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Abstract

UNCERTAINTY AND FIRM INVESTMENT
Evren Cubukgil
Exeter College
D.Phil. Econimics

Hillary Term 2011

This thesis explores effects of uncertainty on firm investment that are described in estimates
of firm level investment specifications which include proxies for uncertainty over expected future
firm profitability. A panel data set of UK firms covering the period 1987-2000 is used to estimate
firm level investment specifications. Within year volatility in stock returns - a common proxy for
firm specific uncertainty in previous literature - is compared with covariance measures between
stock returns and market returns representing un-diversifiable risk from the CAPM; and with
alternative uncertainty proxies based on volatility in I/B/E/S securities analysts’ forecasts of
earnings per share. Within estimates of firm level investment specifications, the thesis investi-
gates the sensitivity of coefficients on uncertainty terms to the choice of underlying investment
specification: error correction model between the natural logarithms of capital and sales; or the
Hayashi (1982) Q model of investment. Coefficients on stock return volatility measures of uncer-
tainty terms are found to vary significantly between estimates of error correction and average q
specifications. Differences between coefficients estimated on uncertainty terms across estimates
of these two investment specifications are supported with simulated data. Uncertainty measures
based on volatility in I/B/E/S securities analysts’ forecasts of earnings per share are found to
be much more informative of investment behaviour than within year stock return volatility in
estimates of both error correction and average q specifications. Coefficients on I/B/E/S uncer-
tainty proxies imply more consistent investment-uncertainty relationships across estimates of

error correction and average q specifications for the UK panel data set.
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0.1 Thesis Introduction

The focus of this thesis is on the relationship between firm level investment and uncertainty.
The concept of uncertainty being addressed is over the expected future operating environment
that is relevant to the profitability of a firm’s investment opportunities. This relationship is
investigated empirically in a panel data set of UK listed firms over the period 1987-2000; as well
as with simulated panel data sets generated by a program developed by Professor Nick Bloom
of Stanford University. Econometric analysis is based on Generalized Methods of Moments

estimates of firm level investment specifications.

In previous empirical literature on this topic (Leahy and Whited (1996), Bulan (2005), and
Bloom, Bond and VanReenen (2007)), measurement of uncertainty over firm’s expected future
operating environments has been based on within year volatility in daily firm stock returns.
Alternative measures of uncertainty have been used to investigate similar firm level investment-
uncertainty relationships: Guiso and Parigi (1999) and Bond and Lombardi (2004) use proxies
based on managers’ perceptions of future demand uncertainty; and Bond and Cummins (2004)
construct various measures based on disagreement in I/B/E/S securities analysts’ forecasts of
earnings per share to capture information on firm specific uncertainty over future operating

environments.

Overall findings of this body of literature point to a negative effect of uncertainty - as con-
trolled for by the various proxies - on firm investment. In select studies(Bloom, Bond and
VenReenen (2007), Bond and Lombardi (2004) and Bond and Cummins (2004)), negative ef-
fects of uncertainty on firm investment responses to changes in demand have been implied by
coefficients on uncertainty-sales growth interaction terms included in estimates of firm level in-
vestment specifications. This result is consistent with effects of greater uncertainty / volatility
in demand conditions described by theoretical models in which firm investment decisions have

real option values.

Chapters 1, 3, 4 and 5 of this thesis present econometric results from including different mea-

sures of uncertainty in estimates of firm level investment specifications with the same UK panel



data set of firms. Chapter 1 focuses on measures of within year stock return volatility - the un-
certainty proxy that appears most frequently throughout previous empirical literature on firm
level investment-uncertainty relationships. As in previous empirical literature, results presented
in Chapter 1 imply a negative effect of stock return volatility on firm investment responses to

demand shocks.

Chapter 3 compares the effects of within year volatility in firm stock returns to covariance
of firm stock returns with returns to a market index; the latter measure represents the concept
of systematic or un-diversifiable risk addressed in Capital Asset Pricing Models (CAPM). This
comparison was first made in Leahy and Whited (1996), in the contexts of a simple investment
specification which included only terms in uncertainty, risk and average q. Bulan (2005) made a
similar comparison by including linear uncertainty terms in a more general average q specifica-
tion. Chapter 3 builds on this line of previous research by comparing effects of uncertainty and
financial risk in the contexts of an error correction specification between the natural logarithms
of capital and sales. Additionally, both linear and sales growth interaction terms in uncertainty
and risk are included in estimates of investment specifications. Results presented in Chapter 3
are consistent with previous studies, in so far as controls for systematic risk from the CAPM

have no significant effect in estimates of firm level investment specifications.

Chapter 4 decomposes the uncertainty measure based on within year volatility in stock returns
into idiosyncratic and systematic components following two different approaches in Bloom,
Bond and VanReeen (2007) and Bulan (2005). The findings of the latter studies are confirmed
in the UK data set, in which firm investment-uncertainty relationships appear to be captured

exclusively by firm specific or idiosyncratic components of within year volatility in stock returns.

Chapter 5 compares the effects of within year stock return volatility and volatility in I/B/E/S
securities analysts forecasts of earnings per share. Bond and Cummins (2004) is the only pre-
vious work the author is aware of, which makes use of I/B/E/S analysts’ forecasts of earnings
per share to construct proxies for firm specific uncertainty over future operating environments.

Whereas the I/B/E/S uncertainty measures in Bond and Cummins (2004) focus on disagreement



between securities analysts’ forecasts, the proxy in Chapter 5 incorporates different information
into a measure based on volatility of forecasts over time. The results of Chapter 5 suggest that
the I/B/E/S uncertainty measures are more informative of investment behaviour than within

year stock return volatility.

Previous empirical research into the relationship between firm investment and uncertainty has
focused on estimates of single investment specifications; in some cases comparing coefficients
estimated on alternative measures of uncertainty, but always in the same specification. The
analysis across the chapters of this thesis includes estimates of alternative investment spec-
ifications in order to assess the robustness of investment uncertainty relationships described
by different uncertainty proxies. The two investment specifications compared throughout the
thesis are based on an error correction model between the natural logarithms of capital and
sales and the Hayashi (1982) Q model of firm investment. Empirical research into relationships
between firm investment and uncertainty has focused almost exclusively on variants of these

two specifications.

In the analysis presented in Chapter 1, estimates of firm level error correction and average
q investment specifications describe roughly similar investment uncertainty relationships. How-
ever, negative coeflicients on uncertainty-sales growth interaction terms are larger in magnitude
and much more significant in estimates of the error correction specification. Differences in coef-
ficients across estimates of the two investment specifications in Chapter 1 are significant enough
to suggest that policy recommendations, attempting to take into account effects of uncertainty

on firm level investment, could be influenced by the choice of estimated investment specification.

Chapter 2 uses a simulation program developed by Professor Nick Bloom of Stanford Uni-
versity to further explore differences between firm level investment-uncertainty relationships
described by estimates of error correction and average q specifications in firm level panel data.
The simulation program is driven by a stochastic demand process, which - combined with non
convex cost functions to adjusting firm capital stocks - creates real option values to investment

opportunities. Within year volatility in firm value functions is used as an empirical proxy



to uncertainty - or volatility in the stochastic demand process driving the simulation. This
simulated uncertainty proxy is included in estimates of both average q and error correction
specifications as in the analysis of Chapter 1. Varying the magnitude of real option values,
and introducing measurement error into uncertainty proxies based on within year volatility of
firm value functions suggests that estimates of error correction and average q specification will
not always provide consistent insights into firm level investment-uncertainty relationships in the

same panel data set.

In Chapter 5, comparison between stock return volatility measures of uncertainty and the
proxies based on volatility in I/B/E/S analysts’ forecasts of earnings per share shows that the
I/B/E/S proxy captures a more significant effect of uncertainty in estimates of error correction
and average q investment specifications. In the UK data set of firms, stock return volatility
measures of uncertainty do not contain any additional information that cannot be controlled for
using I/B/E/S uncertainty terms based on within year volatility in security analysts’ forecasts
of earnings per share. Furthermore, whereas coefficients estimated on stock return volatility
measures of uncertainty varied in magnitude and significance between error correction and aver-
age q specifications, coefficients on the I/B/E/S uncertainty measures describe more consistent

investment-uncertainty relationships across estimates of the two specifications.

Results presented throughout this thesis have several implications for future research into re-
lationships between investment and uncertainty over future operating environments of firms.
When attempting to describe effects of uncertainty in estimates of firm level investment spec-
ifications, the magnitude and significance of such effects may be sensitive to the choice of
underlying investment specification. This appeared to be an issue using stock return volatility
measures of uncertainty in the UK data set used in this thesis; and was supported with results
from simulation analysis. However, alternative uncertainty measures may be more informative
than others and less sensitive to the choice of underlying investment specification. Any future
study on the relationship between firm investment and uncertainty may meaningfully expand
the scope of its analysis by comparing results from estimates of alternative investment specifica-

tions and measures of uncertainty. This thesis has found that focusing exclusively on estimates



of a single investment specification and a single measure of uncertainty, one may overlook mean-
ingful aspects of firm level investment-uncertainty relationships - and perhaps even overlook the

relationship all together.
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Chapter 1

Comparing Effects of Stock Return
Volatility Based Proxies for
Uncertainty in Estimates of Error
Correction and Average Q

Investment Specifications

1.1 Introduction

This chapter builds on previous empirical research into effects of uncertainty on firm level in-
vestment behaviour; comparing results from estimating alternative investment specifications
with a panel data set of UK firms covering the period 1987-2000. Stock market based proxies
for uncertainty over future operating environments are included in the investment specifications
to investigate possible effects of uncertainty on firm investment behaviour. The two investment
specifications being estimated are based on an error correction model between the natural log-
arithms of capital and sales, and the Q-model developed in Hayashi (1982). Bloom, Bond and
VanReenen (2007) and Bond and Lombardi (2006) have estimated investment specifications
based on error correction models, reporting negative coefficients on interaction terms between

uncertainty proxies and sales growth; implying a negative effect of uncertainty on the response

11



of investment to demand shocks. Similar results were reported in Bond and Cummins (2004)
using an underlying investment specification based on controls for average q. Previous empirical
research into this topic has been focused within the context of a single investment specification;
possible differences in coefficients estimated on uncertainty proxies between different investment

specifications have not previously been explored in the empirical literature on this topic.

