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l. Introduction

In the early and mid-1990’s, most international economists and Washington-based policymakers
supported rapid capital account liberalization for emerging markets. Many countries followed this
advice. Theinitia results were generally positive —increased capital inflows, investment booms,
and impressive growth performance. In the last decade, however, several countrieswith recently
liberalized capital accounts experienced severe financial crises, such as Mexico, Thailand, Korea,
Russia, and Argentina. These experiences, especially when combined with the recent backlash
against globalization, have caused many people to question the benefits of unrestricted capita
flows. Could controls on capital flows have prevented these crises, or at least reduced their
virulence?

Although there continues to be widespread disagreement on the desirability and
feasibility of certain types of capital controls, such as a Tobin-style tax on currency transactions
or limits on capita outflows during crises, thereisincreasing and fairly widespread support for
limited taxes on short-term capita inflows. For example, “In more than a dozen interviews at the
three-day conference of the American Economic Association this week, a common theme
emerged: that rules should be developed to discourage the sort of short-term borrowing that can
suddenly leave a country like South K orea overindebted...”! The most well known example of a
tax on capital inflows aimed at discouraging shorter-term borrowing is the encaje adopted by
Chile from 1991-98. Even the IMF, formerly the bastion of capital market liberalization, has
begun to support these sorts of controls. For example, Stanley Fischer, former First Deputy
Managing Director of the IMF writes: “The IMF has cautioudy supported the use of market-
based capital inflow controls, Chilean style. These could be helpful for a country seeking to avoid

"2 Eduardo Aninat, the current

the difficulties posed for domestic policy by capital inflows.
Deputy Managing Director of the IMF, recently stated: “In certain scenarios and in some
circumstances, these controls on capital inflows can play arolein reducing vulnerability created
by short-term flows....The investment restrictions appear to have served Chilewdll...”?

A series of empirical studies have provided fairly positive or neutral assessments of the
Chilean capital controls.* Although there is some variation in the results, most studies conclude
that the capital controls shifted the composition of capital inflows to alonger maturity and
provided a small increase in monetary policy flexibility, but had minimal effect on other variables

(such asthe total volume of capital inflows or exchange rate). These studies suggest that the only

! New York Times, “Economists Blame Short-Term Loans for Asian Crisis,” by Louis Uchitelle. 01/08/98.
2 Fischer (2002).

% Wall Street Journal, “Some Warm to Use of Capital Controls,” by Pamela Druckerman. 10/24/02.

* These studies are discussed in more detail in Section I1.



costs of the controls were relatively minor, such as any deadweight loss from the government
establishing and monitoring the system, or from firms attempting to evade the controls. In other
words, the general interpretation of this body of empirical work is that the Chilean capita
controls generated some small economic benefits, but no significant economic costs.

Managers of small and medium-sized companies in Chile, however, have a different
interpretation. They claim that the capital controls made it substantially more difficult to obtain
external financing. One study reports that between 1996 and 1997 (during the encaje€) investment
costs for smaller firms exceeded 20 percent per year, while larger firms could access international
markets at a cost of only 7-8 percent.” It is not surprising, however, that smaller firmsin Chile
faced a higher cost of external capital than larger firms. A large body of theoretical literature
explains why asymmetric information problems, which tend to be greater in smaller and younger
firms, will raise the cost of external capitd relative to that for internal capital. Moreover, alarge
body of empirical literature documents that firms' investment decisions tend to be affected by
their internal sources of fundsin arange of countries, especially for smaller firms.®

There are a number of reasons, however, why the Chilean capital controls may have
increased any financia constraints for smaller firms. First, many Chilean firms responded to the
controls by adopting aternate forms of financing that were not subject to the tax (such asissuing
ADRs or obtaining direct credit from foreign suppliers). These aternative sources of financing
were not only more costly than those used before the encaje, but often unavailable to smaller
firms with less established reputations. Second, and closely related, there were a number of
loopholes to the capital contrals, but finding and devel oping the mechanisms to utilize these
loopholes required an up-front fixed cost. For larger firms, this fixed cost could be spread across a
greater volume of financing, thereby increasing the return to finding the loopholes. As aresult,
larger firms were more likely than smaller firms to search for, find, and utilize these exceptionsto
the encaje, and therefore obtain arelatively lower cost of capital.

Third, banks tended to have less flexibility avoiding the encaje, since banks are more
closely monitored by the central government than other firms. Asaresult, the cost of borrowing
from banks may have risen more than the cost of borrowing from other institutions that could
more easily evade the capital controls. Since smaller firms tend to be more reliant on bank loans
for financing than larger firms, this additional cost would have fallen disproportionately on
smaller firms, especially since they were less likely to be able to find aternate financing sources.

Fourth and finally, there is some evidence that the capital controls shifted capital inflowsto

® Costs are for dollar borrowing. Cited in Edwards (1999).
® These studies are discussed in more detail in Section I11.



longer maturities. Since smaller firms have a harder time borrowing long-term than larger firms,
any increasein lending maturities could have disproportionately affected the ability of small
firms to obtain financing. This effect could have occurred whether the small firms received
capital inflows directly, or whether they borrowed from banks (which experienced a lengthening
of their maturities and attempted to match the maturities of their assets and liabilities).

Several studies of the encaje have mentioned that the capital controls might have made it
relatively more difficult and expensive for smaller companies to raise financing.” None of these
studies, however, has made any attempt to assess whether these effects were significant or
economically important. If the capital controls substantially increased the costs and/or constrained
the ability if smaller firmsto obtain capital for productive investment, this inefficient allocation
of capital and resources may have reduced growth and productivity in Chile. Although the encaje
may also have had important benefits, countries considering the adoption of Chilean-style capital
controls should carefully evaluate this potential cost. This could be particularly important for
emerging markets in which small and new firms are often important sources of job creation and
economic growth.?

Therefore, this paper assesses whether the Chilean capital controls did, in fact, have this
cost of increasing financia constraints for different-sized, publicly-traded firms. It builds on the
extensive literature on firm-financing constraints to test whether investment decisions in smaller
and medium-sized traded firms are more dependent on internal finance than in large firms, and if
any such differencesincreased during the period that the encaje wasin place. Since thereisalack
of agreement in this literature on the preferred testing framework, it uses the two most common
methodologies: a Tobin's-q framework and Euler-equation framework. The implementation of
the encaje in 1991, and its removal in 1998, provides a natural experiment by which to examine
any time-series variation in financing constraints for different types of Chilean firms.

Theresultsindicate that investment in smaller, publicly-traded firms was significantly
affected by internal finances during the period of the encaje, and that these financial constraints
decreased asfirm size increased. During the periods before and after the encaje, however, neither
small nor large traded firms appear to have been financially constrained, and thereis no
significant relationship between firm size and financial constraints. These results are highly
robust to an extensive series of sensitivity tests. Moreover, a series of cross-country tests does not

find any evidence of similar patternsin other emerging markets during the mid-1990's,

" See Gallego et al. (1999) and Edwards (1999).
& McMillan and Woodruff (2002) provide evidence on the importance of small firms and startupsin
promoting job creation and economic growth in the transition economies.



suggesting that the Chilean results are not driven by global shocks or changesin the external
environment. Although this effect of the Chilean encajeis only one factor that countries should
consider when evaluating whether or not to adopt controls on capital inflows, it does suggest an
important cost of this policy.

The remainder of the paper is as follows. Section Il provides background information on
the Chilean capital controls and briefly surveys the empirical literature ng the
macroeconomic impact of these controls. Section |11 discusses the extensive literature testing for
the presence of firm-financing constraints. It evaluates the advantages and disadvantages of
different testing frameworks, and then devel ops two models that are used in the remainder of the
paper. Section IV discusses the data set and examines trends in severa variables for evidence of
any impact of the encaje on different-sized, publicly-traded firms. Section V discusses severa
econometric issues and then estimates the base model. It also reports an extensive series of

sengitivity tests and results for other emerging markets. Section VI concludes.

. Background on the Chilean Capital Controls

Chile, aswell as many other emerging markets, experienced a surge of capital inflows between
1988 and 1991. Largely in response, the Chilean government enacted a series of capital account
restrictionsin 1991. The encaje, or unremunerated reserve requirement (URR), was a key
component of these restrictions. It requires that a fraction of certain types of capital inflows must
be deposited at the central bank in a non-interest bearing account for a fixed term. The encaje was
initially set at arate of 20 percent and only applied to fixed-income securities and foreign loans,
excluding trade credits (as long as the shipment occurred within 6 months). The tax did not
initially include portfolio flows or FDI. The holding period at the central bank was initially equal
to the loan’ s maturity, with a minimum of 90 days and maximum of 1 year. Investors were aso
given the option of either making the deposit at the central bank, as described above, or paying an
up-front fee equivalent to the interest cost of the URR.

The primary goal of the encaje was to moderate the appreciation of the Chilean peso in
order to maintain competitive export prices. A secondary goal was to regul ate short-term capital
inflows, especially from banks and institutional investors, and therefore moderate the buildup of
speculative short-term liabilities. A final goal was to increase the ability of the central bank to
effectively use monetary policy by creating a wedge between domestic and foreign interest rates.
This concern was particularly important because the government sought to reduce inflation,
which was becoming increasingly difficult as any attempt to reduce demand by raising interest



rates was often overwhelmed by the expansionary effect of capital inflows. Reflecting this
combination of goals, the capital controlsinitialy only covered short—term borrowing and debt,
and only later expanded to cover equities and other types of portfolio flows. It isworth noting that
initially a primary focus of the encaje was not to reduce Chile’s vulnerability to contagion or
global financial turmoil —a central motivation for other countries considering these controls.
During the 7-year period after the encaje was enacted, it was continually modified and
expanded.® These modifications were aimed mainly at closing loopholes that were frequently
discovered by investors and borrowers, although occasionally they were designed to adapt to
changes in the economic environment. These modifications are summarized in Appendix A and
include virtually all aspects of the encaje, such as: the fraction of the capital inflow deposited; the
types of inflows covered; the currency for the reserve deposit or fee payment; the duration of the
holding period; and the restrictions on rolling-over maturing investments. In 1998, as capital
flows to emerging markets dwindled, the encaje was suspended. Some of the most noteworthy

changes to the encaje between 1991 and 1998, based on Appendix A, were:

o 1992: Fraction of the capitd inflow deposited in the central bank was increased from
20% to 30%. The minimum holding period was extended to 1 year.

e 1995:; Coverage was extended to include secondary ADRs. Also, the deposit in the
central bank (and calculation of the corresponding fee) had to be made in US dollars.

