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Abstract

How important are financing constraints in explaining the cyclical behaviour of invest-
ment? How do they affect the investment responses to macroeconomic shocks? This
thesis answers these questions by developing a structural model of investment with financ-
ing and irreversibility constraints and by analysing its implications both theoretically and
empirically.

After briefly reviewing the recent advancements of the investment literature in chapter
1, in chapter 2 we present a preliminary empirical analysis of the links between financial
structure and firm dynamics. In chapter 3 we develop a basic structural model which analy-
ses optimal investment and saving choices of entrepreneurs in the presence of uncertainty
as well as of financing constraints. We show that future expected financing constraints
generate a precautionary saving behaviour which affects the optimal allocation between
risky investment and saving.

In chapter 4 we extend the basic model to include both fixed and variable capital as
well as financing constraints and irreversibility of fixed capital. We show that the inter-
actions between financing and irreversibility constraints amplify the effects of financing
constraints on the cyclical fluctuations of investment and production. This interaction
together with the precautionary saving behaviour is essential in explaining a number of
stylised facts about investment dynamics: i) aggregate inventory investment is very volatile
and procyclical, especially in recessions; ii) it leads the business cycle, while fixed capital
investment lags it; iii) fixed and especially inventory investment are sensitive to net worth;
iv) output and inventories are more volatile and procyclical for small firms than for large
ones.

In chapter 5 we verify empirically the theoretical results derived in chapter 4. We use
our panel of balance sheet data on Italian manufacturing firms to test and not reject the
financing constraints hypothesis. This hypothesis is also strongly supported by the direct
qualitative information about the problems faced by the entrepreneurs in financing new
investment projects.
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Introduction

In order to explain the aggregate behaviour of investment and production, it is impor-
tant to understand the factors that determine the investment decisions at firms level. Most
of the neoclassical investment theory studies the determinants of the investment in fixed
capital, like plants and equipment. A common feature of these studies is the difficulty in
explaining the cyclical movements of aggregate investment: they predict that fixed invest-
ment should be driven by the cost of capital and by the expected marginal profitability
of capital. However in practice both factors explain only a small fraction of investment,
while measures of liquidity and cash flow have a much higher explanatory power.

Some authors argue that financial factors may be important in explaining these phe-
nomena. Financial conditions may affect the ability of firms to invest when financiers are
unwilling to fund their profitable investment opportunities. This could happen because
once the funds have been handed to the firms, contractual and/or informational problems
may prevent the financiers appropriating their share of the revenues from the investment’s
output. But if firms are unable to raise external financing, they only invest when internally
generated funds become available. A literature started by Fazzari, Hubbard and Petersen
(1988) shows that this seems to be the case: investment is significantly correlated with
proxies for changes in net worth or internal funds, and such correlation is most important
for firms likely to face capital-market imperfections.

The first motivation of this thesis is the consideration that the majority of these studies
focus on the estimation of the reduced form investment equation, without explicitly solving
the structural model. This reduced form approach is subject to the Kaplan and Zingales
(1997) critique: there is no theoretical support for the claim that the cash flow-investment
sensitivity is monotonously increasing in the intensity of financing constraints. This implies
that such empirical evidence is not conclusive, because the criteria used in these studies to
select firms ”"more likely to face capital-markets imperfections” are themselves arbitrary.
More importantly, the reduced form approach cannot answer the main questions: how
important are the financing constraints in explaining the cyclical behaviour of investment?
How do they affect the investment responses to macroeconomic shocks?

The second motivation of this thesis is the consideration that the investment litera-



ture analyses separately fixed capital investment and inventory investment. This approach
makes it difficult to explain a series of stylised facts about investment: i) aggregate inven-
tory investment is very volatile and procyclical; ii) its decline accounts for a large part of
the GDP decline in recessions iii) it is contemporarily correlated with sales; iv) it leads the
business cycle, while fixed capital investment lags it; v) output and inventories are more
volatile and procyclical for small firms than for large ones.