The concept of uncertainty addressed in these studies (and in the current chapter) is based
on uncertainty over (expected) future operating environments, which relates to variance in the
expected profitability of a firm’s investment opportunities. This chapter follows previous em-
pirical literature! and constructs a proxy for this concept of uncertainty based on within year
volatility of a firm’s daily stock returns. Under the assumption that stock markets are pricing
expected discounted revenues effectively, greater volatility in equity returns over a given period
should reflect more significant changes in expectations arising from greater uncertainty over a

firm’s future operating environment.

This concept of uncertainty over a firm’s future operating environment is related to volatil-
ity in demand /productivity conditions used to describe firm level investment-uncertainty rela-
tionships in the theoretical literature on investment under uncertainty. In theoretical models
which consider risk neutral, value maximizing firms, irreversibility of investment in the cap-
ital stock can combine with volatility in demand conditions to create real option values to
delaying investment decisions. The value of these options is positively related to the level of
demand volatility /uncertainty; more valuable real options to delay then have a negative effect
on investment responses to demand shocks in such models. Volatility in demand/productivity
conditions can also result in positive or negative effects of uncertainty on optimal investment
through Hartman-Abel effects on the expected marginal revenue product of capital. Stock mar-
ket based proxies for uncertainty, similar to the one used in this chapter, have been relied on to
investigate the predictions of theoretical models with real option and Hartman-Abel effects of

uncertainty.?

Teahy and Whited (1996), Bloom, Bond and VanReenen (2007), and Bulan (2005)
*Leahy and Whited (1996)
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This chapter finds that in a panel data set of UK listed firms, estimates of average q and
error correction investment specifications describe similar investment-uncertainty relationships.
However, estimates of the average q specification implied weaker and less significant effects of
uncertainty on firm investment. Effects of uncertainty on investment behaviour are captured in
these two specifications by negative coefficients estimated on interaction terms between mea-
sured uncertainty and sales growth. Significant negative coefficients on these interaction terms
imply lower investment responses to demand growth at higher levels of uncertainty; which is
consistent with firms behaving as though they hold more valuable real options to delay their
investment decisions. Whereas coefficients on uncertainty-sales growth interaction terms were
significant at the 5% confidence level in the error correction specification, the same coefficients
were smaller in magnitude and significant at only the 10% confidence level in average q specifi-

cations.

Differences between coefficients estimated on uncertainty sales growth interaction terms in the
error correction and average q specifications arise due to the combined influences of the mea-
sure of investment used and differences in controls for investment dynamics between the two
specifications. By comparing various estimates of hybrid investment specifications, containing
both the forward-looking terms of the average q specification and the backward-looking terms
of the error correction specification, the significance and magnitude of coefficients on uncer-
tainty terms are shown to be sensitive to the measurement of investment as well as changes in

explanatory variables.

If firms tended to delay investment decisions at higher levels of uncertainty, the impacts of
fiscal and monetary policy on firm level capital expenditure could be severely delayed given
high levels of uncertainty over future market conditions. It is important to confirm the consis-
tency of evidence for such effects across estimates of alternative investment specifications, and
to understand any differences that may arise as a result of specification choice. Based on esti-
mates of investment specifications obtained using the data set of UK firms in this chapter, the
results for the average q specification imply a smaller and less significant effect of uncertainty

on firms’ investment responses to demand shocks. These results suggest that policy recom-

13



mendations, attempting to take into account effects of uncertainty on firm level investment,
could be influenced by the choice of estimated investment specification. The findings presented
here suggest that further empirical research may be needed, using other data sets, to confirm
potential differences in effects of uncertainty described by alternative investment specifications.
Future empirical research into effects of uncertainty on firm level investment should consider

the sensitivity of results to the choice of estimated investment specification.

The remainder of the Chapter is organized into 7 sections: Section (2) reviews relevant em-
pirical and theoretical literature on firm level investment-uncertainty relationships; Section (3)
provides an overview of the two investment specifications estimated here; Section (4) briefly
summarizes the panel data set of UK firms; Section (5) details the System GMM estimation
procedure used in this Chapter and throughout the remainder of the thesis; Section (6) presents
the empirical results from estimating the investment specifications; Section (7) compares esti-
mates of investment specifications from this chapter to the findings of previous empirical litera-
ture; Section (8) concludes. The conclusion is followed by by Data Set and Instrument Selection
appendices as well as an annex which addresses the sensitivity of key empirical results to the

value of coefficients estimated and imposed on error correction and average q terms.
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1.2 Literature Review

Hartman-Abel and real option effects are two important channels through which economic the-
ory has modelled the effects of uncertainty on firm level investment. These models of investment
define uncertainty as volatility in demand or productivity conditions faced by a value maximiz-
ing risk neutral firm in isolation. This concept of uncertainty can be contrasted with concepts of

financial risk which emphasize covariance between rates of return (such as with CAPM models).

Hartman-Abel effects, named after their exposition in Hartman (1972) and Abel (1983), re-
sult from Jensen’s inequality and uncertainty over the future price of output: if the marginal
revenue product of capital is convex (concave) with respect to the price of output, uncertainty
over the future price of output will have a positive (negative) effect on the expected future
marginal product of capital, and the optimal level of the capital stock in the absence of capital
adjustment costs; or on the target/desired level of capital in the presence of capital adjustment
costs. The sign of this effect is to a large extent determined by the demand and production
functions assumed for a firm, and the concavity/convexity of the firm’s resulting net revenue
function, which is also influenced by the functional form of capital adjustment costs 3. Hartman-
Abel effects of uncertainty operate on the optimal/desired level of the capital stock and can be
contrasted with effects of uncertainty which influence adjustment towards that optimum/target

level, such as real option effects of uncertainty.

The mechanics of investment uncertainty relationships arising from real options are thoroughly
described in Investment under Uncertainty (1994) by Dixit and Pindyck. When investment
is to some degree irreversible (or partially irreversible?), and the marginal revenue product
of capital varies over time with output price (or more generally with demand or productivity
conditions), the real options literature describes upper and lower bounds between which, val-
ues of marginal revenue products of capital result in no investment or disinvestment. Within
this zone of inaction the real option value of delaying additional investment, while awaiting
new price information, is greater than the discounted marginal revenue product of additional

capital. The investment uncertainty relationship described by this literature is based on wider

3Caballero (1991)
4Reversing investment decisions is costly
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zones of inaction (more valuable real options to investing) at higher levels of price (/demand or
productivity) uncertainty. The wider zones of inaction, in turn, require higher prices (/demand
or productivity conditions) to justify positive investment. Thus, real option values will cause
firms to delay changes in their capital stocks, adjusting more flexible factors of production in

response to changes in demand.

Real option values of investment require decreasing returns to scale in the net revenue function
of a firm (resulting from some combination of decreasing returns to scale in the production
function, and/or imperfect competition), combined with some fixed or irreversible component
of capital adjustment costs®. Relative to Hartman/Abel effects, real options effects of uncer-
tainty operate primarily through adjustment costs to changing the capital stock. There can be
no real option value to delaying investment decisions if there is little cost to reversing them.
Consequently, as irreversible (or partially irreversible) adjustment costs are augmented, real

options become more valuable - intensifying the investment uncertainty relationship.

Comparing the implications of these two effects on optimal investment behaviour, real op-
tions have more short term effects, whereas Hartman Abel effects impact long run investment
dynamics. The direct effect of real options is delayed investment responses to changes in de-
mand at higher levels of uncertainty, resulting in (relatively) ambiguous changes to long run
investment dynamics. Hartman-Abel effects directly impact optimal long run capital stocks,

independently of costs to adjusting the capital stock.

1.2.1 Theoretical Predictions of Models with Real Options

The short run effect of real options on investment is more accurately described as changes in
the timing of investment decisions and not in the amount of investment eventually undertaken
by a firm. The real option, created by uncertainty in the future profitability of a (partially)

irreversible investment, represents the expected value in waiting for new information instead of

Sfixed cost to changing the capital stock, or a resale price of capital goods that is lower than their purchase
price

16



investing immediately. Dixit and Pindyck (1994) describe this value as a wedge between the
optimal expected net present value (NPV) of discounted future revenue at which investments
should be undertaken, and the traditional zero NPV rule, under which all investments with
positive NPV are undertaken. This wedge, or option value to investment, is increasing in the
variability of the stochastic price process; thus higher uncertainty leads to a higher value of the

option to delay investment.

Abel and Eberly (1996) examine the effects of real options in the contexts of variable (non-
binary) investment for a Cobb-Douglas production unit facing a stochastic iso-elastic demand
curve, and partial capital irreversibility, defined as a wedge between the selling and buying price
of capital. They show that when capital is partially irreversible the firm holds put and call op-
tions on contracting and expanding the capital stock. These options result in an optimal trigger
policy of investment by which the firm undertakes no investment (or disinvestment) whenever
the marginal revenue products of additional capital increments lie between optimally defined
lower and upper bounds. When the marginal revenue product of capital reaches one of these
boundaries, the firm will either buy or sell capital to remain on the boundary of the inaction
zone. The area between the two optimal trigger points (within which the firm undertakes no
new investments) is shown to increase with the volatility of the stochastic component of the
iso-elastic demand curve, reflecting the more valuable put and call options of contracting and

expanding the capital stock.

Although higher levels of uncertainty lead to more cautious investment behaviour - in response
to a given demand shock - in models with real options, there is no unambiguous effect of un-
certainty on the amount of investment undertaken over a specific time period. In these models
higher uncertainty implies higher productivity thresholds at which investment will be under-
taken. However, higher uncertainty also implies more volatile productivity conditions over time;
leading to ambiguous effects on the probability that investment thresholds are reached and the

amount of investment undertaken over a given period of time.