This substantially raised the cost of the encaje.’

e 1996: Coverage was extended to include “ speculative investment from FDI” (defined as
FDI which “does not increase productive capacity”).

e 1998: Fraction of the capita inflow deposited in the central bank was decreased to 0%.

° During this period, there were also modifications to variety of capital account restrictions in addition to
the encaje. For example, there were changes to maturity requirements, minimum size restrictions, and
minimum solvency limitations for the issuance of bonds or equity abroad. There was also a continual
liberalization of controls on capital outflows, such as the minimum stay period for investment abroad and
ceilings on foreign asset holdings by financial institutions. See Gallego et al (1999), Simone and Sorsa
(1999), and Ariyoshi et a (2000) for detailed information on this evolution of capital account restrictions
over the 1990's. Section V1 also discusses how these changes could affect estimates of the impact of the
encaje on firm-financing constraints.

19 Before 1995, investors could choose the currency of the deposit. Many chose the yen, which reduced the
implicit cost of the encaje as the yen depreciated against the dollar. Simone and Sorsa (1999) estimate that
changing the currency requirement raised the implicit cost of the URR by 50-100 percent.



During the period from 1991 to 1998, the actual cost of the encaje depended on the
maturity and/or permanence of the capital inflow, aswell as the opportunity cost of the funds,
with shorter-term inflows subject to a higher implicit tax (since the duration of the deposit is
fixed). Table 1 reports estimates of the actual cost of the encaje for borrowings of different
maturities between 1991 and 1998. It shows that although the cost fell quickly over time, it was
still substantial for longer-term borrowing. For example, in 1997 the cost of the URR was 9.4%
per year for 3-month borrowing and 2.4% for 1-year borrowing. The table also shows that the
changes in the encaje lead to substantial fluctuationsin its cost over time. The cost increased in
thefirst few years after the encaje wasinitially implemented, reaching a peak of 10.3% for 3-
month borrowing in 1995. The cost fell dightly after 1995, but remained elevated until the encaje
was ended in 1998.

There is some evidence, however, that although the tax rate was highest between 1994
and 1997, the actual impact on capital inflows may have declined over time. The central bank’s
attempts to continually close loopholes and tighten the encaje were generally effective in the
short term, but over time investors and firms found new ways to evade the controls and any new
restrictions.™ One of the most common strategies was to shift capital inflows to sources that were
not currently subject to the encaje (such as redefining capital inflows as trade credit). Central
bank data show that in 1992, the URR covered about half of total gross inflows, but in subsequent
years coverage declined to 24 percent. Despite this evasion, the large revenues collected by the
Chilean government suggest that the encaje still affected a substantial volume of capital inflows.
Between June 1991 and September 1998, collection of the URR (including both the actual money
in reserves as well asthe equivalents paid in fees) increased central bank reserves by an average
of 2.0% of GDP, or 40% of the average capital account surplus.*?

But what was the impact of this tax? Measuring the impact of the encaje is complicated
by a number of factors, such as: accurately measuring short-term inflows (since firms shifted
financing to trade credit, which is generally not included in short-term inflows); controlling for
changes in the macro-environment (and especially the general increase in capital flowsto
emerging markets during this period); and controlling for simultaneous changes in other Chilean

policies that could affect capital flows (such as the liberalization of capital outflows and

! See Simone and Sorsa (1999) for discussions of the effectiveness of the capital controls and evidence on
their avoidance. Some authors, such as Cowan and de Gregorio (1998), argue that their “power” declined
between 1995 and 1997 as evasion increased. Other authors, such as Gallego et al (1999), however, argue
that their “power” increased steadily over time until the controls were removed in 1998. Va dés-Prieto and
Soto (1998) also argue that the encaje was most effective after 1995.

12 Gallego et al (1999).



improvements in banking system supervision and regulation). Despite these methodol ogical
challenges, a number of empirical papers have attempted to measure how the encaje impacted a
series of macroeconomic variables.” The studies use arange of modeling strategies, definitions,
and econometric methodol ogies, and reach several general conclusions. First, there is no evidence
that the encaje affected the exchange rate. Second, there islittle evidence that the capital controls
protected Chile from the shocks emanating from other emerging markets during the Mexican,
Asian, Russian, and Brazilian crises. Third, there is some evidence that the encaje had no
significant effect on the total volume of capital inflows (although this result is subject to the
caveat that it is extremely difficult to construct the counterfactual of what the volume of capital
inflows would have been without the encaje). Fourth, there is some evidence that the capital
controls shifted the composition of capital inflowsto longer maturities. Fifth and finally, thereis
some evidence that the encaje raised domestic interest rates by creating a wedge between
domestic and foreign interest rates (although there is no agreement on whether this was a short- or
long-run effect). Therefore, this series of results can be summarized as suggesting that the
Chilean capitd controls may have had a positive, albeit weak, impact on Chile’ s macroeconomy.
Despite the attention paid to the impact of the encaje on Chile’ s macroeconomy, there
has been no anaysis of how the capital controlsimpacted micro-level variables, such as
individual firms and their cost of capital.* The only paper that partially addresses this question,
abeit indirectly, is Gallego and Loayza (2000). They provide a detailed review of the rapid
growth in Chilean financial markets over the past 3 decades, and then examine how this growth
affected financial development for a set of 79 publicly-listed firms between 1985 and 1995. In the
section most closely related to this paper, Gallego and Loayza use a Tobin’s g model and find that
between 1985 and 1990, afirm’'s investment was not significantly affected by g, but was
positively affected by cash flow and negatively by debt ratios.” During 1991-96, however, a
firm’ sinvestment became more responsive to g and less to cash flow and debt ratios. This
suggests that although firms were financially constrained during the late 1980’ s, these constraints
were reduced in the first half of the 1990’s. Although their paper does not explicitly discussthe

impact of the encaje on financial constraints, the results suggest that during the early years of the

13 Simone and Sorsa (1999) provide an excellent survey of the empirical work on this subject, as well asa
detailed discussion of the methodological and econometric problems. Four noteworthy examples of these
empirical studies are Edwards (1998), Va dés-Prieto and Soto (1998), Gallego et al (1999), De Gregorio et
al (2000). Edwards (2000) is one of the few studies to examine whether the capital controls reduced
financial contagion.

¥ Work in progress by Gallego and Hernandez (2002), however, is examining how the Chilean capital
controls affect financial expenditures and balance sheets of Chilean firms.

!5 This Tohin's g model is discussed in Section I11.



encaje, firm financing constraints were actually lower, instead of higher, than before the capita
controls were enacted. Moreover, Gallego and L oayza focus on measuring average financing
constraints in Chile, and do not test for differences between small and large firms.'® Therefore,
the impact of the encaje on the financing constraints of small versus large Chilean firms remains
an open question.

[11.  Testing Framework and Methodology
Modigliani and Miller (1958) show that under certain conditions, including frictionless capital
markets, firms should face the same cost for internal and external finance. As aresult, afirm's
liquidity and capital structure should not affect itsinvestment decisions. Since this seminal
article, however, there has been an extensive theoretical literature explaining why informational
asymmetries and incentive problems can make external financing more expensive than internal
financing, as well as an extensive empirica literature testing these propositions.'” Although
results vary somewhat across studies, the majority of evidence suggests that firms predicted to
have greater asymmetric information and incentive problems, and therefore be more financially
constrained, tend to have a greater sensitivity of investment to fluctuations in internal funds.
Most closely related to this paper, studies of both developed countries and emerging
markets have found extensive evidence that smaller firms tend to be more financially constrained
than larger firms."® Other studies, such as Love (2001) and Laeven (2002), provide cross-country
evidence that firms tend to be less financially constrained in countries with more developed or
liberalized financial markets. Harrison, Love and McMillan (2001) is the only study which
directly considers the impact of capital controls on firm-financing constraints, although thisis
only a short extension of their more detailed analysis of capital flows and financing constraints.
They use an Euler-equation model and find that “restrictions on payments for capital account
transactions” increase firm-financial constraints. Their measures of capital controls are based on
dummy variables constructed by the IMF, however, which are highly problematic.”® In fact, these

IMF dummy variables do not show an increase in Chilean capita controls when the encaje was

16 Gallego and L oayza (2000) find evidence, however, that firms eligible for investment by the state
pension fund (PFM C-grade firms) were less financially constrained than non PFM C-grade firms before
1990. Since PFMC-grade firms tend to be larger than the average Chilean firm, this suggests that smaller
firms may have been more financially constrained than larger firms during this period.

¥ Stein (2001) and Hubbard (1998) provide excellent and thorough surveys of this theoretical and
empirical literature, respectively.

18 See Schiantarelli (1995) for amore detailed review of relevant studies.

19 Problems with these IMF measures of capital account restrictions have been well documented in other
work. For example, see Edison et al (2002) or Kaminsky and Schmukler (2002).



enacted. Using a very different approach and methodology, Desai, Foley and Hines (2002) show
that capital controls affect the asset allocation, financing, transfer pricing, and dividend policy of
U.S. multinational affiliates. Although they do not directly test for the existence of firm-financing
constraints, their results suggest that capital controls distort investment decisions.

Although thisempirical literature testing for the micro-effects of capital controls and
existence of financial constraintsis extensive, there continues to be some disagreement on the
appropriate testing framework. The earliest work on this subject estimated investment equations
based on Tobin’s g. This methodol ogy, however, has been subject to rather extensive criticism,
and more recent work has focused on direct estimation of Euler equations. Since each of these
methodologies has different strengths and weaknesses, this paper uses a representative test from
both frameworks to examine how the encaje affected financing constraints for different-sized,
publicly-traded firmsin Chile. As shown below, the two frameworks yield very similar estimates
and resullts, strengthening the paper’ s conclusions. The remainder of this section derivesthe
central estimating equations, placing the different methodol ogies within one broad framework,

and discusses the advantages and disadvantages of each approach.