Our thesis answers these questions by developing a structural theory of investment
in both fixed capital and variable capital in the presence of financing constraints and
irreversibility of fixed capital, and by analysing its implications both theoretically and
empirically.

In chapter 3 we develop a simple structural model of investment with financing con-
straints! where the entrepreneur has the opportunity to invest either in a risky technology
that requires physical capital or in safe financial assets. Because of an enforceability prob-

2 can obtain external financing only if she secures it with collateral.

lem, the entrepreneur
The only collateral accepted by the lenders is the physical capital used in the production.
Because capital depreciates and only its residual value after production is valuable as
collateral, the entrepreneur needs some downpayment to finance her investment. There-
fore her borrowing capacity depends on her financial wealth, which is endogenous being
a function of past investment, saving and consumption decisions. We determine the con-
ditions under which, because of the uncertainty about productivity, the entrepreneur has
a positive probability of facing future financing constraints. When this happens, the en-
trepreneur keeps some financial assets, or spare borrowing capacity, as a precautionary
saving motive. The amount of this precautionary saving is proportional to the intensity
of future expected financing constraints.

This precautionary saving is important because it affects the allocation of wealth be-

tween investment and saving: the more the entrepreneur is likely to face future financing

constraints, the more she reduces the investment in the risky technology to increase her

'Other recent works in this direction by Gross (1994) and Cooley, Marimon and Quadrini (2000) are
briefly revewed in chapter 1.

?We use in this thesis the term ”entrepreneur” rather than ”firm”. However the maximising agent in
our models can be interpreted either as an entrepreneural household or as the management of a firm.
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holding of safe assets. This implies that financing constraints may be quantitatively im-
portant for aggregate investment dynamics even if only a small share of entrepreneurs
face binding financing constraints at any point in time. For example a macroeconomic
shock which reduces the net worth of all entrepreneurs would also on average increase
their precautionary saving and hence reduce their risky investment.

Moreover by engaging in precautionary saving entrepreneurs prevent the financing con-
straint from binding in most states of nature. We show that this implies that investment
can be more sensitive to internal finance in response to future expected financing con-
straints rather than to current ones. In this sense our theoretical analysis supports the
Kaplan and Zingales (1997) critique that the correlation between investment and cash
flow is not monotonously increasing in the intensity of financing constraints. However it
also provides a new interpretation of their empirical findings. Kaplan and Zingales (1997)
find that the investment-cash flow correlation is stronger for firms which are profitable
and financially very wealthy than for firms that are less profitable and more levered®. Our
analysis in chapter 3 shows that this is consistent with the view that cash flow-investment
sensitivities are related to future expected financing constraints. We compare two identical
entrepreneurs subject to different realisations of their productivity shocks: a productive
and profitable entrepreneur who increases her financial wealth and reduces her borrowing
and an unproductive loss making one who decreases her financial wealth and increases
her borrowing. In both cases investment is sensitive to cash flow and in both cases the
sensitivity is determined by the change in future expected financing constraints.

We also simulate a simple aggregate partial equilibrium economy to show that the pre-
cautionary saving effect implies large fluctuations of capital in response to macroeconomic
shocks. This is especially true for entrepreneurs with smaller businesses, because the het-
erogeneity of entrepreneurs with respect to their net worth implies that smaller businesses
are on average more financially constrained, even though all are ex ante identical regarding
their ability to access external finance. This is because small entrepreneurs tend to have
smaller net worth relative to output, either because they have younger growing businesses,

or because they became small after experiencing recent low productive periods.

3Similar evidence is produced by Cleary (1999), who studies a larger sample of 1317 US firms.
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The formalisation of the precautionary saving effect and of its consequences for aggre-
gate investment is an original contribution of this thesis*. In fact precautionary saving
has been extensively studied in consumption literature as an important determinant of
the intertemporal consumption allocation, but no study analyses its effects on investment
decisions. The importance of this analysis is confirmed by a recent empirical work by
Hubbard and Gentry (2000), which finds evidence of a higher amount of precautionary
saving of entrepreneurial households with respect to non entrepreneurial ones.