In the context of a single dichotomous investment decision Sarkar (1999) investigates the effect

17



of uncertainty, in the form of net cash flow volatility, on the adoption of an investment project
with fixed sunk costs. The paper is partly motivated by past literature in which negative
relationships between investment and uncertainty are predicted from the positive effect that
uncertainty has on the value of call options to delay investment in models with irreversibility.
Sarkar (1999) notes that, in such models, beneath the higher investment thresholds caused by
greater uncertainty, expected returns take on greater volatility over time. Whereas the higher
threshold has a negative effect on investment decisions, the greater volatility in expected re-
turns exerts a positive effect on the probability of the threshold being reached. Sarkar (1999)
evaluates the effect of uncertainty on investment by considering its effect on the probability of
the stochastic expected cash flow reaching the investment threshold within a given time period
T. The results show that the general effect of higher uncertainty on investment is ambiguous.
Under the parameterizations chosen in the paper, the model demonstrates a positive relation-
ship between the probability of investment and uncertainty at low values of uncertainty; but
for higher values of uncertainty this relationship is reversed. However, the overall changes in

the probability of investment over the range of uncertainty values considered was minimal.

Bloom (2000) shows that uncertainty (taken as the variance of stochastic demand conditions
faced by a firm) affects investment behaviour primarily through the firm’s short run investment
response to demand shocks. This result is shown with a model developed in Eberly and Van
Mieghem (1997) in which a firm makes partially irreversible hiring and investment decisions in
multiple types of both labour and capital. Bloom (2000) demonstrates that both the vector of
capital types and the vector of labour types will have the same long run growth rates as a firm
facing complete reversibility in capital and labour. ¢ Bloom (2000) notes that the only unam-
biguous effect that uncertainty has on investment behaviour is in the short run, by widening the
region of inaction between the adjustment thresholds of capital and labour (as demonstrated in
Eberly and Van Mieghem (1997)). In the case of each capital or labour good, greater demand
shocks will be required to bring the marginal revenue product of the production input to its
higher (or lower) adjustment threshold. This result decreases the aggregated investment -across

the firm’s different types of capital- in response to demand shocks at higher levels of uncertainty.

5This does not eliminate possible effects of uncertainty on the long run level of the capital stock. Optimal
frictionless levels of labour and capital types may be higher or lower relative to the case of partial irreversibility,
despite identical growth rates between the two cases.
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The results presented in Bloom (2000) were shown to hold for all classes of models in which
(i) the firm’s revenue function is jointly concave and homogenous of degree v < 1 in all lines
of capital and labour; (ii) the individual lines of capital and labour types are complementary
in production (ie. the revenue function is super-modular ); (iii) all types of labour and capital
are subject to partial irreversibility implied by a purchase price that is strictly higher than the
resale price; (iv) the demand shocks have multiplicative impacts upon the revenue function and

are generated by a stationary Markov process.

Abel and Eberly (1999) addresses the effect of higher uncertainty on long run expected capi-
tal stocks in the context of a single firm with Cobb-Douglas production technology, facing an
iso-elastic, stochastic demand function, and completely irreversible capital investment decisions,
and no depreciation of the capital stock. They show that in the long run the average level of the
firm’s capital stock under complete irreversibility, relative to the case of costless reversibility,
will depend on the opposition of what they term user cost and hangover effects of irreversibil-
ity. User cost effects depress the irreversible capital stock, relative to the case of complete
reversibility, as firms facing higher levels of uncertainty increasingly respond to demand shocks
by delaying investment decisions in favour of holding their options. Whereas the hangover effect
acts to increase the relative irreversible capital stock in periods when demand conditions have
deteriorated from higher levels. Greater volatility in demand conditions cause such reversals to
become both more frequent and substantial. Abel and Eberly (1999) show that the net impact
of these opposing effects on the expected capital stock of firms facing complete irreversibility is
ambiguous and depends on the entire history of demand shocks and investment decisions. For
a given model parameterization, the relative irreversible capital stock is found to increase with
uncertainty, at low levels of uncertainty, but at higher levels the relative capital stock tends to
decrease with uncertainty. As in Sarkar (1999) the overall variation in capital stocks over the
range of uncertainty values studied was vary small, varying only about 1%. Abel and Eberly
(1999) notes that the long run effect of uncertainty does not only depend on the level of un-
certainty, but also on the parameterization of their investment model. The sign and magnitude

of the investment uncertainty relationship can change substantially with the chosen parameter
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values for the revenue function in Abel and Eberly (1999).

Bond, Soderbom and Wu (2007) shows through simulation study, the long run effects of un-
certainty on capital accumulation in a model similar to that of Abel Eberly (1999) but in
the separate contexts of fixed, partial and quadratic costs to adjusting the capital stock. The
authors show that under partial irreversibility of capital, and separately under fixed costs to
adjusting the capital stock, uncertainty has a similar effect on capital accumulation as in Abel
and Eberly (1999) and Sarkar (1999). That is, increasing uncertainty from small levels tended
to increase capital stocks relative to costless irreversibility; whereas increases from larger levels
of uncertainty had the opposite effect on capital accumulation. However, as in Abel and Eberly
(1999), the resulting changes in relative capital stock were minimal over the range of uncertainty
values explored. In the case of strictly quadratic costs of capital adjustment, the study found
a strong negative effect of uncertainty, decreasing capital stocks by as much as 20% relative to
the case of costless reversibility. It is important to note that in the latter case there are no real
option values to delaying investment decisions under strictly quadratic adjustment costs. Fixed
costs, or partial irreversibility in adjusting the capital stock, are necessary to create real option
values to investing. As in the case of Abel and Eberly (1999), the authors found that the sign
and magnitude of long run effects of uncertainty on capital accumulation were sensitive to the
parameterization of the underlying economic model; significant positive and negative long run

effects of uncertainty resulted from different parameter choices for the simulation model.

The results from the various investment models discussed above, suggest that real option values
to investment are not inconsistent with positive, negative or even insignificant effects of uncer-
tainty on long run expected capital stocks, or the level of investment undertaken over specific
time periods. The most robust prediction of models with real options is a negative, short run,
effect of uncertainty on the investment response to demand shocks. This results from the wider
zone of inaction between the optimal investment triggers at higher levels of uncertainty. For
some current level of marginal productivity of capital within the zone of inaction, the greater
the uncertainty, the larger is the demand or productivity shock required to bring the marginal

revenue product to the investment trigger. Bloom, Bond and VanReenen (2007) use a simulated
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panel data set to show that this negative effect of uncertainty on the impact effect of demand
shocks on investment is robust to extensive aggregation both across time and within firms over

multiple production units.

1.2.2 Empirical Studies of Firm Investment Under Uncertainty

The relationships between uncertainty and investment predicted by the theoretical models dis-
cussed above rely on a rather restricted definition of uncertainty. Future costs of inputs, trans-
port costs, taxes, regulatory or political conditions are all assumed to be known or constant,
and the results are derived for changes in volatility of stochastic demand functions. Attempts
to test the predictions of these models, and explore other possible relationships between invest-
ment and uncertainty in empirical data have relied on broader concepts of uncertainty faced by
firms. Measures of within year volatility in stock returns were used to proxy for firm specific,
idiosyncratic uncertainty in a firm’s operating environment by Leahy and Whited (1996), Bulan
(2005) and Bloom, Bond and VanReenen (2007). Survey data on managers’ perceptions of the
distribution of future demand was used as a proxy for demand risk by Guiso and Parigi (1999)
as well as by Bond and Lombardi (2006). Disagreement in security analysts’ equity forecasts
was used as a proxy for uncertainty of firms’ future profitability by Bond and Cummins (2004).
Employing these various proxies of uncertainty, several empirical studies have uncovered firm
level, investment uncertainty relationships consistent with the predictions of the theoretical lit-
erature. A significant number of these studies have relied on investment specifications based
on either error correction models between the natural logarithms of capital and sales, or those

based on measures of average q.

Leahy and Whited (1996) explored the effects of linear uncertainty terms in a regression of

the ratio of current investment to capital stock ( Ilgltt) on measures of average q with US data

covering the period 1981-1987. They found evidence of a negative relationship between uncer-
tainty and the investment rate which was determined to operate through average q. Using a

sample of US firms from 1964-1999, Bulan (2005) estimates a modified Q-theory investment
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specification which regressed the investment rate on linear uncertainty terms, average q and
additional explanatory variables such as demand growth, lagged investment rates and cash flow
terms. In this study significant, negative coefficients estimated on uncertainty terms implied
additional effects of uncertainty not captured by average q. Bond and Cummins (2004) uses US
data from 1982-1999 to estimate a similar modified Q-theory investment specification, which
includes an additional interaction term between uncertainty and demand growth. Bond and
Cummins(2004) find significant negative effects of uncertainty on the short run investment re-
sponse to changes in demand, and on long run capital accumulation. These effects were found to
influence investment behaviour beyond controls for current expectations of future profitability

such as average q.

Using data on UK-listed companies over the period 1971-1991, Bloom, Bond and VanRee-
nen (2007) estimates an error correction specification between capital and sales, which includes
both linear uncertainty terms as well as uncertainty sales growth interaction terms. They find
a significant negative coefficient on the interacted uncertainty term: implying a substitution
towards more flexible factors of production and smaller investment response to changes in de-
mand at higher levels of uncertainty. Bond and Lombardi (2006) use a similar error correction
specification to Bloom, Bond and VanReenen (2007), also estimating a significant negative co-

efficient on an interaction term between uncertainty and sales growth.