A. Theqg-based Methodology

Several different modeling strategies have been used to derive tests for firm-financing constraints
based on Tobin's g. In order to facilitate comparisons with the Eul er-equation model developed in
Section 111.B., | build on the framework developed in Gilchrist and Himmelberg (1999), Harrison
et a (2001), Love (2001), and Laeven (2002).* More specifically, assume that each firm
maximizes its present value, which is the expected discounted value of dividends, subject to a
capital accumulation constraint. The optimization problemis:

a ]

\/t (Kt’ft): max Dt + E( ﬂt+s—1Dt+sH (1)
subject to: D, =N(K,.&)-c(,.K,)-1, 2
Ko, =@-¢)K, +1,. (3)

% None of these papers, however, explicitly develops the g-based framework used in this subsection. Also,
to simplify the analysis, | follow Love (2001) and Harrison et al. (2001) and exclude debt financing from
the maximization problem. Including debt financing does not affect the first-order conditions for
investment. See Gilchrist and Himmelberg (1999) or Laeven (2002) for an extension of this framework to
include debt.



Variables are defined as: t is the current time period; s representsincrementsto t; K, isthe
capitd stock at the start of period t; & isaproductivity shock; Dy isthe dividend paid to
shareholders over the period t; E{] is the expectations operator conditional on information
available at timet; SBisadiscount factor; N isthe profit function (already maximized with respect
to variable costs); C isthe adjustment cost function; |, is investment over the period t; and disthe
depreciation rate for capital.

Equation (1) can be rewritten as a Bellman equation so that the first-order condition for

investment is:
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Next, define marginal g, (measured at the end of period t or the start of t+1) astheincreasein the

firm’ s value (over period t+1) from one additiona unit of capital (in place at the start of t+1):
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In order to abtain a closed-form solution, it is necessary to specify the adjustment cost
function. I make the standard assumptions of linear homogeneity in capital and investment. | al'so
extend this standard function slightly to allow for persistence in adjustment costs, period-specific
shocks, and a firm-specific level of investment that minimizes adjustment costs.**

Cly,K¢)= %—H— B—H +at§i<t (6)
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where a; and a, are constants, a; is afixed effect for each firm i, and g, are period-specific

effects. Therefore, the marginal adjustment cost of investment is:
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%! Harrison et a (2001), Laeven (2002), and Love (2001) also included alagged term for investment and a
firm-specific effect in the adjustment cost function.
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Next, substitute (5) and (7) into (4), rearrange terms, and replace constants (including
combinations of constants) with parameters. Finally, assume rational expectations, so that the
expectations operator is replaced with realized values plus an expectationa error. The
expectational error (&) is assumed to be orthogonal to any information available when the
investment decision is made (at the start of the period) so that the orthogonality conditionis

E[&x.=0 for s>1. The resulting equation is:
| H =06, + | H +0,q, + f, +d, +¢
B_ =0, +6 B— 6,q, +f +d, +¢&,, (8)
DK I] 0 ll:IK I]’t—l 2 : t :

wheref; are fixed effectsfor each firmi, and d; are period-specific effects. According to this
model, afirm’sfinancia condition should have no impact on investment. In other words, under
the assumptions of convex adjustment costs, val ue maximization, perfect competition, linear
homogeneous technology, and capital as the only quasi-fixed input, the marginal value of Tobin's
g should control for the expected future profitability of investment. To test the validity of this
result, papers have added aterm measuring firms' internal financial positionsto equation (8) in
order to evaluate whether financial constraints affect investment. For example, equation (8) is

often rewritten:

AH=6+60.0 +00,+6F2 011 +d+s, @
K G OK G 0K G
where Cash;; isameasure of firmi’sinternal financial position (such as the firm's cash stock at
the start of the period or cash flow in the current or previous period). Therefore, atest for the
existence of firm-financing constraintsis atest of the null hypothesisthat & = 0 in equation (8').
A common use of thistesting framework isto divide a sample of firms based on a
characteristic that isa priori expected to affect financia constraints (such as firm size or
membership in a banking conglomerate), and then test if &is significantly different across the
groups of firms. For example, in the first of an extensive series of papers using this framework,

Fazzari, Hubbard and Petersen (1988) estimate a variant of equation (8') for firms that have either

11



low or high dividend payout ratios. Their equivalent of & is positive and significant for firms
with lower dividend payout ratios, suggesting that this group of firmsisfinancialy constrained.?
Instead of dividing the sample of firms into two groups based on dividend policy or firm
size (or any variable of interest that might affect financial constraints), acommon variant of this
testing framework isto interact the variable measuring financial constraints with a measure of the

relevant variable of interest. For example, equation (8') could be rewritten:

BI—H =6, + 915'—5 +0,0, +93E@H +94E@* Szel + f,+d +&, (9
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Therefore, if Szeisadummy variable equal to 1 for large firms, then atest if firm-financing
constraints are greater for small than large firmsis atest of the null hypothesisthat 8>6,.0r, if
Szeisacontinuous measure of firm size, then atest if financial constraints exist for small firms
and decrease with firm size is atest of the null hypothesisthat &>0 and 8,<0. Although more
recent papers have proposed adding a number of different control variablesto equation (9) and/or
testing whether different types of firms are financially constrained, this g-based methodol ogy
continues to be widely used in tests of firm’sfinancial constraints.

This testing methodology, however, has a number of weaknesses.” First, sinceit is
virtualy impossible to measure margina g, most studies use average g, which will only equal
marginal q under fairly restrictive assumptions.** Second, if stock markets are inefficient,
observed stock market valuations (which are a component of ) may diverge from the manager’s
valuation of the marginal return on capital. Third, and closely related to both of these concerns, if
marginal g is mismeasured for any reason, then the estimated coefficients on the financia
constraints' variable (or other explanatory variables) could capture shocks to investment
opportunitiesinstead of financial constraints.”® Fourth, the a priori classification of firms between
those expected to be constrained or unconstrained could lead to misclassificationsif firms switch
between the two states. Moreover, if the classifications are correlated with other variablesin the

eguation, estimates and test statistics will be biased and inconsistent. Finally, the assumptions

%2 K aplan and Zingales (1997) critique this article and testing framework and claim to reverse the central
results. Fazzari, Hubbard and Petersen (2000) respond to this critique.

% See Schiantarelli (1995) or Hubbard (1998) for a more detailed description of these issues.

* Hayashi (1982) derives these assumptions, which include: perfect competition in factor and product
markets, perfect capital markets, and constant returns to scale in production technology.

% See Erickson and Whited (2000) for a discussion of problems with measurement error in g.
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underlying the basic g-theory of investment, such as convex adjustment costs or value
maximization, may not hold.

Despite these potentia shortcomings, this g-based methodology continues to be widely
used in thisliterature. This approach is not only intuitive, straightforward to implement, and
based on strong theoretica foundations, but some authors argue that under certain assumptions,
the g-based methodology may be better than more complicated testing frameworks. For these
reasons, as well as to facilitate comparisons with previous work, Section V uses this g-based
equation (9) to test how the encaje affected financing constraints for different sized firmsin

Chile. The sensitivity analysis also tests several extensions of this g-based model.

B. The Euler-equation M ethodol ogy
Due to the problems with the g-based methodology discussed above, a number of studies have
instead opted to directly estimate the firm’s Euler equation to test for the presence of firm-
financing constraints. This approach is based on the same basic maximization problem used to
derive the g-based equations, but makes a number of different assumptions and rearranges the
first-order conditions. The following derivation continues to closely follow that in Harrison et a.
(2001), Love (2001), and Laeven (2002), al of which build on Gilchrist and Himmelberg (1999).
Assume that a firm faces the same optimization problem outlined in equations (1)
through (3), plusthe additional constraint that dividends must be non-negative:

D, 0. (10)

If A isthe multiplier for the constraint in (10), then the first-order condition (previously equation
(4)) combined with the definitionin (5) is:

U
ég_\l/é =1+ At)%é +1g+ Bi+1EG =0 (11)

and the envelope condition is:

é;l’%% =gy = [+ At)é;la_ié + (- 0)Bs1Er - (12)

13



Combining (11) and (12) to eliminate g and ¢, yields the Euler equation:*®

1+ aC(lt-Kt ,3 %-"'/]Hl@n(l(tﬂ Ctt+1) (1 5% ac(|t+1-Kt+1) . (13)
ol gl+A 0K+ Olt+1

The key variable of interest in the following analysisis L+ A, /1+ A ), which isthe relative

shadow cost of externa financing in period t+1 versus period t (i.e., the measure of financial
constraints). More specificaly, in perfect capital markets, A=A.1. On the other hand, if the
shadow cost of external fundsis higher today (at t) than tomorrow (at t+ 1), then
(1+ A4q/1+ A )<L and the firmis“financially constrained.”

Next, in order to estimate equation (13), assume that the term measuring financial
constraints can be written as a function of firm-specific financing constraints and the firm's cash
stock at the start of the period, with the impact of the firm’s cash stock allowed to vary with firm

size”’

t+1 _‘/Jm (‘//1 +l/JzSZG )BC*H (14)

1+/\ !

Also, define MPK; as the marginal profit of capital, net of adjustment costs and financing
costs (whichisthetermin {} in equation (13)). If production follows a Cobb-Douglas function,
which can have fixed costs and quasi-fixed factors of production (other than K), then MPK; can
be expressed as:

MPK, =9, +9, S0 (15)

0K G

where , isafirm-fixed effect, 5, istheratio of capital’s share in production to the markup, and

Salesistotal sales®

% | also follow previous literature and set (GC dK)y =0, sincethisis a second-order effect. See additional

appendix to Love (2001) for a detailed explanation and evidence supporting this assumption.

%' The sensitivity analysis also shows that redefining financial constraints as a function of cash flow in the
current (or last period) has no significant impact on the resullts.