The model developed in chapter 3 is the basis for the analysis in chapter 4, which is
the main theoretical contribution of this thesis. In chapter 4 we extend the basic model by
considering an environment in which entrepreneurs have access to a multifactor technology
with both fixed and variable capital and cannot sell fixed capital without liquidating their
whole business. This extended model allows us to examine how the interaction between
fixed capital investment, variable investment and saving of financial assets leads to rich
dynamics when fixed capital investment is irreversible and the firm is subject to financing
constraints. In particular, we show that the effects of financing imperfections on investment
are amplified by the presence of irreversibility of fixed capital.

The intuition is that, when fixed capital is irreversible, the entrepreneur knows that
in the case of an economic downturn it will take some time to reduce the stock of fixed
capital to the new optimal level. During the adjustment period expected profits drop
and the expected rate of wealth accumulation drops as well relatively to a situation where
fixed capital is reversible. As a result the entrepreneur has a higher chance of facing future
financing constraints: i) if the contraction period is long enough, then the drop in wealth
can be so severe that she does not have enough funds to invest in variable capital; ii) if
the contraction period ends, she will have not enough resources to invest in both fixed and
variable capital and will be financially constrained for some time. In order to compensate
these higher costs of future expected financing constraints, the entrepreneur engages in
precautionary saving ex ante, more than she would have done with reversible fixed capital.

We explicitly solve and obtain the policy functions of the dynamic investment prob-

“A similar effect is studied by Gross (1994), even though in a different theoretical setting. However he
mainly focuses on the consequences for firms financial policy rather than for aggregate investment.
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lem and derive the consequences of financing an irreversibility constraints for aggregate
investment dynamics. We simulate an artificial economy with heterogeneous entrepre-
neurs and with both idiosyncratic and aggregate uncertainty®. The amplification effect
described before implies not only that the precautionary saving effect is stronger, but also
that during downturns it mainly affects variable capital, fixed capital being irreversible.
Because we assume a time lag for the investment to produce output, changes in the level
of variable capital in the model can be interpreted as investment in input inventories,
such as raw materials and work in progress. Thus our model explains the high volatil-
ity and procyclicality of inventories: ” Changes in business inventories, which constitute
but a small fraction of total GDP, account for one-fourth of the cyclical movements in
GDP” in the US. (Stock and Watson (1998)). Ramey (1989), Blinder and Maccini (1991)
and Ramey and West (1999) show that this is especially true during recessions, when the
drop in inventory investment accounts for a large part of the GDP decline. They also
provide evidence in support of our approach to model inventories as a production factor,

6 are quantitatively more important and

because they emphasise that input inventories
more volatile than finished goods inventories.

Our model can also explain why inventories are contemporaneously correlated with
sales (Ramey and West (1999)) and very sensitive to financial conditions: US data show
that " inventory investment for small firms absorb from 15% to 40% of cash flow fluctua-
tions” (Carpenter, Fazzari and Petersen, 1998).

In our artificial economy aggregate uncertainty is given by a combination of recurrent
transitory and persistent aggregate shocks that generate an exogenous stochastic business
cycle. This means that the cross-sectional distribution of net worth and fixed capital
among entrepreneurs is determined by both idiosyncratic and aggregate uncertainty and

it affects the way aggregate output and investment react to aggregate shocks.