Interpretations of estimated signs on uncertainty terms in the contexts of Hartman-Abel and
real option effects of uncertainty have varied slightly between studies. There is a tendency in
empirical literature to associate negative effects of uncertainty with the presence of real options
or irreversibility of investment decisions. However, the real options literature does not predict a
negative relationship between uncertainty and the growth rate of the capital stock. Higher levels
of uncertainty directly affect the timing of investment decisions through real options. Long run
effects of real options and uncertainty on average capital stocks relative to frictionless optimums
are ambiguous. Leahy and Whited (1996) contrast models in which marginal revenue products
of capital are convex or concave with respect to random variables, predicting positive or nega-

tive effects of uncertainty respectively. They emphasize models of irreversible investment with
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real options when interpreting a negative coefficient estimated in a regression of the investment
rate on a linear uncertainty proxy. Bulan (2005) also interprets a negative coefficient estimated
on a linear uncertainty term in a modified Q-theory investment specification, as evidence of
real option effects of uncertainty.” However, linear relationships between investment rates (or
the growth rate of the capital stock) and measures of uncertainty provide limited evidence of
real options and irreversibility. In Bloom (2000) higher levels of uncertainty have no effect on
the growth rate of the capital stock relative to the frictionless case. Abel and Eberly (1999)
and Bond Soderbom and Wu (2007) show that in models with real options there is no clear
relationship between uncertainty and the long run level of the capital stock either. The most
robust relationship between uncertainty and investment behaviour in models with real options
is the negative short run effect of delaying investment responses to changes in demand at higher

levels of uncertainty.

Including an interaction term between sales growth and an uncertainty proxy in an investment
specification is more appropriate to allow (or test) for the relationship between investment and
uncertainty predicted by models with real options than including linear uncertainty terms. Neg-

ative coefficients estimated on such terms®

are consistent with delayed investment responses to
changes in demand at higher levels of uncertainty, as production becomes more intensive in
flexible factors. Regardless of the effect of uncertainty on the growth rate or level of the capital

stock, all theoretical models with real options predict a delayed investment response to demand

growth at higher levels of uncertainty.

The investigation into the relationship between firm level investment and uncertainty in empir-
ical data later in this chapter will allow for separate long run - linear - effects of uncertainty on
the ratio of capital to sales; and short run effects of uncertainty on the investment response to
demand. The latter effect will be allowed for in estimated investment specifications by includ-
ing an interaction term between sales growth and the chosen uncertainty proxy. In conjunction
with a linear term in sales growth, the interaction term will allow the investment response to

demand growth to vary with the level of firm specific uncertainty. In the previous empirical

"Other empirical work including Ghosal and Loungani (2000), Mauer and Ott (1995) and Metcaff and Hasset
(1995) have discussed the effects of real options in the contexts of negative effects of uncertainty on investment.
8 As found by Bond and Cummins (2004), Bond and Lombardi(2004) and Bloom, Bond and VanReenen (2007)
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literature specifications based on either error correction models or those based on average q
have been the sole focus in exploring the effects of uncertainty on firm level investment. One
of the main contributions of the current investigation, to that literature, will be to determine
whether the significance of investment uncertainty relationship is dependent on the choice of

underlying investment specification.
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1.3 Investment Specifications

This section offers a brief overview of the investment specifications used to investigate the effects
of uncertainty on firm level investment behaviour. These are an error correction specification
between the natural logarithms of capital and sales and a specification based on the Hayashi
(1982) Q-model of firm investment. The section provides an overview of the different assump-
tions which operationalize these two specifications, and how they are appended with uncertainty

proxies.

1.3.1 Error Correction Model

The error correction specification described here is based on an assumption of CES production
functions with or without constant returns to scale. Profit maximizing conditions derived for
this class of production functions form the basis of a co-integrating relationship between the
natural logarithms of firm capital stock and sales. The error correction specification separately
controls for short run investment dynamics and the adjustment of the capital stock towards a
long run optimum. This could be important for differentiating short run effects of uncertainty,

possibly resulting from real options, from those that may impact long run investment dynamics.

The error correction specification is derived from a firm’s static factor demand model for capital

characterized by the following optimization problem:

Vi(Ki-1) = (mazr,, L (K, Le, 1) + Brya Ee[Vigr (Ky))) (1.1)

Where V; is the maximized value of the firm in period ¢, II;(.) is the firm’s net revenue
function in period ¢, K3 is the firm’s capital input, L; is the firm’s labour input, I; is gross

investment in capital, By41 = is the firm’s discount factor where p;;1 is the risk-free rate

1
1+pep1
of interest between period ¢ and period ¢t + 1 and F|.] denotes the expected value conditional

on information available in period t. The equation of motion for the capital stock is defined as
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Ki=(1-0)K1+1, (1.2)

where 0 denotes the rate of depreciation for capital, which is assumed to be exogenous and

fixed. In the absence of any adjustment costs the net revenue function takes the form®
I (K, Lty It) = peF(Ky, Ly) — P{{It —wily (1.3)

where F(Ky, L) is the production function, p; the price of the firm’s output, p/ the price of

capital and w; the wage rate of labour.

The solution to the optimization problem (1.1) subject to the constraint (1.2), can be charac-

terized by the first order conditions

_ @5[;) Y (1.4)

At = <g}1’g> + (1 = 0)Ber1Ee[Ais1] (1.5)

() o 00

Where \; = 1—i5 (8?{‘31) is the shadow value of inheriting one additional unit of capital

in period ¢t. Equation (1.4) implies that the cost of acquiring additional units of capital in
period t will be equated with their shadow values. Equation (1.5) describes the evolution of
the shadow value of capital along the optimal path of the capital stock, and equation (1.6) is

the standard first-order condition for labour, equating its cost with its marginal revenue product.

Substituting <%—1};> = —pk into Equation (1.4) and combining the result with Equation (1.5)

yields,

K
(55 ) - (1 -a —6>ﬁt+1EtZ;“]> e (1.7

9Where p; and pX represent real prices
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which implies that the marginal revenue product of capital will be equated with the Jorgenso-

nian user cost of capital.

Assuming that the firm has a CES production function with elasticity of substitution ¢ and
elasticity of scale v, and faces a downward sloping iso-elastic demand curve given below by

Equations (1.8) and (1.9), its gross -real- revenue function will be given by Equation (1.10).

o=1 o—1]5=1"
F(Lt,Kt) = Qt = At aLLt 7+ GKKt 7 (18)
_71
Pt = BtQtn (19)
Where B, is homogeneous in a nominal price index p’®™ - growth in which represents price
inflation - whereby gross nominal sales can be deflated to real sales.!”
B, = Bop™
1—1
Rgom — BtQt n
1—-1
Ry = BoQ; " (1.10)

Based on Equation (1.3) for the firm’s net revenue II; and Equation (1.10), the partial

derivative g—% = g—f& can be substituted into the first order conditions in Equation (1.7) to

solve for the optimal level of capital in the firm’s static factor demand model.

8Ht 8Rt 1 — aQt
o e [y L\ g o 94t 1.11
8Kt 8Kt < 77> OQt 8Kt ( )

1071 the data set this is done based on the UK GDP deflator, for more details refer to the Data Set Section
and Data Appendix.
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0 o—1 o-1\ o1V 1 -1 o—1_
oG _ ( 7 v> Ay (aLLt" +akK,° ) <U )aKKt" ' (1.12)
g

Qi <At> z =1y
— =v| = ag K, ° 1.13
0K, Q¢ Quark (1.13)
0Q¢ g=1 q1_o-1 g=1_1
Tf(t = 'UAtGU Qt v CLKKt 7 (]_].4)

Before substituting the expression for g% into Equation (1.11), it is re-arranged to be a

n

function of R; and not Q); based on the relationship Q; = (%) e implied by Equation (1.10)

for revenue. This is done so that we will eventually arrive at an expression for optimal desired

capital stock as a function of gross revenue or sales which is more easily observed than output.

bo et (RN e
By

ok, — VAT agK, (1.15)

Substituting Equation (1.15) into Equation (1.11) yields

OR 1 ooy (RN TS e
8Kt’ - (1 - n) BUAt g (&)) aKKt o (116)

Substituting Equation (1.16) for gln(i in the first order conditions in Equation (1.7) yields

the following equation for the optimal level of the capital stock,

on o—1 o
N L) s —1\°?
K =a% <B;>" A (Bovnn ) o (1.17)

Where Cy denotes the user cost of capital. Taking the natural logarithm of both sides yields

oc—1

—1
ki = oln <CLK1JB()77 > + Oy; + ar — ocCt (1.18)
n

where lower case letters denote natural logarithms, In(R;) has been substituted with y; and

ov ) n—1

0 = (% (1 — U_l) 4 ) The special case of a Cobb Douglas production function with

constant returns to scale and elasticity of substitution of unity is implied by the parameter
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values ¢ = 1 and v = 1, and will reduce Equation (1.18) to
ki =a+4+y —c (1.19)

where a; = In (aKBonT_l) 1

Equation (1.18) specifies a relationship between optimal capital stocks and sales for a firm
with a CES production technology, but with no adjustment costs to changing the capital stock.
In order to develop Equation (1.18) into an econometric specification that can be estimated with
empirical data, it is necessary to assume a stationary difference between the natural logarithms
of frictionless optimal capital stock (k;, = log(K;,)) and the natural logarithm of the optimal

capital stock of a firm facing adjustment costs (k;; = log(K;+)).
Assumption 1. k;; = k:;-"’t + €+ where €, s a stationary series

Similar assumptions have been made for error correction specifications in previous empirical
research: Mairesse, Hall and Mulkay (1999), Caballero, Engel and Haltiwanger (1995), Bloom,
Bond and VanReenen (2007) and Bond, Elston, Mairesse and Mulkay (2001). Theoretical re-
sults from Bloom (2000) have shown that for a firm facing partial irreversibility in the form of
asymmetries between the purchase and sale price of capital, the growth rate of a firm’s capital
stock is the same as if it were hypothetically investing in a frictionless capital stock. This implies
that if firms in the data sets faced only partial irreversibilities to changing their capital stocks,
Assumption 1 should hold. Bloom, Bond and VanReenen (2007) show that in a simulated panel
of firms, each made up of multiple individual production units, facing stochastic iso-elastic
demand functions and a combination of fixed, partial and quadratic adjustment costs, the nat-
ural logarithm of firm level capital behaved as though it were co-integrated with the natural
logarithm of sales; which in the case of their investment model implied that the growth rates
of the capital stocks of these simulated firms were approximately equal to the growth rates of

hypothetical, frictionless, desired capital stocks.'?

