The value of the firm is usually obtained from stock market data, which

The Hayashi conditions imply that there is perfect competition, the production func-
tion has constant returns to scale, and that adjustment costs are convex.
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involves the additional assumption of an efficient stock market. In the ab-
sence of stock market data, which is often the case in data sets with smaller
firms, average ¢ is often replaced by a proxy based on the sales-capital ratio,
see e.g. Gilchrist and Himmelberg (1995) and Nilsen and Schiantarelli (2003).
Alternatively, Abel and Blanchard {1986) suggest to estimabe marginal g it-
self.

2.2.2 The Euler equation

Another approach to solve the problem of the unobserved expectations is to
estimate the Euler equation. For convenience, K,_, is usually replaced with
K, in the adjustment cost function [(2.8) with this approach. Similarly, L,

replaces L, ; in (2.9).® Thus, adjustment costs are redefined as

I
Cﬁ:ﬁlp(lts Kf) - (1{2) I(l (21])
. H, .
Crav(Hy, L) = (] t) L. (2.12)
]

Like before, total adjustment costs are given by C = Cgap + Clap. Using
the envelope theorem, it can be shown that E[OV (A, Ky, L)/OK,] = (1 -
8)E[0C41/81141 + pray], and likewise for labour.? Using this in (2.6) and
(2.7), it follows that!?

8C; ac, ‘ AR, _ [0, ] ) )
EiA -+ EHQN P oK, B(1-0)E [CHH b Pt ] (2.13)
aCl ‘6‘01 L 01{5 . OC 1 o
_{af_ﬂ + m:;- - Wy (9[/1 = dL« l:d}[, ; A UJ,,H] . (2.14)

These Euler equations are intertemporal optimality conditions such that

(net) marginal costs in period ¢ equal {expected) discounted marginal costs

#This specification of adjustment costs has the advantage that it allows to formulate
the ultimate estimating equation as an ordinary dynamic regression.

9For parsimony in the notation, the conditioning on £, is suppressed here.

0T he functions are indexed to refer to the pertinent period.
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in period t+ 1. For example, with Cegp as in (2.11}, and a Cobb-Douglas pro-
duction function R(-) = Y, = A K *L{, the Euler equation for investment

becomes

2
JTn 1 _I[ L w (LN _ Y o sp ﬂ
E’[KJ ‘ﬂ"“"“m 2 (m g, TR A = 0)Elpus]

where 1 = Fvi(1 — §). The parameters can be estimated by replacing the
expectations for next period with their realisation. Under rational expecta-
tions, this creates a forecast error €., that is orthogonal to all available
information at the time of decision making, i.e. Elg,s1[f%-1] = 0. Thus, any
variable in the information set {3, is orthogonal to the disturbance, and
these restrictions can be exploited for parameter identification in a General-
ized Method of Moments (GMM) setting, as first suggested by Hansen (1982)
and Hansen and Singleton (1982).

2.3 Alternative adjustment costs structures

The Q model and the Euler equation are based on the assumption of quadratic
adjustment costs. As pointed out in Chapter 1, this specification is restric-
tive in a number of ways. Most importantly, the fact that marginal costs
depend on the size of adjustment implies that non-zero adjustment is al-
ways optimal.*! That is, the adjustment size can always be chosen such that
marginal costs equal marginal benefits. The possibility of inaction is there-
fore infinitesimal. In addition, because marginal costs are increasing in the
size of adjustment, it is less costly to spread adjustment over time than to
concentrate adjustment in a short period. Thus, this specification predicts
that firms adjust smoothly towards a new equilibrium. Finally, because of
the symmetry of the quadratic function, negative and positive adjustments

are assumed to be equally costly.

MStrictly speaking, it is not impossible that inaction occurs, but its probability is in-
finitesimal.


























































































































































































































































































































































































































































































