In particular the heterogeneity of entrepreneurs with respect to fixed capital together

®This methodology is analogous to the one adopted by some authors in the nonconvex adjustment cost
literature (see for example Bertola and Caballero (1994) and Caballero, Hengel and Haltiwanger (1995),
reviewed in chapter 1), which in the past decade has been very successful in providing a microfoundation
of the observed nonlinearities in fixed investment dynamics. In this respect our model can be considered an
extension to this literature, since we show that the interactions between the two problems are important
in explaining the stylised facts about not only fixed capital but also variable capital investment dynamics.
5Raw materials and work in progress.
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with the fact that precautionary saving effect affects variable capital implies that aggregate
fixed investment has a lagged reaction to persistent shocks, which affect variable capital
first. This helps to explain why inventory investment leads the business cycle, while fixed
investment lags it (Stock and Watson, 1998). Moreover the heterogeneity of entrepreneurs
with respect to their net worth, which implies that smaller businesses are on average more
financially constrained, explains why small firms are more procyclical than large ones in
inventories, output, and short term debt (Bernanke, Gertler and Gilchrist, 1996).

Chapter 5 examines empirically the implications of the model analysed in chapter 4, by
developing a new procedure to detect the presence of financing constraints at firm level.
The motivation for this empirical analysis is twofold: first, we verify that the data do
not reject the financing constraints hypothesis, which is essential for the aggregate results
derived in chapter 4. Second, we show that our method is more efficient than the cash
flow-investment correlation in detecting financing constraints at firm level.

The model developed in chapter 4 implies that, because variable capital investment
is reversible, the ”premium” of expected marginal productivity over user cost of variable
capital reflects the tightness of current and future expected financing constraints. We
call this premium the ”excess” expected marginal productivity of variable capital. More
specifically the financing constraints hypothesis implies that this premium is monotonously
decreasing in the financial wealth of the entrepreneurs, conditional on fixed capital stock
and productivity shock. We test this hypothesis by estimating empirical measures of the
productivity shocks and of the expected marginal productivity of variable capital.

This test has two important properties: i) it is based on an indicator which, according
to our structural theory, is monotonously increasing in the intensity financing constraints.
Therefore it is robust to the Kaplan and Zingales critique mentioned before; ii) it main-
tains its power of discriminating the financing constraints hypothesis from the perfect
markets hypothesis in the presence of two potential misspecification problems: the pres-
ence of convex adjustment costs and the misspecification of the stochastic process for the
productivity shock. This is because we argue that in the presence of these two problems
the test is biased towards "rejecting the financing constraints hypothesis when it is true”

rather than ”accepting it when it is false”.
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These properties make our test more efficient than the tests based on the cash flow-
investment correlation. In fact, as we argued before, both the Kaplan and Zingales cri-
tique and our analysis in chapter 3 argue that there is no theoretical foundation for the
monotonous relationship between the cash flow-investment correlation and the intensity of
financing constraints. Moreover the cash flow-investment correlation is likely to be biased
upwards when future expected profitability is not properly estimated. This is because
cash flow is very sensitive to current profitability, which in turn is correlated to future ex-
pected profitability. Therefore the positive cash flow-investment correlation could simply
be caused by the fact that the former absorbs the positive effect of the unobserved future
expected profitability on the latter. This empirical problem can explain why many authors
(including Fazzari, Hubbard and Petersen (1988) and Kaplan and Zingales (1997)) esti-
mate positive cash flow coefficients for very large firms. Such firms have direct access to
equity and bond markets, and it is very difficult to argue that they can be financially con-
strained, in the sense of being unable to obtain external financing for profitable investment
opportunities.

We use the balance sheet information on a panel data of 561 Italian manufacturing
firms for 11 years to estimate the excess expected marginal productivity of variable capital
for each firm-year observation. A unique feature of our dataset is the availability, for the
same firms, of a rich survey with qualitative information about their financial decisions and
especially about the financing problems they faced in funding investment. This information
is a direct proxy for financing constraints, unique in the empirical investment literature.
We use it to show that the value of our indicator of financing constraints, the excess
expected marginal productivity of variable capital, is strongly positively correlated with
the likelihood that the entrepreneurs state financing problems. We then use the estimated
indicator to verify the prediction of the model, and we show that the test does not reject
the financing constraints hypothesis for all the firms in the sample but the larger ones.