Applying assumption 1 to Equation (1.18) results in a long run relationship between log capital

111 the case that the firm has constant returns to scale and faces perfect competition, there is no solution for
the optimal frictionless capital stock, and this possibility has to be ruled out

12Consistent with this finding, Chapter 2 reports results obtained from simulated data sets generated by the
Bloom, Bond and VanReenen (2007) program for multiple capital adjustment cost specifications, which support
co-integrated behaviour between k; : and y; +.
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and log sales that forms the basis of the error correction model estimated with the firm level
data. If k;; and y; ¢ are non-stationary I(1) series, and ¢; is 1(0), and Equation (1.18) and
Assumption 1 hold in the data, then the two series k;; and y; ; should be co-integrated by the
vector © = [1,—6]. It is also assumed that variation, across firms and over time, in the user
cost of capital and remaining production and demand function parameters in Equation (1.18),

can be controlled for by firm and time specific dummies.'3

kit = Oyir +a; + by + €44 (1.20)

To control for potential serial correlation in the residuals of Equation (1.20) and to capture
additional short run dynamics, lagged k;; and y;; terms are added to the regression specifica-
tion.'* Adding first and second lags of log capital and log sales to equation (1.20) yields the

following autoregressive distributed lag specification with second order dynamics [ADL(2,2]'°
kit = Bikis—1 + Bokit—o + qoyic + a1yis1 + Qayis—a + by + ai + € (1.21)

By simply adding and subtracting terms in log capital and log sales from both sides of Equation

(1.21) it can be re-written in the following form.

Aky = (ao +a1+a—(0)(1 - P — 52))1/1’,1‘,71 — BaAki 1 — a2Ayi 1 (1.22)
+aoAyir — (1 — 81— B2) (ki1 — Oyip—1) + by + a; + €y

Equation (1.22) is an error correction specification with an additional term in y;;—1. The
restriction % = 6 (which implies the coefficient on y; ;1 is zero) can be imposed on the
coefficients of the ADL[2,2] model in Equation (1.21), resulting in an error correction model

of the type given below in Equation (1.25). When the ADL|[2,2] model is re-arranged to the

13Similar assumptions were made in Mairesse, Hall and Mulkay (1999) and Bond, Elston, Mairesse and Mulkay
(2001)

“The same assumption was made in Bond, Elston, Mairesse and Mulkay (2001) and dates far back in the
investment literature to Bean (1981), and can also be motivated by the representation theorem of Engle Granger
(1987) when parameterizing the equilibrium condition in an error correction specification.

5Where a; and b; are given by a; — E?lejai and by — Z?le]’bt_j under the assumption that e;; =

2
€it + 2 51 PiCit—j-
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form of Equation (1.23) this restriction implies an equilibrium for constant k;; and y;; which

is consistent with Equation (1.20) above.

kit — Bikis1 — Bokit—2 = QoUis + C1¥is—1 + QoYis o+ @i + by + €54 (1.23)

(1= 51— Ba) k= (ap + a1 + a2) y + a; + by + €4 (1.24)

Akiy = —Polkiy1— Ay 1+ oAy — (1 — 1 — B2) (kig—1 — Oyig—1) + s +ai +ey (1.25)

When estimating Equation (1.22) a t-test of the coefficient on y;;—; conveniently tests
the null hypothesis % = . The failure to reject this null, together with evidence of
co-integration between the individual time series k;; and y;, supports this error correction
specification between the natural logarithms of sales and capital of firms in the panel data set.
In the UK data set estimates of Equation (1.22) presented in Section 6 did not reject the
hypothesis that % = 0 = 1 based on t-tests of the coefficient estimated on y;¢—1. This
is consistent with Cobb Douglas Production functions with constant returns to scale, and an

equation for optimal desired frictionless capital stocks given by Equation (1.19) as opposed to

Equation (1.18).

1.3.2 Modified Q-Model

Investment specifications based on the Hayashi (1982) result, relate the investment rate to the
expected value of additional units of capital through their shadow value. Relative to the error
correction specification, which contains only backward looking measures, the shadow value of
capital is a completely forward looking statistic for investment. The result of Hayashi (1982)
is that under linear homogeneity of a firm’s profit function, marginal ¢; (defined as the ratio
of the shadow value of an additional unit of capital )\; to its replacement cost p!) is equal to
average (.
At Vi

gzt M 1.26
Y B SRy o (1.26)
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Here V; is the expected discounted value of the profit maximizing firm, § is the depreciation
rate of capital and K;_1 is the previous period’s capital stock. If the firm is assumed to operate
in a perfectly competitive environment, with a profit function of the form of Equation (1.27)
and costs to adjusting the capital stock given by Equation (1.28), the first order condition for

optimal investment can be expressed in the form of Equation (1.29).

(K, I, &) = peF(Ky) — pi [T+ G(1y, Ky, €4)] (1.27)
b/ 1 2
G(Itht,ﬁt) = 5 |:<_K1Et> —a— ét:| Kt (128)
I 1
é =a+3Qte (1.29)

Here Q; = (¢ — 1), F(K}) is output, I; is investment, p; is the price of output and ¢ is a

stochastic shock to the adjustment cost function.

Relative to the error correction specification this Q-model of investment does not require a
specific functional form of the production function. However, the Q-model does require con-
stant returns to scale and perfect competition for linear homogeneity of the profit function,
together with the quadratic adjustment costs to arrive at the linear relationship between the

investment rate and average q described by Equation (1.29).

When the Hayashi (1982) assumptions hold @Q; is a sufficient statistic for the investment rate,
and all effects of uncertainty should affect investment through @Q;. Moreover, the assumptions
of perfect competition, constant returns to scale and strictly convex adjustment costs eliminate
real options from investment decisions. Thus, only Hartman-Abel type effects should be acting
on investment (through ;) when these assumptions are valid, and any coefficients estimated

on uncertainty terms added to Equation (1.29) should be insignificant 6.

When the Hayashi (1982) assumptions do not hold, or stock market data used to construct

average ¢ (Vi + in Equation (1.26)) is influenced by non-”"fundamental” factors!'”, Qi+ in Equa-

16Teahy and Whited (1996) found that regressing investment rates on uncertainty terms resulted in significant
negative coefficients which became insignificant once they controlled for average q
"Unrelated to the expected discounted value of future profits
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tion (1.29) will not capture all relevant information about the expected future profitability of
investment. In such cases additional variables can add explanatory power to the basic Q-model
for the investment rate.'® If the structure of the original @ model is maintained, the additional
variables control for information about the expected future profitability of capital. In the spec-

i1

ification estimated in this chapter (and throughout the thesis) the lagged variable (z~—-) is

added to the "basic” average q specification, to mitigate serial correlation in the residuals, and
a sales growth term is added to try to separately control for short run investment responses to
changes in demand. Adding an additional term in lagged sales growth creates a correspondence

with the structure of the error correction specification.

I; I+
S MQit 4 Ao £ N A1+ MA@+ b+ ey (1.30)
K, Kii 1

Although the basic Q-theory specification in Equation (1.29) is based on a relationship between
investment and the expected future profitability of capital, the modified Q-theory specification

in Equation (1.30) can also be roughly interpreted as a type of non-linear error correction

Vi

specification. Comparing Q;; = =0 K1
] —

— 1 to an error correction term, it could be control-
ling for an adjustment of the capital stock towards an equilibrium ratio of firm value to capital
stock. If the firms in a data set were making some long run adjustment towards an optimal
capital stock that was proportional to the value of the firm, the @;; term in Equation (1.30)
could be capturing aspects of these investment dynamics. Further to this point the Q;; term
in the average q specification is a forward looking measure based on discounted present value

of the firm, whereas the error correction term represents a backward looking measure meant to

capture convergence towards equilibrium desired capital stocks.

183ee Bond and Cummins (2004) and Bulan (2005) in which significant coefficients are estimated on additional
explanatory variables in Average Q specifications.
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1.3.3 Uncertainty Terms

The effects of uncertainty on investment will be investigated by adding both linear terms in an
uncertainty proxy (Ac;¢, 0i¢—1) and a term which interacts the uncertainty proxy with sales
growth (o;+ * Ay;+) to each of the investment specifications. Equation (1.31) below includes

these terms in the error correction specification from Equation (1.26)

Akip = —PBoAkii—1 — aAy; 11 + 0Ays s + 70058 * Ayt + 71A05 4 + Y2051 (1.31)

+ (1= 81— Ba) (ki1 — Oyie1) + by + @i + €z

The coefficient 7o estimated on the interaction term o;; * Ay, ; allows for the uncertainty
proxy to influence the investment response to changes in demand. A significant negative esti-
mated coefficient on this interaction term would be consistent with the predictions of theoretical
investment models with real options: at higher levels of uncertainty, firm level investment is less
responsive to shocks in demand; reflecting the wider zone of inaction between boundaries of the
optimal trigger policy of firm investment described in Abel and Eberly (1996). If changes in
sales are resulting in smaller changes in capital stock at higher levels of uncertainty, it implies
firms are substituting away from capital to more flexible factors of production, in response to

demand shocks at greater levels of uncertainty.

The term 051 allows the error correction term and the long run optimal capital stock to
vary with uncertainty. Equation (1.20) can be re-written as below, which allows the long run
capital stock to vary with uncertainty. Co-integrating relationships between k; ; and y; ; are not
compromised by the inclusion of o;; in the expression derived for the long run desired capital

stock - provided that o;; is stationary.

kit =0vyis +Coip +a; + b+ €t
Allowing the long run desired capital stock to vary with uncertainty as in the expression
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above, results in the uncertainty appended error correction term in which (1 — By — 1) = 72

in Equation (1.31).