% Gilchrist and Himmelberg (1999) and Love (2002, additional appendix) provide a proof of this
derivation. | have added the firm-fixed effect.
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Assume that the adjustment cost function and resulting marginal adjustment cost function
are till specified by (6) and (7). Finally, since E L+ A1 /1+ A )L, it is possible to use afirgt-
order Taylor approximation around the means to rewrite equation (13). Continuing to assume
rationa expectations, and inserting the terms defined in equations (14), (15) and (7) into equation
(13) yields the central estimating equation based on the Euler-equation framework:

B—H =9, +6, B—H +6, BSLH +6, @H +94@ 9zeH +f +d +e,

KOw O Lk
(16)

Therefore, if Szeisadummy variable equal to 1 for large firms, then atest if firm-
financing constraints are lower for large firms than for small firmsis atest of the null hypothesis
that 6,<6. Or, if Szeisacontinuous measure of firm size, then atest if financial constraints exist
for small firms and decrease with firm size isatest of the null hypothesisthat 6>0 and &,<0.

Thistesting strategy based on the Euler equation has several important advantages over
the g-based methodology. Firgt, it circumvents the numerous problems related to measuring
marginal g. The model should therefore better control for the impact of shocks to future
profitability on investment decisions, reducing any bias to the estimated coefficients on financia
constraints. Second, the Euler-equation framework permits the explicit modeling of the shadow
cost of financing as afunction of afirm's cash stock (or other proxiesfor financia constraints).

Despite these important advantages, the Euler-equation methodology also has several
shortcomings. First, it requires imposing a high degree of structure on the estimating equation,
such as the normalization technique and form of the financial constraints. Results can be
extremely sensitive to model specification, and a rejection of the “no financial constraints”’
hypothesis could occur for a number of reasons other than capital market imperfections. Second,
tests based on the Euler-equation methodology have poor small sample properties. Third, this
methodol ogy relies on period-by-period restrictions derived from the firm’ s first-order conditions,
so that it may not capture financial constraints that exist across periods. Fourth, the model
assumes one discount rate for all firms and time periods, and although some of this effect may be
captured in the firm- and period-specific effects, any residual correlation between discount rates
and cash stocks or flows could bias estimates. Fifth and finally, this approach does not yield
structural estimates of the key variables, so it is necessary to make assumptions about additional

parameters to obtain certain coefficient estimates.
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V. Dataset

The dataset used to estimate the two models developed in Section 111 is based on the Worldscope
September, 2002 CD-ROM.? | include al non-financia firms located in Chile that reported any
information in the database between 1988 and 2002.%° Since the database only reports financial
datafor thelast 10 years, | augment the data with information from the May 1999 CD-ROM,
excluding any firms for which the time series between the two sourcesisinconsistent. | also
exclude extreme outliers and unrealistic observations for the key variables used to estimate
equations (9) and (16). Each of these steps is described in detail in Appendix B.

The Worldscope database only reports information that is publicly available, so most of
the sample consists of publicly-traded companies. This has the obvious disadvantage that since
many smaller firms are not publicly listed, they are underrepresented in the dataset. As aresult,
the analysisin this paper can only be interpreted as evidence of how the encaje affects different-
sized, publicly-traded firms, and not necessarily as evidence on how the encaje effected small,
private firms. Focusing mainly on publicly-listed companies, however, has two important
advantages. First, disclosure requirements for public listing (which arefairly stringent in Chile,
especialy compared to other emerging markets) imply that the financial statistics in the dataset
are more comprehensive and reliable than for most non-public firms. Second, Tobin'sqis
calculated based on companies’ market valuations, so that this database includes the only group
of firmsthat could be included in any analysis using the g-based approach.

Table 2 reports the number of firmsin the sample by year and broad industry group. The
number of firmsis substantially lower at the beginning of the period —largely because
Worldscope is afairly new data set and coverage has steadily improved over time. Therefore,
athough firms continuously “enter” the sample, many of these entrants are not newly
incorporated firms. The middle of the table reports the number of financial firmsincluded in
Worldscope but excluded from the dataset used for this paper, as well as the number of firms
included in Worldscope but excluded from this paper due to data availability. The next set of
rows reports the total number of firms listed on the Chilean stock exchange, as well as the percent

of listed Chilean firms covered by Worldscope in each year of the sample. In 1988, Worldscope

 The Worldscope database is produced by Thomson Financial and includes detailed profiles, financial,
and market information for about 32,000 companies, representing about 96 percent of the world’ s market
capitalization. See Forbes (2000) for more detailed information on the database.

%0 More specifically, | exclude all financial, insurance, and real estate firms, defined as reporting a primary
SIC code of 6. Only 6 firms exit the sample due to bankruptcy, merger, purchase, or any factor that
Worldscope classifies as rendering afirm “inactive’.
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covered only 10% of listed firmsin Chile, but by 2000 it covered 68% of listed firms.* The
bottom of the table also reports the total market capitalization of firmsincluded in the sample,
firms covered by Worldscope, and firms in the entire Chilean market. Worldscope coverage has
increased from 45% of Chilean market capitalization in 1988 to 97% in 2000. These comparisons
indicate that although the Worldscope database covers most of the Chilean market when judged
by size, it under-represents smaller, publicly-listed firms.

Asapreliminary analysis of the impact of the encaje on firm-financing constraintsin
Chile, Figures 1 through 6 graph a number of relevant variables between 1988/89 and 2001.
Figure 1 begins with the average inflation-adjusted peso and foreign currency lending ratesin
Chile (based on IMF data), including both absolute lending rates as well as stripped lending
rates. Peso lending rates declined fairly sharply around the time that the encaje was enacted,
athough they rosein the first few years of the encaje. Peso lending rates also rose in 1997-98
during the Asian and Russian crises. Foreign-currency lending rates (mainly for dollars) increased
dlightly in Chile during the encaje, and then fell after the encaje was removed. For example, the
stripped cost of borrowing on foreign currency rose from 3.3% in 1992 to 4.4% in 1997, and then
fell to 2.0% in 2001. This could reflect an increased cost of borrowing resulting from the encaje,
although the magnitude of the effect is fairly small and this could also be driven by other factors,
such as changesin global risk aversion. Moreover, trends in aggregate interest rates do not
capture any differential impact of the encaje on small versus large firms.

Therefore, Figures 2 through 6 focus on trendsin key micro-level variables for smaller
and large publicly-traded firmsin Chile, using the dataset discussed above. Detailed variable
definitions are provided in Table 3. | divide the sample into smaller and large firms, based on a
cutoff of inflation-adjusted assets of 100 billion pesos (equivalent to approximately $250
million).® Figure 2 graphs leverage (total debt to assets) and shows that smaller public firms had
leverage ratios comparableto larger firms during the later part of the encaje. Leverage ratios for
large firms, however, fell during the initial years of the encaje and then increased substantially

after the encaje was removed. This could indicate that large firms shifted to non-traditional

31 Worldscope coverage falls slightly in 2001 due to time lags incorporating the most recent information.

% All statistics are calculated based on IMF (2002). Stripped lending rates are defined as lending rates less
the interest rateson U.S. Treasury hills. Chilean lending rates are lines 22860P..zf and 22860P..fzf. US data
from line 11160C..zf. Peso lending rates are adjusted for inflation using line 22864..zf.

33 | nflation adjustment based on the consumer price index as reported in line 22864..zf in IMF (2002) with
1995 as the base year. The assets-based division of 100 billion pesosis chosen becauseit is close to the
sample median of 104 billion pesos. Firms are allowed to switch between small and large in each year. The
sensitivity analysis examines the impact of using different size divisions, or constraining firmsto remainin
one category for the entire sample. Neither modification affects the key results, except that more stringent
definitions for “small” firmsincrease estimates of financia constraints for small firms during the encaje.
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financing sources during the encaje (i.e. financing that is not included in leverage ratios and was
excluded from the tax), and then returned to traditional debt financing after the encaje was
removed. Small firms do not show evidence of similar patterns, and actually show adeclinein
leverage ratios after the encaje. Figure 3 graphs the share of short-term debt in total debt and
shows that smaller firms had greater shares of short-term debt than larger firms during all years
(astraditionally documented in the finance literature), with the differential substantially larger
before and after the encaje. Figure 4 graphs firm stock issuance as a share of beginning-of-period
capital.* Stock issuance increased dramatically for both small and large public firms during the
initial stages of the encaje from 1991-94, but then declined by a comparable amount during the
later half of the encaje from 1994-98. These trends are undoubtedly driven by changesin the
regul ations governing secondary ADRs.* Patterns of stock issuance for small and large firms,
however, are fairly similar and dominated by these aggregate trends.

Finally, Figures 5 and 6 graph investment levels and growth rates. Investment levels are
fairly volatile, so that it is difficult to discern any consistent trends. At the very start and end of
the sample (1988 and 2001), however, smaller firms had average investment levels greater than
large firms, supporting the theory (although clearly not definitive evidence) that the encaje may
have limited investment for small firms. Somewhat more convincing, investment growth in
Figure 6 shows more consistent differences between the groups of firms. Investment growth for
smaller firms was higher than for large firms both before 1991 and after 1998, but rarely during
the period of the encaje. In fact, investment growth for smaller firms plummeted after the encaje
was enacted, while simultaneoudly increasing for large firms. Moreover, around the time that the
encaje was removed, investment growth fell for large firms and increased for smaller firms.
Although none of the relationships depicted in the graphs controls for changes in investment
opportunities or other factorsthat could affect firm-level investment, they do suggest that the

encaje may have differentially affected investment growth in small and large firms.*

* Information on stock issuance is only available for about ¥4 of the sample.

% Secondary ADRs were not subject to the URR between 1991 and 1994, and thereby provided arelatively
cheap and legal method of raising external financing. From 1995 until the encaje was lifted, however,
secondary ADRs were subject to the same tax as other capital inflows, so that they were no longer more
attractive than other sources of external financing. See Section |1 and Appendix A for further information.
% Work in progress by Forbes (2003) performs a more formal analysis of some of the graphical trends
discussed in this section in an effort to explain how the encaje affected financing patterns for different
types of firms. The remainder of this paper, however, only attempts to document whether the encaje
increased financial constraints for different types of firms, and does not explore the channels by which any
such effects occurred.
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V. Estimation and Results

This section performs more formal tests than the graphical trends reported above of how the
encaje affected financing constraints for different-sized, publicly-traded firmsin Chile. It begins
by briefly discussing severa econometric issues in estimating the models developed in Section
I1l. Then it presents the base results, followed by an extensive series of sensitivity tests. The fina
part of this section repeats the base analysis for a set of additional emerging marketsto test if the
Chilean results are affected by any global factors.