The thesis is organised as follows: chapter 1 briefly reviews the recent advancements
in the investment literature. Chapter 2 proposes a preliminary empirical analysis of our
dataset of Italian firms, using both qualitative and quantitative information. Chapter 3

illustrates and solves the basic theoretical framework with financing imperfections and
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discusses the implications of current and future expected financing constraints for firm
level and aggregate investment. Chapter 4 illustrates and solves the extended model with
both fixed and variable capital and both financing and irreversibility constraints. We
discuss the qualitative features of the solution and calibrate an artificial economy with
many entrepreneurs to study the effects of financing and irreversibility constraints on the
cyclical fluctuations of output and investment. Chapter 5 illustrates the empirical test of
our theory. We combine qualitative and quantitative information to test and not reject

the financing constraints hypothesis.
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Chapter 1

A selected review of investment

theory

1.1 Introduction

Comprehensive reviews of the recent advancements in investment theory are already
present in the literature. In particular, Caballero (1997) focuses mainly on the recent
contributions concerning the investment theory with nonconvex adjustment costs, and
Hubbard (1998) considers the literature about capital market imperfections and invest-
ment. Therefore this chapter simply provides a brief overview of these two literatures,
emphasising their achievements as well as their limits, in order to motivate the empirical
and theoretical analysis proposed in this thesis.

As Caballero (1997) points out, both literatures are based on the consideration that
"the quintessential problem of investment is that it is almost always sunk, possibly along
many dimensions. That is, the number of possible uses of resources is reduced dramatically
once they have been committed or tailored to a specific project or use [...]. To invest often
means opening a vulnerable flank. Funds which were ex-ante protected against certain re-
alisation of firm or industry specific shocks, for example, are no longer so”. The literature
about non convex adjustment costs considers physical barriers to investment, while the
literature about capital markets imperfections considers problems which limit the willing-
ness of financiers to fund profitable investment opportunities: once the funds have been

handed to the entrepreneurs, contractual and/or informational problems may prevent the
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financiers to appropriate their share of the revenues from the investment’s output.

Since both approaches focus mainly on fixed investment, in the last section of this
chapter we briefly review the empirical literature about inventory investment, especially
focusing on those stylised facts on inventories dynamics which are important in under-
standing the business cycle.

The outline of this chapter is as follows: in section 1.2 we introduce the neoclassical
investment theory. In section 1.3 we briefly revise the main results of the recent literature
about investment with nonconvex adjustment costs. In section 1.4 we critically revise
the literature about capital markets imperfections. In section 1.5 we briefly review the

literature about inventory investment. Section 1.6 presents some conclusions.

1.2 Neoclassical investment theory

Jorgenson (1963) is the first to derive the investment function as the first order condition
of the optimisation problem of a firm. Assuming perfect competition, no adjustment costs,
and a constant return to scale Cobb-Douglas technology, he shows that the optimal capital
is equal to the ratio between the capital share of output and the cost of capital.

The idea that not only current but also future expected profitability should affect
current investment is put forward by Tobin (1969), who argues that investment in physical
capital K should be a function of, among other things, its available rate of return r. Such
a rate of return is equal to:

R
Tp = — 1.1
¢ Pk (11)

where R is the "marginal efficiency of capital relative to reproduction cost” and py is the
current market price of capital goods. By definition R includes the net present value
of all future profits generated by a unit of capital installed today. Such relation implies
the so called @ — theory : investment is a function of average @, the ratio between the
market value and the replacement cost of capital. Abel (1979) and Hayashi (1982) show
that the Jorgenson model with convex adjustment costs is equal to a marginal q — model.
The problem is that marginal g, the ratio between marginal productivity and replacement

cost of capital, is not directly observable, and the conditions under which the marginal gq
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and average @ are equal (Hayashi, 1982) are very restrictive. In any case the empirical
success of the estimated Q— based models is modest (Von Furstenberg, 1977; Summers,
1981; Blanchard and Wyplosz, 1981). Abel and Blanchard (1986) take the alternative
approach to directly estimate marginal ¢ and show that, as is the case for average @, also

the estimated marginal g explains only a small fraction of the fluctuations in investment!.