(1 =1 — B2)(kig—1 — Oyiz—1) + (1 — Bo — B1)Coit—1

A significant positive (or negative) coefficient estimated on ¢;;—1 could indicate the relative
importance of hangover and user cost effects on capital accumulation, relative to the frictionless
optimum k7, = a + yi¢ — ¢; given in equation (1.19)'9. The coefficient estimated on the term
Aoc;, allows for additional short run effects of uncertainty on the investment rate (Ak;;) not

captured by the coefficient estimated on the uncertainty interaction term.

The modified Q-model, appended with the uncertainty terms is shown below.

I; Lt 1
Kf’t =MQi¢+ /\2%1 + A3AYit—1+ MAYit + 7000t % AYit + 1 A0t + 72001t ai b+ €y
it it—

)

(1.32)

It is important to note that the nature of the modified Q model can blur the interpretation
of coefficients estimated on the uncertainty terms. When Hayashi’s (1982) assumptions are valid
all effects of uncertainty impact investment indirectly through changes in Q);;. Theoretically,
as the assumptions are relaxed or measurement error is introduced into V4, it is difficult to
determine how much of the uncertainty effects continue to operate through @;:, and to what
extent additional uncertainty terms can independently control for them. Abel et al (1996)
show that marginal q reflects changes in real options values and uncertainty. The results of
Chapter 2, obtained with simulated data, demonstrate that using data in which firms hold real
option values to investment decisions, lower investment responses to changes in demand can be
captured appropriately by coefficients on uncertainty sales growth interaction terms. However,
it is conceivable that changes in marginal q resulting from greater real option values at higher

levels of uncertainty, could be controlled for by average q.?°

1911 the case of the Cobb Douglas production function

29Results with the simulated data provided no indication that changes in real option values and lower investment
responses to demand growth at higher levels of uncertainty were being captured by average q terms, given the
specific parameterization of the underlying investment model.
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1.4 Data Set

The data set used in this chapter is based on panel data used in Bond et al. (2004), which
merged data from the DATASTREAM and I/B/E/S databases in an investigation into the role
of cash flow, Tobin’s QQ and expected profitability in estimates of firm level investment specifi-
cations. Data on securities analysts’ earnings forecasts for 703 publicly traded UK companies
between 1987 and 2000 was provided by I/B/E/S International, which was matched with stock
market valuations and company accounts data on investment, sales and other financial variables
obtained from DATASTREAM International. The resulting data set of Bond et al. (2004) cov-
ered 703 UK listed firms between 1987 and 2000, which were represented in both the I/B/E/S
and DATASTREAM data. Beginning with the Bond et al. (2004) data set four proxies of firm
level uncertainty were constructed using stock return data and forecasts of earnings per share
from the I/B/E/S data; observations in the top and bottom percentiles of these uncertainty
measures were removed from the Bond et al. (2004) data set, resulting in a subset of 655 firms,
for which there were at least 4 consecutive firm year observations. The 655 firms provide 4,908
firm year observations with which to estimate error correction and average q investment speci-
fications.?! The average time dimension available for estimating the specifications is 5.49 years

- taking into account firm year observations lost to lagged variables in the specifications.?? 23

Among other variables, the data set in Bond et al. (2004) contains time series of average
q, capital stocks?*, investment, and real sales for each firm, which are used to estimate the aver-
age q and error correction specifications in this Thesis. Both sales and investment are expressed
in constant prices (real terms), with nominal sales reported in DATASTREAM adjusted by
the GDP deflator, and investment having been deflated by the quarterly business investment
deflator implied by the UK National Accounts. 2°> The stock return volatility based proxy for

uncertainty used in the current chapter (o;;) is calculated as the standard deviation of daily

21Gectoral coverage of firms included in the sample is presented in Table D1 of the data appendix

22The average time dimension for the sample itself if 7.49 years, as the average q and error correction specifi-
cation include second order lagged variables.

23The author would like to thank Steve Bond (Nuffield College Oxford), Richhild Moessner (The Bank of
England), Haroon Mumtaz (The Bank of England) and Murtaza Syed (The International Monetary Fund) for
their work in calculating uncertainty proxies based on I/B/E/S earnings per share forecasts in the Bond et al.
(2004) data set.

24Calculated according to a standard perpetual inventory method, see the data appendix for more details

25Details on the variables used to calculated the investment and sales series, along with capital and average q
can be found in the Data Appendix
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percentage changes in stock prices over a 365 calendar day period ending on the date of the
accounting period observation from DATASTREAM. For more details on the construction of

the latter variables please refer to the data set appendix at the end of this chapter.

Table 1 below presents some summary statistics for the variables used to estimate the av-
erage ( and error correction specifications in the current Chapter. The means of the first
difference of the natural logarithm of capital Ak;; and the ratio of investment to the capital
stock (%)26 are very similar relative to their standard deviations. The mean growth of the
capital stock (Ak;¢) is larger than the mean growth of sales (Ay;+), which is consistent with
decreasing returns to scale in the marginal revenue product of capital. Both mean values of the
error correction term (k;; — y;+) and the average q term (Q;) are consistent with adjustment
towards larger optimal capital stocks within the contexts of the average q and error correction

investment specifications.
[TABLE 1 HERE]

Table 2 below presents summary statistics for similar variables from the data set used
in Bloom, Bond and Van Reenen (2007), which estimates similar error correction investment
specifications over a much longer, but older, panel data set covering 672 publicly traded firms
from the DATASTREAM data base between the periods of 1972 to 1991. In the Bloom Bond
and Van Reenen data set, sales is reported in constant (real) prices, whereas investment and
capital are reported in current prices. Aside from the time period and pricing, the key difference
between the data set in the current chapter and the Bloom, Bond and Van Reenen (2007) data
set, is the selection of firms covered by the I/B/E/S data base. On average, one would expect
firms covered by securities analysts in the I/B/E/S data base to be larger publicly traded
companies than those in the Bloom, Bond and Van Reenen (2007) data base. However, the
common variables between Tables 1 and 2 all have very similar mean values, within roughly
half a standard deviation from each other. As in the case of the smaller and more recent data
set used in the current chapter the mean value of Ak;; is larger than that of Ay;;. What is

most striking is the similarities between the uncertainty proxies o;; in these two data sets?7;

26The two measures of investment in the error correction and average q specifications respectively.
2"The uncertainty proxy calculated in Bloom, Bond and Van Reenen (2007) is calculated in the same way using
daily DATASTREAM firm stock return data.
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both the mean and standard deviation of o;; is almost unchanged between Tables 1 and 2.

[TABLE 2 HERE]
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1.5 Estimation

The estimation results presented throughout this chapter (and in the remainder of the thesis)
are obtained using a System Generalized Method of Moments (GMM) procedure developed
by Arellano and Bover (1995) and Blundell and Bond (1998).28 GMM formulates a set of
orthogonality restrictions or moment conditions for specific econometric models and finds pa-
rameter estimates that come as close as possible to achieving those orthogonality properties in

the sample. For example:

yi=f(z,)+u; i=1,..N B is Kzl

g(x;) = % sit. E(zlu;) =0 zi ts Lzl

The econometric model specifies L (population) orthogonality restrictions E(zju;) = 0

1 & 1 &
=N Z N Z f (@i, B)]
GMM estimators choose BGM M to minimize the distance between bn(BG M) and zero.
Relative to the basic First Differenced GMM estimator (see Arellano and Bond (1991)),
which uses lagged levels of endogenous variables in moment conditions of equations in first
differences, the System GMM estimator exploits additional linear moment conditions between
equations in levels and lagged first differences of endogenous explanatory variables. The key
requirement of System GMM estimators is that unobserved individual specific effects be uncor-
related with the instruments used in the levels equations. In the case of equations in first differ-
ences, individual specific effects are eliminated by the difference transformation. The validity of
the instrument sets for equations in levels and in differences is evaluated using Sargan/Hansen
tests of over-identifying restrictions. The validity of several alternative sets of instrumental
variables and lag lengths is evaluated using Differenced Sargan/Hansen tests in the Instrument
Appendix. The advantage of using System GMM estimates over more basic First Differenced

GMM estimates is that the former should have greater efficiency and smaller finite sample bias

28The System GMM estimator is implemented using Stata 10 through the xtabond2 command for panel data
with a two step covariance matrix and Windmeijer (2005) robust standard errors.

39



than the latter, as a result of exploiting additional, valid, linear moment conditions?”.

When using small T large N panel data sets to estimate equations which contain unobserved
individual specific effects, GMM estimators provide more accurate results compared to OLS or
Within Groups estimators which become inconsistent when individual specific effects are cor-
related with explanatory variables. This point can be clearly illustrated with the example of a

simple AR[1] model with unobserved individual specific effects:

Yit = QYit—1 + (0 + Vi) ol <1 t=2,..,T

In the case that Ely;;—1vi¢] = 0 then pliméors > a as a result of positive correlation
between y;;—1 and 7;. In the case of within groups estimators obtained by using OLS on

transformed variables:

1

Yit = Yit — ﬁ(ym + .+ ¥ir)

- 1
Tit—1 = Yit—1 — ﬁ(yi,l + .+ YiT-1)

I;’i,t =Vt — ﬁ(Vi’Q + ...+ V'i,t)

Uit—1 and 7;; are correlated even though the transformation eliminates the presence of indi-
vidual specific effects. With regards to the Within Groups transformed variables, all correla-

1

tions of order 7= are negative: corr(y; -1, T_—fll/i,t_l) and corr (v, T_—fly@t). This suggests

that E[g;+—17;¢] =< 0 and is of order ﬁ (i.e. Elfit—17it] — 0as (T —1) = 00.3Y Thus
plimy_o@wa < a for fixed T', and the Within estimator is inconsistent as the cross-section

dimension of the panel becomes large. However, the Within estimator is consistent as the time

dimension of the panel becomes large.