A. Econometric | ssues and Estimation M ethodology
In order to estimate the g-based equation (9) and Euler-based equation (16), there are two
problems with asimple OLS, fixed-effects, or random-effects estimator.®” First, many of the
variables in each of the estimating equations are likely to be jointly endogenous—i.e. either
simultaneoudly determined with the dependent variable or subject to two-way causality. For
example, in the g-based equations investment and g may be jointly determined by idiosyncratic
technology shocks, or higher investment could in turn increase acompany’s g value. Second, the
presence of the lagged endogenous variable for investment will bias coefficient estimates.

To control for theseissues, | use a GMM-difference estimator devel oped by Holtz-Eakin,
Newey and Rosen (1990), Arellano and Bond (1991), and Arellano and Bover (1995). This
estimator first-differences each of the variables in order to eliminate the firm-specific effects, and
then uses lagged levels of the variables as instruments.®® Two critical assumptions must be
satisfied for this estimator to be consistent and efficient. First, the explanatory variables must be
predetermined by at least one period. Second, the error terms cannot be serially correlated (or at

least must follow a moving average of finite order). More specificaly, if X' isthe vector of

explanatory variablesin equations (9) or (16) and & isthe error term, then the two conditions are:

E(Xi' &) =0foral s>t, and a7
E(&/&ts) =0fordl s>1. (18)

%" See Beck and Levine (2002) for an excellent discussion of these econometric issues and the advantages
and disadvantages of different panel-GMM estimators.

3 A variant of this estimator is a“GMM-system” estimator developed in Arellano and Bover (1995). This
technique estimates the equation in levels using first differences as instruments, as well as the equation in
differences using lagged levels as instruments. This system estimator requires not only the two assumptions
in equations (17) and (18), but also the additional assumption that there is no correlation between the
differenced explanatory variables and the firm-specific effects. This additional assumption, however, is
rejected in this paper’s dataset, as well asin Laeven (2002), which uses cross-country data to perform a
similar analysis of firm-financing constraints using an Euler-equation model. Therefore, the GMM-system
estimator is not valid for this paper’s tests.
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Arellano and Bond (1991) propose two tests for the accuracy of this estimator. First, a
Sargan test of over-identifying restrictions, which tests the null hypothesis of no correlation
between the instruments and the residuals. Second, atest for different-order serial correlationin
theresiduas. If thistest is unable to reject the null hypothesis of no second-order seria
correlation in the differenced equation, then the level variables lagged by one period are valid
instruments. If thereis evidence of second-order serial correlation, but not third-order (or higher)
serial correlation, then the level variables lagged by two periods are valid instruments.

One potential weakness of this GMM-difference estimator, which is discussed in
Griliches and Hausman (1986), is that first differencing can exacerbate any bias resulting from
measurement error. An additional potential problem isthat the lagged levels of the variables can
be weak instruments for the regression estimated in differences. This could not only increase the
variance of the coefficient estimates, but in small samples, could also generate biased estimates.
This problem is aggravated if the explanatory variables are persistent over time. Staiger and Stock
(1997), however, suggest amethod of testing if the lagged levels are weak instruments. They
recommend regressing the first differences of each of the relevant variables on their instruments,
with an F-statistic less than 5 indicating that the instruments are unreliable.®

An additional concern with this GMM estimator isthat if there is no evidence of firm-
specific effects, it is more efficient to estimate the equation in levels (using lagged levels as
instruments) instead of in first differences. There are two methods to test if the firm-specific
effects should be included in the specification. First, estimate the model in levels and test for the
presence of first-order seria correlation, which would indicate the presence of unobserved firm-
specific effects. Second, estimate the model in levels with firm-dummy variables and then test for
the joint significance of the firm-dummy variables.

A final consideration with the GMM-difference estimator is whether to focus on first-
stage or second-stage robust estimates. The two-stage estimates are more efficient asymptotically,
but often generate standard errorsthat are biased downward (especially in small samples). Asa
result, the two-stage estimates are less accurate for hypothesis testing, and Arellano and Bond
(1991) recommend focusing on the first-stage robust estimates.* Therefore, in the analysis below
| focus on the first-stage robust estimates, although | continue to estimate each of the

specifications using the two-stage robust estimates. As shown in the sensitivity analysis, using the

%9 Carpenter and Petersen (2002) use this strategy to test i lagged levels are adequate instruments for first-
differenced equationsin asimilar analysis of firm-financing constraints. They suggest that an F-statistic
greater than 10 indicates that the instruments are reliable.

“ Beck and Levine (2002) also make this point.
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two-stage robust estimates has no impact on the key results and conclusions, although it does tend
to reduce the estimated standard errors as predicted. Therefore, focusing on the first-stage
estimates is the more conservative set of hypothesis tests and should make it more difficult to find
evidence of increased financing constraints for smaller firms during the encaje.

B. Baseline Resultsfor Chile

Table 4 presents a series of initial results on the impact of the encaje on firm-financing
constraints in Chile (without controlling for firm size). | focus on one-stage robust estimates that
have been corrected for heteroscedasticity, using a maximum of 3 lags of each of the explanatory
variables as instruments.”* Each of the explanatory variables is assumed to be predetermined
instead of strictly exogenous (except the period dummy variables). Columns (1) and (2) report
estimates of the Tobin's g and Euler-equation models, respectively, for the full sample of Chilean
firms during the entire sampl e period from 1988 through 2001. Columns (3) and (4) present
results for the full sample during the period before the encaje was in place (from 1988-1991);
columns (5) and (6) report results for the period of the encaje (from 1992-1997); and columns (7)
and (8) present results after the encaje was lifted (from 1998-2001).* Variable definitions are the
same asin Section 1V and are described in detail in Table 3. The period dummy variables are not
reported, but the row labeled “Period dummies’ reports the Wald statistic of atest of the null
hypothesis that the period dummy variables are jointly insignificant. The lower section of the
table reportstest statistics for the series of tests discussed in Section V.A.

Focusing first on the coefficient estimates, estimates for the financial constraints
variablesin Table 4 fluctuate between positive and negative, and are only positive and significant
during the encaje for the Tobin’s-g model. These results indicate that financing constraints were
not important for the full sample of public Chilean firms during the periods before and after the
encaje, but may have been important during the encaje. The other coefficient estimates generally

support theoretical predictions. The coefficients on lagged investment and g or Sales are usualy

1| focus on estimates using only 3 lags instead of the full possible instrument matrix, because adding
additional lags adds little explanatory power but weakens the explanatory power of the instruments. As
shown in the sensitivity analysis, using fewer or additional lags has no significant impact on the results.

“2 The encaje was enacted in mid-1991 and removed in mid-1998. As shown in Appendix A, however, the
encaje was implemented in phases and slowly phased out, so that it was substantially less stringent in 1991
and 1998. Adopting this narrower definition of the encaje period also leads to a more balanced distribution
of the sample across the different periods, thereby increasing the accuracy of coefficient estimates,
especialy during the earlier period when sample size is limited. Moreover, if the encaje had strong effects
in 1991 or 1998, then this narrower definition should bias results against finding any impact of the encaje
on financing constraints. Finally, the sensitivity analysis explores the impact of using different period
definitions.
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positive, with significance fluctuating across specifications. The period dummy variables also
have fluctuating significance.

Thetest statistics reported in Table 4 support the validity of the model specification and
estimation technique. The Sargan test statistics indicate that in each case, it isimpossible to rgect
the null hypothesis that the over-identifying restrictions are valid.”® Although the test for serial
correlation suggests that second-seria correlation may be a concern for estimates based on the
full period, the tests are unable to regject the null hypothesis of no second-order serial correlation
for each of the sub-periods. Moreover, as discussed in the sensitivity analysis, addressing this
problem by only using the appropriate higher-order lags as instruments has no significant impact
on the key results. | also estimate regressions and the corresponding F-statistics for the
explanatory variablesto test the validity of the instruments. In each case, the F-statistic is greater
than 5, and usually greater than 10, suggesting that the instruments are valid.* Finally, | estimate
each model in levels (instead of first differences) to test if the firm-specific effects are significant.
When | exclude the firm-specific effects, tests indicate that there is first-order seria correlation
for the equation in levels. When | include the firm-dummy variables, an F-test indicates that the
firm-dummy variables are jointly significant.* Both results confirm that there are unobserved
firm-specific effects and therefore the model should be estimated in differences instead of levels.

Next, Table 5 repeats the same analysis as Table 4, but allows financial constraints to
vary for different-sized firms, as specified in equations (9) and (16). More specifically, the top of
the table includes an interaction term between Cash and a size dummy variable, with Sze=1 for
large firms.*® The bottom of the table includes an interaction term between Cash and a continuous
measure of firm size (Sze), which is defined as In(Assets). Therefore, the top of the table captures
different financial constraints, on average, between small and large firms, while the bottom of the
table tests for any linear relationship between firm size and financial constraints.

In both the top and bottom of Table 5, coefficient estimates for the financial constraints
variables (including the new interaction terms) continue to be insignificant for the full period,
suggesting that on average between 1988 and 2001, neither small nor large publicly-traded firms

were financially constrained. Estimates from the different sub-periods, however, suggest that this

| focus on Sargan test statistics based on the two-stage estimates, since these are adjusted for
heteroscedasticity. Sargan test statistics based on one-step estimates (which assume homoscedasticity in the
errors) yield similar results. The null hypothesisis never rejected in either set of tests.

“ For example, for the full period, the F-statistic from the regression of the first difference of Cash on its
instrumentsis 17.50 for the Tobin’s-q based equation and 19.05 for the Euler-based equation.