1.3 Investment with non convex adjustment costs

The quadratic adjustment cost model implies decreasing returns in the adjustment tech-
nology. This implies that it is optimal, at firm level, to increase the stock of capital
smoothly and gradually towards the desired level. Such smooth investment at firm level
implies smooth aggregate investment. In reality adjustment costs are more complicated
than the quadratic cost assumption. In fact it is reasonable to assume that new projects
that involve investment in plant and equipment also include relevant fixed costs and a cer-
tain degree of irreversibility. The presence of fixed costs implies increasing returns in the
adjustment technology, and this is sufficient to generate ”lumpiness” in investment, which
implies an advantage in bunching rather than in smoothing new investment over time.
Caballero (1997) provides a simple version of the investment model with fixed adjustment
costs: when the only uncertainty in the investment decision is a productivity shock that
follows a continuous stochastic process, the desired stock of fixed capital kf follows a sto-
chastic process with similar characteristics. The actual level of capital k; instead remains
constant and changes only when the absolute difference |k} — k:| is large enough. That is
when the fixed cost in adjusting capital from k; to k; is smaller than the loss of value in
keeping k: constant. When such adjustment takes place, it is optimal to invest up to the
optimal level k. Intuitively the bigger the fixed cost, the larger the difference |k} — k|
before the entrepreneur finds optimal to invest or disinvest. In this case we should observe
more lumpy investment at firm level.

Models with fixed costs have been successful in explaining why we observe lumpy

investment at plant level. Among the empirical evidence, Doms and Dunne (1998) analyse

! Caballero (1997) provides a review of the recent literature that shows how cost of capital and g are more
relevant in determining investment in two cases: i) long-run relationship; ii) in presence of tax adjustments
that determine large swings in the cost of capital.
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the investment patterns of over 13,700 plants in the U.S. manufacturing sector, drawn
from over 300 four digit industries, for the period 1972-1988. They find that over half the
plants in their sample experience a 1 year capital adjustment of at least 37%, and that
smaller plants and plants that changed ownership have lumpier investment patterns. They
also show that the simulated investment models that best fit with the observed capital
adjustment patterns are those in which plants mainly invest only when the difference
between the desired and the actual capital stocks is large. More importantly they show that
such lumpiness at plant level does not wash out at aggregate level: 25% of expenditures
on new equipment and structures goes into plants that are increasing their real capital
stock by more than 30%, and that makes up only 8% of the sample.

This evidence suggests that microeconomic lumpiness has important consequences for
aggregate investment dynamics. Caballero, Engel and Haltiwanger (1995) use information
on a similar dataset of approximately 7000 U.S. manufacturing plants for the same period
and estimate the hazard function, that is the probability to adjust the capital level con-
ditional on the imbalance between desired and actual capital. They find that the hazard
function has a value of approximately zero in presence of zero or positive imbalance (actual
capital greater than desired capital), while it is increasing for negative imbalances. This
means that plants do not disinvest when actual capital is too high, suggesting the presence
of irreversibility, while they are more likely to adjust when actual capital is too low.

On the theoretical side Caballero and Engel (1999) derive the aggregate investment
function in presence of non convex adjustment costs, to show that in general aggregate
investment depends on the cross sectional density of plants capital imbalances. The dy-
namic implications of this result are particularly important: in fact a sequence of positive
aggregate shocks not only causes some plants to invest, but also changes the cross sectional
distribution of imbalances, meaning that more and more plants are likely to adjust at each
subsequent aggregate shock. Caballero, Hengel and Haltiwanger (1995) show that such
mechanism implies much higher investment volatility in presence of large macroeconomic
shocks.