In the case of the error correction and average ¢ investment specifications estimated using
firm level panel data, firm specific effects would undoubtedly be present across heterogeneous

firms in the sample. Such firm specific effects would be correlated with lagged dependent vari-

2See Blundell and Bond (1998)
30For more details see Nickell (1981)
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ables, average q and sales growth terms in the investment specifications. Thus we would expect
OLS and Within Groups estimates of the investment specifications to have respective upward
and downward biases in the presence of unobserved firm specific effects. Blundell and Bond
(1998) show using Monte-Carlo simulations that in the case of simple autoregressive models
with unobserved firm specific effects, OLS estimates are biased above the true parameter esti-
mates and Within Groups estimators have a negative downward bias. Furthermore they show
that First Differenced GMM estimates have a downward bias and lie above Within Groups
estimates. System GMM provided the most accurate estimates lying between those produced
by First Differenced GMM and OLS. Blundell and Bond (1998) show that within small sam-
ples, weak instruments cause large finite sample biases when using first Differenced GMM to
estimate autoregressive models for moderately persistent series; the authors show that these
finite sample biases can be dramatically reduced by the additional linear moment conditions
of the system GMM estimation procedure. In Section 6 System GMM parameter estimates of
the error correction specification are shown to lie between OLS and First Differenced GMM

estimates; the latter being higher than Within Groups estimates.

For each set of GMM results presented in this chapter and throughout the remainder of the
thesis Arellano-Bond tests for autocorrelation are reported for the differenced residuals of the
specifications. The Arellano-Bond test statistics are reported for up to 4th order serial cor-
relation in the differenced residuals. Under the null hypothesis of no serial correlation in the
first differenced residuals the test statistics should follow a standard normal distribution. It
is expected to find evidence of first order autocorrelation in the differenced residuals due to
the presence of €;;—; terms in both Ae€;; and Ae; ;1. Therefore to test the null hypothesis
of no first-order serial correlation in €;; in levels, the null hypothesis of no second-order serial
correlation in differences should be tested, to investigate correlation between €; ;1 in Ae¢; ¢ and
€¢t—2 in A€; 9. Rejection of the hypothesis of no nth order autocorrelation in differenced resid-
uals implies that lag n of endogenous variables are invalid as instruments for equations in first
differences, and lag n — 1 of first differenced endogenous variables are invalid instruments for

equations in levels.
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For each set of GMM estimation results the p-value of the Sargan-Hansen (or Hansen J) test
of over-identifying restrictions is reported. The Sargan-Hansen test statistic is the minimized
value of the two-step GMM criterion function®'. Under the null hypothesis that the moment
conditions are valid, the test statistic should follow a y? distribution with degrees of freedom

equal to the number of instruments less the number of explanatory variables.

3! As implemented in the xtabond2 command in STATA 10
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1.6 Empirical Results

This section presents results from estimating the specifications based on average q and the er-
ror correction models appended with uncertainty terms. The results are obtained using System
GMM?32. Significant negative coefficients were estimated on the interaction term o4 % Ay, ¢ in
both the error correction and average q specifications. However, the magnitude and significance
of coefficients on o;  * Ay; ; were consistently lower in estimates of the average q specification.??
Estimating hybrid models which include the right hand side variables of both specifications
suggest that including error correction terms in the specification may be important for esti-
mating significant coefficients on uncertainty interaction terms. However, of the two controls
for investment behaviour: (k;;—1 — yi¢) and Q;4, the latter is more informative when both
terms are included in the hybrid investment specifications. It also appears that (); ; controls for
some linear effects of uncertainty that are captured by larger and more significant coefficients
on Ao;; and o;;—1 terms when @;; is excluded from estimates of the average q specification.
Furthermore, estimates of the hybrid investment specifications imply that the measurement of
investment has a significant effect on coefficients estimated on uncertainty sales growth inter-

action terms; whereby specifications in which investment is measured as Ak;; tended to have

larger and more significant coefficients on uncertainty interaction terms.

1.6.1 Time Series Properties of the Variables

Table 3 below shows OLS estimates of AR[1] models for the series of the natural logarithm of
capital and sales (k;+ and y; ), their first differences, and the error correction term (k; ; —yl-7t).34
The data is found to support a co-integrating vector of ® = [1, —1] between the natural log-

arithms of capital and sales, which is consistent with Cobb Douglas production technology.3?

The error correction specification assumes stationarity in the series (k; ¢ — 6y, +), which controls

32Implemented in STATA 10 using the command ztabond2 with a two step covariance matrix and Windmeijer
(2005) robust standard errors

33These results are broadly robust to adjustments of the uncertainty proxy for effects of financial leverage and
for weekend effects, however using within year standard deviations in weekly as opposed to daily stock returns
decreased the significance of coefficients on uncertainty sales growth interaction terms.

34Bach regression included a full set of year dummies for the sample

35Results presented in Tables 6 and 7 demonstrate that this value of 8 is indeed consistent with the restriction
placed on the coefficients of the ADL([2,2] and ADL[1,1] models, which result in error correction specifications.
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for convergence towards an equilibrium level of capital stock.

[Table 3 Here]

The autoregressive (AR[1]) coefficients estimated using the series k; ; and y; ; are highly per-
sistent, and the time series of their first difference appears stationary.3® Although, the ARJ[1]
coeflicient estimated on (k;; — y;¢) is also indicative of a highly persistent series, it is signifi-
cantly lower than the coeflicients estimated with its individual components in columns 1 and 2.
Table 4 below shows results from estimating AR[4] models for the series k; ¢, vi+ and (ki — yi+)

using OLS and a full set of year dummies.?”

[Table 4 Here]

A Wald test of the joint insignificance of the coefficients estimated on the lagged differences
of the dependent variable rejected the null for the series k;; and y;;; the same test failed to
reject the null hypothesis for the series (k;; — yi¢). The sum of the AR coefficients in the first
two columns of Table 4 are slightly closer to 1 than in the case of the simpler AR[1] models
in Table 3. The most important feature of the results presented in Table 4 is that taking the
difference between k;; and y;; decreases persistence of the series relative to its individual com-
ponents. Evidence of stationarity in the series (k;; — ;+) in the two tables above support the

use of the error correction specification to describe investment in this data set.

Table 5 below presents OLS estimates of AR[1] models (including full sets of year dummies) for
the variables used to estimate the specification based on average q, and the uncertainty proxy.
The hypotheses of unit roots can be rejected for all variables based on estimated AR, coefficients

and their standard errors.

36Bond Nuages and Windmeijer (2005) show that when testing for unit roots in simulated dynamic panel data
sets with large N and short T dimensions, generated by a simple AR[1] process, a Wald test on an OLS estimate
of the AR coefficient is consistent under the null and sufficiently powerful in rejecting the null hypothesis of a
unit root when the null is false.

3"Terms are arranged so that the coefficient estimated on the first lag of the dependent variable represents the
sum of all autoregressive coefficients.
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[Table 5 Here]

1.6.2 Error Correction Specification

Tables 6 and 7 below present various estimation results of re-arranged ADL[1,1] and ADL[2,2]
models using Within Groups, First Differenced and System GMM?2, as well as OLS. Using
panel data, Blundell and Bond (1998) show that in the case of AR[1] models these estimators
will be biased in the presence of unobserved individual specific effects. Estimates obtained by
System GMM should be the most accurate, with respective upward and downward biases on

the OLS and First Differenced GMM estimates.??

[Table 6 Here]

[Table 7 Here]

In these specifications the coefficient on the error correction term represents the sum of the
coefficients on the lags of log capital from the original ADL specifications less 1 (8y 4+ f1 — 1
in Equation (1.25)). It is in this coefficient that the biases of the different estimation methods
are most clearly manifested. In both tables the coefficients estimated on the error correction
terms with system GMM are between those obtained from OLS and First Differenced GMM,
reflecting the relative biases of these estimators, as suggested by Blundell and Bond (1998) in

the presence of unobserved individual specific effects.

In both tables the coefficient estimated on y;;—1 by System GMM is not significantly different

from zero at the 5% significance level, supporting the restriction imposed on the coefficients of

38The First Differenced GMM estimates were obtained using 3rd and 4th lags of the dependent and indepen-
dent variables as instruments for the equations in first differences; the System GMM estimates added a set of
preferred instruments for equations in levels. The selection of the preferred instrument set is based on Differenced
Sargan/Hansen tests between the First Differenced GMM estimates and System GMM estimates obtained with
alternative instrument sets for equations in levels. This is discussed further in the instrument appendix

39Gpecifically OLS estimates of the coefficient on the lagged dependent variable were found to have a strong
upward bias, GMM in first differences a downward bias somewhat less severe than on the Within Groups estimates,
and with the least amount of bias in the System GMM estimates which were found to be above the estimates
obtained by GMM in first differences and below those produced by OLS.
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the ADL models that results in the error correction specification. The hypothesis that coef-
ficients on Ak;;—1 and Ay;;—1 were jointly insignificant was not rejected by Wald tests when
the ADL[2,2] specification was estimated by First Differenced GMM. However, the same test

rejects the null hypothesis when the specification is estimated by System GMM.

Table 8 below presents the preferred System GMM estimation results of the restricted ADL[2,2]
error correction specification, omitting y; ;1. The same preferred instrument set from Tables
6 and 7 above is used to obtain the results in Table 8. In addition to 3rd and 4th lags of
the dependent and independent variables as instruments for equations in first differences, the
preferred System GMM instrument set also contains first differences of variables as instruments
for equations in levels. The preferred set of instruments for equations in levels is based on Dif-
ferenced Sargan/Hansen tests between alternative instrument sets presented in the instrument

appendix to this chapter.