“ For example, for the full period, the F-statistic from atest of the joint significance of the period dummy
variablesis F(121, 556)=1.35 for the Tobin's q equation and F(130, 558)=1.90 for the Euler equation.

“ Large firms continue to be defined as having inflation-adjust assets greater than 100 billion pesos (the
same definition as used for the graphical analysisin Section V).
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result masks important differences across time. During the period when the encaje wasin place,
the coefficients on Cash are positive and highly significant in both parts of the table, and for both
the Tobin's q and Euler-equation specifications. On the other hand, the coefficients on the
interaction between Cash and Size (measured as either the dummy variable or continuous
variable) are negative and highly significant. These results indicate that during the encaje smaller
public firms were significantly more financially constrained than larger firms on average, and that
as firm size increased, these financia constraints decreased.

As mentioned in Section |11, however, there is extensive evidence that smaller firms tend
to be more financially constrained than larger firmsin arange of countries. The evidence
presented in columns (5) and (6) only showsthat smaller publicly-traded firms were more
financially constrained than larger firmsin Chile between 1992 and 1997, and does not
necessarily indicate that the encaje aggravated these constraints. The resultsin the rest of Table 5,
however, suggest that these differencesin financial constraints between small and large publicly-
traded firms did not exist in the periods before and after the encaje. More specifically, in columns
(7) and (8) there is no evidence of financia constraints for either smaller or large firms for the
period after the encaje waslifted, nor any evidence of a significant relationship between firm size
and financial constraints. The coefficient estimates from the period before the encaje (in columns
(3) and (4)) should be interpreted more cautiously due to the small sample sizes. With this caveat,
the coefficient estimates at the top of the table suggest that before the encaje, financia constraints
for large firms may have been lower than for smaller firms, but that these constraints for smaller
firms were insignificant. Moreover, the bottom of the table finds no significant relationship
between firm size and financia constraints before the encaje. This series of results suggests that
during the encaje, smaller public firms experienced significant financial constraints and were
more constrained than large firms, but that neither of these patterns held either before or after the
capitd controlswerein place.

Not only are the estimated financial constraints for smaller firms during the encaje
significant, but aso the magnitudes of the coefficient estimates suggest that this effect is
economically important. Focusing first on the top of the table with the estimates based on the Sze
dummy variables, an increase in asmaller firm’s cash-stock ratio by one standard deviation
(0.426) during the encajeis correlated with an increase of about 18% to 21% in the firm's
investment ratio.*” The same increase in alarge firm's cash-stock ratio during the encajeis

correlated with a 6% to 8% increase in the firm' s investment ratio. The results at the bottom of

“" Thisis close to the sample mean and standard deviation for the investment ratio of 17% and 20%,
respectively.
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Table 5, with Sze measured by In(Assets), support these large effects. For example, for afirm
with assets of 133 million pesos (the sample mean less one-third the sample standard deviation),
the same one standard deviation increase in the firm’ s cash stock ratio would be correlated with a
19-20% increase in the firm’' sinvestment ratio. If the firm increased its assets by 100 million
pesos (holding everything el se constant), than the same increase in the firm’s cash stock ratio is
correlated with an 11%-12% increase in its investment ratio. Therefore, the estimates from both
the top and bottom of Table 5 suggest that the impact of financial constraints on investment may
have been economically important during the period of the encaje, and that these effects
decreased rapidly as firm size increased.

The other coefficient estimatesin Table 5 follow the same general patterns as reported for
the full sample of firmsin Table 4. The test satistics also indicate that the model continuesto
satisfy each of the assumptions outlined in Section V.A. The only exception is the test for second-
order seria correlation for the estimates based on the entire period, and the Euler-equation
estimates for the post-encaje period. Estimating this model using only higher-order lags as
instruments (in order to satisfy the assumptions for serial correlation), however, has no significant
impact on the results.

In order to further explore this section’s central result that financial constraints are
significant for smaller, traded firms and decrease with firm size during the encaje, | perform an
extension to this base analysis. | divide the sample of firmsinto 5 approximately equally-sized
groups based on firm size (as measured by total assets) and then create a new size dummy
variable for each quintile.*® Then | estimate the Tobin’ s-q and Euler-equation models, including
interaction terms between Cash and each of these size-quintile dummies. Although the degrees of
freedom available for estimation during the pre-encaje period are limited, this approach provides
more concrete evidence on whether financial constraints decrease linearly with firm size. This
approach also provides an informal test of the validity of the testing framework used in this paper
and addresses some of the concerns with this methodology discussed in Section 111.%°

The resulting coefficient estimates are reported in Table 6. The estimates for the encaje
period clearly suggest that as firm size increases, financial constraints decrease. In fact, for both
the Tobin’'s-q and Euler-equation models, the estimated coefficient on Cash is largest for the

“8 | divide the sample into equally-sized quintiles during the encaje period, and then use these divisions
(inflation-adjusted) for each period in order to maintain consistent sizes for each quintile across periods.

“9 For example, if the estimated financial constraints increase with firm size based on these finer gradations,
it is difficult to explain these results based on factors such as results being driven by firm characteristics
other than size, or results being driven by shocks to profit opportunities that are not adequately captured in
g or Sales and are instead incorporated in the coefficient on Cash.

%0 Each specification continues to satisfy the Sargan test and serial correlation test.
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quintile of smallest firms, decreases by about half for the medium-small quintile, and then
continues to decrease with each quintile as firm size increases. In sharp contrast to these results
during the encaje, there is no pattern between financial constraints and firm size either before or
after the encaje. The estimates during the pre-encaje period indicate that larger firms may
actually have been more financially constrained than smaller firms, although it isimpossible to
draw any strong conclusions due to the limited sample size. More striking, however, during the
post-encaje period, the coefficient on Cash is not significant for any of the size quintiles, and
there is no trend between firm size quintiles and financial congtraints.

These results provide support for the testing framework used in this paper. Table 6
suggests that the estimates are capturing relationships between internal finances and investment
for different-sized firms, and not spurious relationships caused by correlations between Cash and
other firm characteristics. These results aso clearly indicate that any financia constraints

resulting from the encaje decreased with firm size.

C. Sensitivity Analysis
This section performs an extensive analysis of the robustness of the key results reported above.
Given the extensive number of tests, | only report a small subset of these results, focusing on
concerns that have been raised most often in the literature. Table 7 summarizes severa tests, and
to conserve space and emphasize the key results, only reports coefficient estimates for the
relevant financial constraints’ variables (although | continue to estimate the full model in
equations (9) and (16)). | focus on results when Cash is interacted with the continuous measure of
firm size (as shown on the bottom of Table 5), although results when Cash isinteracted with the
dummy variable for firm size are equally robust. The top of Table 7 reports the g-based estimates,
and the bottom of the table reports the Euler-based estimates. The base results from Section V. B.
are reported in column (1), and the sensitivity tests are divided into four groups: variable
definitions, model specification, estimation methodology, and sample selection.

| begin by testing if modifying the variable definitions has any significant impact on
results. First, | use different measures of firm size, such astotal sales or market value, and express
each firm size variable in levelsinstead of logarithmic form. Column (2) reports results using the
log of inflation-adjusted sales (instead of the log of inflation-adjusted assets). Second, | use
different time periods to define the pre-encaje, encaje, and post-encaje periods. Column (3) only

includes 1991-94 as the “encaje” , while column (4) only includes the later period from 1994-
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97" | also use aless stringent definition of the encaje, including 1991 and 1998 (yearsin which
the encaje was either enacted or removed). Third, instead of using cash stock at the start of the
period to measure financial constraints, | use severa different definitions of cash flow. Column
(5) reports estimates using net income before preferred dividends (from the previous period and
weighted by the capital stock) to measure Cash. | also use other measures of cash flow, such as
operating income, net income before extraordinary items, and net income (all weighted by capita
stock). Fourth, instead of weighting each of the variables (except g) by the start-of-period capital
stock, | weight each of the variables by the start-of-period assets. Fifth, and finally, Gilchrist and
Himmelberg (1999) suggest that the marginal profit of capital (MPK) can be defined based on
operating profits instead of sales (as defined in equation (15)).> | estimate the model using this
aternative definition.

The next series of sengitivity tests examines the impact of altering the model
specification. Firgt, | follow a number of papersin thisliterature by adding different measures of
leverage to equations (9) or (16).% Column (6) of Table 7 reports results when leverage is
measured by the ratio of total debt to total assets. Second, since the significance of the period-
dummy variables fluctuates across specifications, | exclude the period dummies. Third, since
there is no reason to expect the relationship between financial constraints and firm size to be
linear, | experiment with squared and cubed interaction terms. Column (7) reports results when |
include a squared interaction term. In each case, the additional terms are insignificant and do not
improve the equations’ fit. Fourth, | follow several papersin this literature by including an
accelerator term for investment. More specifically, column (8) reports results when | add aterm
measuring sales growth (weighted by capital).> Fifth, | respecify the models using the growth in
the investment ratio instead of the level of the investment ratio as the dependent variable. Finaly,
in order to test for any effect of business cycle fluctuations on financial constraints, | add a
variable interacting GDP growth with Cash.> Results are reported in Column (9).

As an additional series of sensitivity tests, | examine the impact of using alternate

estimation methodol ogies and assumptions. First, | re-estimate the model using fixed effects or

*! See Section 1 for more information on the strength and coverage of the encaje in different years.

%2 Gilchrist and Himmelberg (1999), as well as Love (2001), argue that the sales-based measure of MPK is
better than the operating-profit based measure because the operating-profit measure assumes that there are
no fixed costs or quasi-fixed factors of production (other than capital). The sales-based measure of MPK
allows for fixed costs and additional quasi-fixed factors of production, although it requires an additional
assumption of a Cobb-Douglas production function.

%3 Lang et al (1996) argue that |everage can be more important than cash flow in determining investment.
> See Gelos and Werner (2001) or Harris et al (1994) for examples of accelerator models used to estimate
investment equations.