Another source of nonconvexity in adjustment costs is the irreversibility of fixed capital,

which can be seen as an infinite fixed cost of disinvestment. Why is fixed investment
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irreversible? Dixit and Pindyck (1994) argue that investment expenditures are sunk costs
when they are firm specific. Also industry specific investment can be irreversible if the
industry is sufficiently competitive. In this case, even though in principle a firm could sell
its plants to another firm in the industry, this would not happen because all firms in the
industry would want to disinvest at the same time as a consequence of a negative aggregate
shock. Other sources of irreversibility are informational problems: potential buyers may
be unwilling to buy from a firm that wants to sell its own fixed capital because they cannot
observe its quality.

Irreversibility implies that investment is ”cautious”: the rate of return required to
convince firms to invest is higher than when fixed investment is reversible. The difference
is a premium that compensates the expected cost of being unable to reduce the capital
in the future conditional on a negative productivity shock?. Bertola and Caballero (1994)
build and calibrate a model of firm fixed investment with irreversibility and uncertainty,
and show that irreversibility is useful in explaining why fixed investment is much smoother

at aggregate level than at firm level.

1.4 Investment with capital markets imperfections

All the papers reviewed in the previous section assume the absence of any capital market
imperfection. In this case the Modigliani and Miller (1958) theorem states that, in absence
of tax distortions, financial structure and financial policy are irrelevant for real investment
decisions. The choice of financing is irrelevant because internal finance, debt and equity are
equivalent sources of funds with identical opportunity costs. Many authors have disagreed
with the view that financial structure is irrelevant, and have argued that financial factors
may have an impact on real business cycles (Fisher, 1933; Gurley and Shaw, 1955 and
1960). Yet models of optimal firm investment have been maintaining the perfect market
hypothesis for some time. Since the 70s many papers have shown that under asymmetric
information or contract incompleteness (imperfect enforceability) adverse selection and

moral hazard problems limit the availability of debt (Stiglitz and Weiss, 1981; Besanko and

2 A formal illustation of this effect is provided in chapter 4.

22



Thakor, 1986; Milde and Riley, 1988; Hart and Moore, 1998; Albuquerque and Hopenhayn,
2000). Adverse selection can also increase equity financing costs (Myers and Majluf, 1984).

Such models imply either that external finance is not available, or that there is a cost
differential between internal and external financing sources, which may itself depend on
the financial wealth of the borrower. In both cases the implication is that investment is
inefficiently low when internal finance is not available. An avenue of empirical research,
henceforth referred to as the ” investment-cash flow literature” , focuses on the sensitivity of
firm investment to internal finance availability as a way of testing for the effect of financing
imperfections3. The idea is that, if firms face high cost, or rationing, of external funds
due to capital markets imperfections, then investment should be more sensitive to internal
funds than neoclassical models predict. _

As Hubbard (1998) points out in his review: ” The principal findings of these studies
are that: (1) all else being equal, investment is significantly correlated with prozies for
changes in net worth or internal funds; and (2) that correlation is most important for
firms likely to face information-related capital-market imperfections”.

In order to derive these results, most of this literature is based on a joint test of two
distinct hypotheses (henceforth H1 and H2): H1) Some observable characteristics of firms
(size, age, affiliation to group, etc.) are related to how likely they are to be financially
constrained. H2) Financially constrained firms, selected according to these characteristics,
can invest optimally only when internal finance is available. As a consequence they reject
the neoclassical model because of excess sensitivity of investment to cash flow.

All these papers adopt a quadratic adjustment cost assumption in order to derive a
testable investment equation. As we mentioned in the previous section, this assumption
implies that future expected productivity affects current investment choices. Therefore it
becomes of crucial importance to find a robust method of estimating future investment
opportunities. Otherwise, since current productivity is correlated to future productivity,

and since cash flow is correlated to current productivity, we would be unable to distinguish

3Fazzari, Hubbard and Petersen (1988), Devereux and Schiantarelli (1989), Hoshi, Kashyap and Sharf-
stein (1992), Withed (1992), Bond and Meghir (1994), Hubbard, Kashyap and Withed (1995), Gilchrist
and Himmelberg (1995) and (1998), Hu and Schiantarelli (1998), Bagella, Becchetti and Caggese, (2001),
and many others.
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