% GDP growth is calculated as log differences of annual inflation-adjusted GDP, based on lines
22899B.PXF and 22899B.PWF of IMF(2002).
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random effects, both with and without the lagged term for investment. Column (10) reports
results using random effects (without the lagged term for investment, which causes biased and
inconsistent coefficient estimates under random effects). Second, | use different lag structures.
Instead of using a maximum of 3 lags for each of the explanatory variables, | use only 1 lag, a
maximum of 2, 4, or 5 lags, or as many lags as are available. Column (11) reports results using
just 1 lag. | also re-estimate the model using only variables that have been lagged by two periods
or more (instead of 1 period or more) in order to avoid any bias resulting from any second-order
serial correlation. Third, | try using a broader set of variables asinstruments. For example, |
follow Love (2001) and use lagged values of the operating-profit definition of MPK and cash
flow (weighted by the capital stock) as additional instruments. | also include sales (weighted by
capitd) as an instrument in the Tobin's g equation and/or leverage as an additional instrument in
both equations. Column (12) reports results using the full set of additional instruments. Fourth,
column (13) reports estimates of the base model using the two-stage robust estimator, which
tends to understate standard errors and therefore overstate coefficient significance. Finaly, | alter
my assumptions about whether the explanatory variables other than Cash and its interactions are
constrained to remain constant across periods and size groups.”® More specificaly, Table 8
reports results when | estimate separate equations for each period and size group, thereby
alowing al coefficients (namely 1.1, q or Sales, and the period dummy variables) to vary across
periods and large/small firms. Alternatively, | constrain al of the explanatory variables other than
Cash and its interactions to remain constant across all periods and size groups. Table 9 reports the
results from estimating a single equation for al firms and periods, including interactions between
each of the 3 periods and Cash plus Cash interacted with one of the measures of firm size.

Asafina series of sensitivity tests, | explore the impact of sample selection and
removing any extreme outliers. | remove 1 industry group at atime (based on Table 2), 1L firm at a
time, and 1 year at atime. | also include the observations that were excluded as outliers or
“unrealistic” variables (as described in Appendix B) aswell as exclude the 5 extreme outliers for
each differenced variable. Finally, | create several more balanced panels. More specificaly, |
only include firms with data for every year from 1988-2001, from 1991-2000, or from 1990-

*® |n the main estimates, | constrain the explanatory variables other than Cash and itsinteractions to be
equal for small and large firmsin each period, but allow them to vary across periods. | focus on this
specification because it most closely follows the model developed in equations (9) and (16), which
constrains the additional explanatory variables to be constant across size groups, while not imposing any
additional constraints across periods. Moreover, the estimates in Table 5 suggest that the coefficients other
than the financial constraints variables may fluctuate across periods. Also, the resultsin Tables8 and 9
suggest that modifying either of these assumptions does not change the central conclusions.
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1998. The later division is designed to maximize the number of observations, but include the
same set of firms in each of the time periods. Thefinal set of resultsis reported in column (14).

This series of sengitivity tests reported in Tables 7 through 9 suggests that the key results
reported in Section V.B are highly robust to arange of variable definitions, model specifications,
estimation methodol ogies, and sample selection. In every single test, based on both the Tobin's g
and Euler-egquation models, the coefficient estimates on Cash are positive and significant, while
the coefficients on the interaction term are negative and significant. In sharp contrast, during the
pre-encaje and post-encaje period the coefficients on Cash are almost never positive and
significant, and the coefficients on the interaction term are rarely negative and significant. One of
the few exceptions to these patterns is when the “encaje”’ period is only defined to include 1991-
94 or 1994-97. Although the coefficient signs still follow the above patterns, the estimatesin
columns (3) and (4) suggest that the impact of the encaje on financing constraints for smaller
firms may have been greater during the first half of this period (aresult supported by the

graphical evidence on investment growth in Figure 6).

D. Evidencefrom Other Emerging Markets

One concern with the results reported in Tables 5-9 is that the evidence of greater financial
constraints for smaller, publicly-traded Chilean firms during the mid-1990’ s could be driven by
factors other than the encaje. For example, the series of financia crises starting in Mexico in
1994 and moving to Asiaand Russiain 1997 and 1998 could have reduced investor demand for
investment in smaller, less well-known firms in emerging markets. Or, the growth and
development of Chilean financial markets during the 1990’ s could have differentially affected
small and large firms (although, this effect would a priori be expected to reduce, instead of
increase, relative financia constraints for small firms). Although the time-series nature of this
paper’ s analysis makes it impossible to control for all Chilean domestic events that occurred
simultaneoudly with the encaje, it is possible to examine changes in financial constraintsin other
countries to assess whether changesin the global environment are driving the central results.

To perform thisanalysis, | use the Worldscope database to compile a dataset identical to
that described in Section IV and Appendix B for a set of emerging markets “comparable’ to Chile
(based on geographic location, income per capita, credit ratings, and investor assessments).
Unfortunately, Worldscope coverage is extremely limited for many of these countries, especially
before 1995, restricting the sample of countries that can be included in the analysis. The resulting
dataset includes information for several Latin American countries (Argentina, Brazil and
Mexico), several Asian countries (Korea, Malaysia, Singapore, and Taiwan), and several Eastern
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European countries (Czech Republic, Hungary, and Poland). Table 10 reports the sample’s
distribution across countries and periods.

Table 11 reports estimates of the financial congtraints’ coefficients in equations (9) and
(16) for different groups of non-Chilean emerging markets. More specificaly, it reports the
coefficients for Cash and for an interaction between Cash and firm size (where firm sizeisthe
log of assets, denominated in US dollars).”” The left side of the table reports estimates for Brazil,
Mexico and Singapore, and the right side of the table reports estimates for an unweighted Latin
American index, Asian index, and an index including al 10 emerging markets. Although
coefficient estimates vary significantly across countries/indices and periods, there is no evidence
of patterns similar to those in Chile reported in Tables 5-9. More specifically, during the encaje
period, there is not asingle case in which the coefficient on Cash is positive and significant or the
interaction term is negative and significant. Moreover, for Singapore, Mexico, the Asian index,
and the full emerging market index, there is some evidence that financial constraints may have
increased after the encaje, and that these constraints were decreasing in firm size.

Many of the patterns reported in Table 9 could be caused by the series of crisesin
emerging markets during the 1990’ s (such as increased financial constraints for smaller firmsin
Singapore after 1997). Interpreting each of these coefficientsis beyond the scope of this paper,
but nonethel ess, the tabl e suggests that the evidence of increased financial constraints for smaller,
publicly-traded Chilean firms during the encaje can not be explained by any global shocks or
changes in the external environment that affected comparable emerging markets over this period.

VI.  Conclusions

Managers of small and medium-sized firms in Chile argued that the encaje made it more difficult
to obtain capital to fund productive investment. Despite the attention paid to the macroeconomic
impact of the encaje, there was no empirical evidence supporting or refuting these arguments.
Theresultsin this paper, however, suggest that these complaints were justified. Smaller, publicly-
traded Chilean firms appear to have experienced significant financial constraints during the
period that the encaje was in place, but not before or after. Large Chilean firms do not appear to
have experienced significant financia constraints before, during or after the encaje. Moreover,
during the period of the encaje, there appears to be a strong, linear, inverse relationship between a
firm’'ssize and its degree of financial constraints.

% Results are similar if the interaction term includes a dummy, instead of a continuous variable, for Size.
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These conclusions, however, are subject to several caveats. The sample of firmsfor the
period before the encaje isfairly small. The dataset only includes publicly-listed firms, so that the
results may not apply to a broader set of private companies. The estimates are based on linear
normalizations of economic relationships that may be nonlinear. Many of the variables are
imperfect measures of the underlying economic concept (such as average g to measure margina q
or sales to capture the marginal profit of capital). The GMM estimation technigue may not fully
account for joint endogeneity. Most important, firms are defined as being financially constrained
if their investment is significantly affected by their cash stocks (or cash flows), after controlling
for future expected profitability. Although this strategy to test for financial constraints has been
widely used, thereis still an active debate on the accuracy of this definition and testing strategy.

In order to address as many of these caveats as possible, this paper performs an extensive
series of sengitivity tests. It examines the impact of modifying variable definitions, model
specification, estimation methodology, and sample selection. It also uses two different modeling
frameworks (a Tobin’s-q and Euler-equation methodology) to perform each of the tests. The main
results are highly robust to each of these variations. The paper also repeats thisanalysisfor a
sample of additional emerging marketsto see if the results are driven by changes in the global
environment instead of domestic eventsin Chile. None of the other countries shows evidence of
increased financial constraints for smaller, publicly-traded firms during the period from 1992-97,
indicating that the Chilean results were not driven by external factors.

The consistency and strength of these resultsis particularly striking given three factors
that could either bias the empirica tests against finding evidence of financial constraints for
smaller Chilean firms during the encaje, or at least counteract any such impact. First, the database
used for this analysis does not include the smallest firms in the Chilean economy, and even
under-represents the smallest publicly-traded firms. The coefficient estimates of a highly
significant, negative interaction term between Cash and a continuous measure of firm size during
the encaje indicate a strong negative relationship between financial constraints and firm size.
These results are supported by the estimates based on size quintilesin Table 6. Therefore, amore
representative sample including more of the smallest firmsin Chile—either public or private—
could yield even greater estimates of financial constraints for “smaller” firms.*®

A second factor that would be expected to reduce estimates of the impact of the encaje on

smaller firms' financia constraintsisthe liberalization and growth of Chilean financial markets.

%8 On the other hand, the smallest private firms may be entirely reliant on internal finances or local banks
for external financing during all periods, and therefore be less affected by the encaje than small publicly-
traded firms or medium-sized private firms.
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Asdescribed in Gallego and L oayza (2000), financial market reforms led to the substantial
development and deepening of Chilean financial marketsin the first half of the 1990's (as
compared to the later half of the 1980’ s). This development of domestic capital markets would be
expected to not only decrease financial constraints for all firms, but to decrease financial
constraints for smaller firms relatively more than for large firms (since small firms tend to be
more financially constrained than larger firmsin less devel oped financial markets).>® Although
the period dummy variables may capture any reduction in financing constraints for firms on
average, this development of Chilean financial markets during the 1990’ s could counteract any
increase in financia constraints for smaller firms relative to large firms from the encaje.

A final factor that could counteract any impact of the encaje on financial constraints for
smaller firmsisthe contraction in lending to emerging markets that occurred during 1998 as a
result of the Russian crisis and problemsin Long-Term Capital Management (LTCM). Capital
flows into Chile declined dramatically in 1998, and peso-borrowing rates rose. These factors
would be expected to increase financial constraints for Chilean firms, especially for smaller firms.
Table 11 shows evidence of this effect in several non-Chilean emerging markets. Since 1998 is
included in the post-encaje period, these effects could counteract any reduction in financing
constraints for smaller Chilean firms that resulted from the removal of the encaje.

Despite these three factors that would be expected to reduce estimates of any impact of
the encaje on smaller firms' financial constraints, this paper still finds strong and robust evidence
that the Chilean capital controls significantly increased financial constraints for smaller, publicly-
traded firms, and that these constraints decreased with firm size. These results have important
implications for the debate on the reform of the international financial architecture and the
desirability of implementing taxes on capital inflows. Although other work suggests that the
Chilean encaje might have generated some macroeconomic benefits, there has been no empirical
evidence of any substantial cost to this policy. This paper suggests, however, that the encaje had
the negative effect of increasing financia constraints for small and medium-sized, publicly-traded
firms. This cost could be particularly important for emerging economiesin which small firms are
valuable engines of job creation and economic growth. As result, before countries adopt any
Chilean-style tax on capital inflows, they should carefully weigh the potential benefits against the

negative effects on investment and growth of smaller firms.

% For evidence, see Love (2001) or Laeven (2002).
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Appendix A: A History of the Encaje

June 1991: The unremunerated reserve requirement (URR) was established. 20% of capital
inflows were to be deposited at the central bank in a non-interest bearing, unremunerated account
denominated in the currency of the credit. The holding period was equal to the loan maturity with
aminimum of 90 days and a maximum of 1 year. Borrowers could alternatively opt to pay an
upfront fee (a promissory note at a discounted repurchase priced at LIBOR). The URR applied to
all new foreign borrowing (by banks as well as non-financial institutions) and excluded trade
credit (as long as shipment occurred within the next 6 months).

July 1991: The URR was extended to include the renewals of all borrowings (still excluding
trade credits), as well as any credits linked to FDI projects.

January 1992: The URR was extended to include foreign currency depositsin commercial banks
(held by domestic or foreign residents). The length of the URR for banks was &l so extended to
equal the length of time that a deposit was in place.

May 1992: The URR was raised to 30% and extended to a minimum of 1 year (regardless of the
maturity of the loan). The increase of the rate to 30% did not initially apply to direct borrowing
by corporations, for which the URR stayed at 20%.

August 1992: The above exception for direct borrowing by corporations was removed (so that
the URR for thistype of borrowing also rose to 30%). The discount rate on the paid up-front fee
was raised to LIBOR +2.5%.

October 1992: The discount rate on the paid up-front fee was raised to LIBOR +4.0%.

October 1993: The trade-credit exemption from the URR is extended to include trade credit if
the merchandise is shipped within 300 days. This enlarged the trade-credit loophole.

November 1994: An announcement that starting in January 1995, the URR deposits and
equivalent up-front fee can only be paid in dollars. This substantially increased the implicit cost
of the URR.

July 1995: The URR was extended to include secondary ADRS (since these were no longer
considered as FDI) and other inward financial instruments. Primary ADRs were still excluded
from the URR (since they were viewed as capital additions).

September 1995: The period to purchase foreign exchange after selling ADRs in the domestic
market was shortened to 5 days. (There was previously no regulation of foreigners selling stock
holdings in the domestic market and then taking the proceeds out of the country.)

December 1995: New foreign borrowing to repay old debt (when the new loan is of equal or
shorter maturity than the outstanding loan) was exempted from the URR.

May 1996: The URR was extended to cover “speculative FDI”. FDI is considered non-
speculative, and therefore exempt from the URR, if it “increases productive capacity”. An FDI
committee decides whether FDI is specul ative.

June 1996: Foreign credits can no longer be rolled over more than once a year.
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December 1996: Small foreign borrowing (less than US$ 200,000 per loan or less than US$
500,000 per year) became exempt from the URR.

March 1997: The above exemption for small foreign borrowing was reduced to less than US$
100,000 per year (cumulative).

April 1997: The remittance of funds (principal and profits) from investments by Chileans abroad
were exempt from the URR.

September 1997: Proceeds from closing positions in derivatives/options in foreign markets by
Chileans were exempt from the URR.

June 1998: The URR was reduced to 10%, except for short-term credit lines and foreign-
currency denominated deposits, which remained at existing rates.

August 1998: The URR was eliminated for secondary ADRs.
September 1998: The URR was reduced to 0% for all capital inflows. Foreign investors were
still required to keep money in Chilefor at least 1 year.

Sources: Based on Ariyoshi et al (2000, Table 1 in Appendix I), Gallego et a (1999, Annex 2),
and Simone and Sorsa (1999, Table 1).
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Appendix B: Creation of the Data Set
The data set used in this paper was created in several steps:

* Compileinformation for all Chilean firmsincluded on the September 2002 Worldscope CD-
ROM. Datareported for a maximum of 10 years ending with the latest annual report.

e Augment dataset with historical information from the May 1999 CD-ROM. Additional datais
only included if the historical time seriesis consistent across the two sources.

e Exclude all financial companies, defined as having a 1-digit SIC code of 6.

» Exclude any companiesthat do not have information for at least 1 year for the 3 key variables
necessary to estimate equation (9) or (16) — investment, cash stock, and capital stock. This
leads to 1 additional exclusion (Marbella Country Club).

* Exclude outliers and unrealistic observations for the variables used to estimate the base
specifications for equations (9) or (16). More specifically, exclude individual observations
where:
= K <0 (10 observations)

» [/K<O0(2observations)

= |/K> 3 (4 observations)

» (<0 (0observations)

= > 10 (1 observation)

» Cash/K <0 (0 observations)
= Cash/K > 10 (7 observations)
» SalegK <0 (0 observations)
» Sales/K > 10 (9 observations)
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Tablel
Cost of the Unremunerated Reserve Requirement (URR)

Cost in % per year®
3-month 6-month 1-year
borrowing  borrowing borrowing

1991 1.5 1.5 1.5
1992 (Jan-Apr)? 1.1 1.1 1.1
1992 (May-Dec)? 7.7 3.9 1.9
1993 6.9 3.4 1.7
1994 9.4 47 2.4
1995 10.3 5.1 2.6
1996 9.4 47 2.4
1997 9.4 4.7 2.4

Notes:
(2) In each year, the approximate cost of the URR tax rate (as a percent of loanable funds) is calculated

using the equation: t = ri*+9)T/A+r) , Wheret isthe implied tax rate, r isthe URR rate, i* isthe nominal
D

interest rate for the currency in which the URR is constituted, sis the premium applied to the investor when

borrowing funds to cover the URR (i.e. the country risk premium plus specific credit risks for the investor),

T isthe duration of the URR, and D is the duration of the foreign investment.

(2) The division for 1992 represents changes in the duration of the URR from between 3 months and 1 year
(based on the maturity of the loan) to a minimum of 1 year.

Source: From Ariyoshi et al (2000), Box 4 in Appendix I.
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Table 3: Variable Definitions'

Variable Code | Definition

Assets (total) Sum of total current assets, long-term receivables, investment in
unconsolidated subsidiaries, other investments, and net property,
plant, and equipment. Adjusted for inflation. Calculated at start-
of-period. Expressed in logarithmic form in regressions.

Capital stock K Property, plant, and equipment (net of depreciation) at the end of
the period, less investment (defined below), plus depreciation
and amortization expenses. Calculated at start-of-period.

Cash flow Net income before preferred dividends. Net income isincome
after al operating and non-operating income and expenses,
reserves, income taxes, minority interest and extraordinary
items. Weighted by K in regressions.

Cash stock Cash | Cash and equivalents, which is money available for usein
normal operations, including short-term investments. Weighted
by K in regressions. Calculated at start-of-period.

Debt (total) All interest bearing and capitalized | ease obligations. The book
value of the sum of long- and short-term debt. Calculated at
start-of -period.

| nvestment Funds used to acquire fixed assets, other than those associated

(capital with acquisitions. Weighted by K in regressions.

expenditure)

Leverage Theratio of total debt (defined above) to total assets (defined
above). Calculated at start-of-period.

Market Value (or Market price at year-end multiplied by common shares

mar ket outstanding. For companies with more than one type of

capitalization) common/ordinary share, market value represents the total
market value of the company.

Sales (net) Sales | Gross sales and other operating revenues less discounts, returns
and allowances. Weighted by K in regressions.

Short-term debt The portion of debt payable within one year, including the
current portion of long-term debt and sinking fund requirements
of preferred stock or debentures. Calculated at start-of-period.

Sock Issuance Proceeds from the sale or issuance of stock over the past year.

Tobin’sq Q Defined astotal debt (defined above) plustotal market value
(defined above) divided by the book value of total assets
(defined above). Calculated at start-of-period.

Notes: (1) All variables calculated in Chilean pesos.

(2) Given the limited time seriesinformation available for many companies, it isimpossible to
use an iterative technique, such as in Fazzari, Hubbard and Petersen (1988) to estimate the
replacement value of capital for the denominator of g. Due to the complications in calculating
this replacement val ue, the use of the book val ue of total assets has become fairly common.
Moreover, Perfect and Wiles (1994) show that the improvement in the measurement of g from
more complicated calculations is limited, especially when the regression analysisincludes

firm-fixed effects.
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Figure 1: Lending Rates in Chile (1989-2001)
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Notes. Stripped lending rates are Chilean lending rates less U.S. T-hill rate. Data from IFS (2002).

Figure 2: Leverage (total debt/assets) for Chilean Firms
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Figure 3: Short-Term/ Total Debt for Chilean Firms
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Figure4: Stock Issuance/Capital for Chilean Firms
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Figure5: Investment/Capital (1/K) for Chilean Firms
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Figure6: Growthin I/K for Chilean Firms
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