The first column in Table 8 restricts coefficients of the ADL[2,2] model by imposing the co-
efficient on y; ;1 to be zero. The second column adds all of the uncertainty terms to the error
correction specification. The insignificant coefficient estimated on o;;—1 does not suggest any
effect of higher uncertainty on the capital sales ratio in this specification of the error correc-
tion model. The coefficient estimated on Ac;; is only marginally significant, and a Wald test
of the hypothesis that coefficients on Ac;; and o0;;—1 are jointly insignificant cannot be re-
jected based on a p-value of 0.14. The small and marginally significant coefficient estimated
on Ao, may capture some short run effects of uncertainty not controlled for by the coefficient
estimated on the uncertainty interaction term. The significant negative coefficient estimated
on the latter term is consistent with smaller investment responses to demand shocks at higher
levels of uncertainty; a prediction of theoretical investment models with real options. Column
3 drops the uncertainty interaction term, resulting in a substantial increase in the magnitude
and significance of the coefficient estimated on o;;_1, and relatively no change to the coeffi-
cient estimated on Ac;, relative to Column 2. The coeflicient estimated on o; ;1 is consistent
with a lower capital sales ratio at higher levels of uncertainty, however given the change in this

coefficient between Columns 2 and 3, it is likely proxying for effects of uncertainty controlled
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for by o054 * Ay;; in Column 2. Column 4, drops the linear uncertainty terms and retains the
uncertainty interaction term, the coefficient on which remains significant, negative and almost

identical to the estimate in column 2.

[Table 8 Here]

Table 9 below reports System GMM estimates of a restricted ADL[1,1] error correction
specification.?? The results demonstrate that if the error correction specification was based
on the less rich dynamic structure of the ADL[1,1] model the results would be broadly similar.
Estimates of error correction specifications based on both ADL[1,1] and ADL|2,2] lag structures
include significant negative coefficients on o; ; * Ay, ; with strikingly similar magnitudes in these
coefficients across the two specifications. Coefficients estimated on linear uncertainty terms
are not as stable between these specifications. In Column 2 the coefficient on o;;_1 becomes
marginally significant, whereas the coefficient on Ac;; is insignificant. A Wald test does not
reject the hypothesis that coefficients on Ao;; and 0;;—1 are jointly insignificant based on a
p-value of 0.17. The same test rejects the null hypothesis based on a p-value of 0.02 for the set

of results presented in Column 4.

[Table 9 Here]

1.6.3 Specification Based on Average Q

Table 10 below presents results from estimating the specification based on average q using Sys-
tem GMM. The preferred instrument set for these estimates uses the 3rd to 4th lags of the
dependent and independent variables as instruments for equations in first differences, as well as
first differences of the variables as instruments for equations in levels. The preferred instruments
for equations in levels are chosen on the basis of Differenced Sargan/Hansen tests comparing

System GMM estimation results obtained with alternative instrument sets to First Differenced

49The instrument set is held constant across the System GMM estimates in Tables 8 and 9.
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GMM estimates®!.

Column 1 of Table 10 reports results from estimating the basic Q model which describes the

I; ¢
Kt

)

ratio of investment to the capital stock (%) as a linear function of Q;; = ¢; — 1.42 Column

2 adds an additional term in Ay;, on which a positive and significant coefficient is estimated.
Column 3 adds the lagged dependent variable (%) and Ay; 41 to the right hand side of the
specification, on which coefficient estimates were jointly*® and individually insignificant. The
latter coeflicients are retained in the average q specification for sake of comparability with the
error correction specification; coefficient estimates on the remaining coefficients are robust to
their exclusion. Column 4 adds all three uncertainty terms to the average q specification in
Column 3. Coefficients estimated on linear uncertainty terms o;;—1 and Ao;; are individually

insignificant in Column 4, and the hypothesis that they are jointly insignificant is not rejected

by a Wald test based on a p-value of 0.16.

The coefficient estimated on the uncertainty sales growth interaction term o; s * Ay; ; is negative
and significant at the 10% level, however it is roughly half the magnitude of corresponding
coefficients in estimates of the error correction specification, which were significant at the 5%

1%, Dropping the uncertainty sales growth interaction term in Column 6 causes

confidence leve
the coefficient estimated on the linear uncertainty term o; ;1 to become significant, suggesting
that the latter term is capturing negative effects of uncertainty controlled for by o;; * Ay;; in
Column 5. This is similar to the case of the error correction specification in Table 8. Column

7 drops the linear uncertainty terms from the specification in Column 5, resulting in almost no

change to the coefficient estimated on o;; x Ay; ;.

[Table 10 Here]

41 The selection of the instrument set is outlined in further detail in the appendix to this chapter

42In the case of column 1 there were no valid moment conditions available for equations in levels, and results
obtained with First Differenced GMM are reported.

43 A Wald test of the hypothesis that coefficients on % and Ay;¢—1 were jointly insignificant yielded a
p-value of 0.69. ’

“4In error correction specifications which excluded linear uncertainty terms the negative coefficient estimated

on the uncertainty sales growth interaction term o; ¢ * Ay; ; was significant at the 1% confidence level, in Table 8
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1.6.4 Adjustment to Uncertainty Terms

This section tests the robustness of results presented in Tables 8 and 10 to several adjustments
of the uncertainty proxy based on within year standard deviations in daily stock returns. The
most important of these is a gearing adjustment to the uncertainty measures meant to correct
for volatility in stock returns resulting from financial leverage. Christie (1982) offers a sum-
mary of literature emphasizing the positive relationship between stock return volatility and the
financial leverage of a firm. To compensate for the presence of stock return volatility arising
from financial leverage, and unrelated to uncertainty over future operating environments of the
firm, the uncertainty proxy o;; is adjusted using a gearing ratio calculated as the ratio of Total
Assets to the sum of Total Assets, Long Term Debt and Borrowings from the Firms’ Annual

. 45 .46 Total Assets o . .
accounts in the DATASTREAM data base™:™® 7-mr—0- LT Debit Borrowings * Tit = Jit * Oig

Previous empirical work on the investment uncertainty relationship has used similar gearing

adjustment to stock return based proxies for uncertainty.*”

The second adjusted uncertainty measure, 07}, is based on an adjustment of the daily stock
returns which takes into account any financially relevant events that take place over weekends
- resulting in disproportionately larger returns between Friday and Monday. If the valuations
of companies were consistently changing while markets were closed, due to significant events
occurring over weekends, stock returns between Friday and Monday could be disproportion-
ately higher than between other trading days as a result; leading to potentially higher values of
within year standard deviations in daily stock returns. To correct for this possibility, weekend
returns are divided into three and split between Saturday, Sunday and Monday after inserting
observations for Saturday and Sunday into the returns data of each firm. This results in slightly
smaller within year standard deviations in daily stock returns as a result of smoothing returns

over weekends. The third adjusted uncertainty proxy, wo;; is calculated as the within year

standard deviation in weekly stock returns, resulting in a comparable uncertainty proxy to o;

4 Total Assets: item code ds392; Long Term Debt: item code 321; Borrowings: item code 309

4This gearing adjustment relies on book values of capital and book values of debt, and was preferred over
alternative gearing ratios which use the market value of equity instead of a book value of assets. The latter
alternative was not used due to concern over possible cross correlations between market valuations of equity and
volatility in stock returns that may arise due to bubbles or trading fads. Another alternative gearing adjustment
could have used both the market values of debt and equity; however, market values of debt were not available
for all the firms in the sample.

47See Bloom, Bond and VanReenen (2007) and Bulan (2005)
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that relies on lower frequency returns data. Table 11 below summarizes each of the adjusted

uncertainty proxies alongside the original measure o ;.

[Table 11 Here]

In Table 12 below, adjusting the uncertainty terms for effects of financial leverage in the
error correction specification reduces the significance of the coefficient on the uncertainty sales
growth interaction term. The coefficient estimated on g;; * 054 * Ay;; in Column 2 is very
similar in magnitude to the coeflicient estimated on o;; * Ay; ; in Column 1, however the latter
coefficient is more significant. Interestingly, adjusting the uncertainty proxy for effects of finan-
cial leverage between Columns 1 and 2 of Table 12 causes the negative coefficient estimated on
the lagged linear uncertainty term to become significant. This suggests that lower equilibrium
capital-sales ratios at higher levels of uncertainty in the error correction specification are better
described by using ”un-levered” uncertainty measures. Column 3 of Table 12 excludes the linear
uncertainty terms from Column 2, resulting in very little change to the coefficient estimated on

the remaining uncertainty sales growth interaction term.

Column 4 of Table 12 presents estimates of the average q specification from Column 4 of Table
10. Column 5 of Table 12 presents estimates of the latter specification using the uncertainty
measures adjusted for effects of financial leverage g;; * 054 * Ay; ;. The marginally significant
coefficient on the uncertainty sales growth interaction term in Column 4 becomes insignificant as
a result of the adjustment for effects of financial leverage; however the coefficient estimates are
of similar magnitude. Adjusting the uncertainty term for effects of financial leverage between
Columns 4 and 5 has little to no effect on coefficients estimated on linear uncertainty terms
in the average q specification. Column 6 excludes the linear uncertainty terms from Column 5
yielding almost no change to the coefficient estimate on the remaining uncertainty sales growth

interaction term.

[Table 12 Here]
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Adjusting the uncertainty proxy for effects of financial leverage appears to decrease the sig-
nificance of coefficients on these terms in both the error correction and average q specification.
However, Table A5 in the appendix of this chapter compares estimates of the specifications in
Table 12 to those obtained using an alternative instrument set, in which coefficients on un-
certainty sales growth interaction terms are more significant. The alternative estimates are
obtained by excluding AQyiyt from the instruments for equations in levels. The appendix shows
that the validity of the latter instrument for equations in levels is not supported by Differenced
Sargan/Hansen Tests, in the case of the error correction specification which controls for uncer-

tainty with g;; * 0 ;.

Table 13 below presents results from including the adjusted uncertainty measures o}, and
wo; ¢ in the error correction and average q specifications. Columns 1 and 2 report estimates of
the error correction specification using o,y and wo; ¢ as proxies for uncertainty, and Columns 3
and 4 include these proxies in the average q specification. Comparing Columns 1 and 3 in Table
13 to the corresponding specifications in Columns 1 and 4 of Table 12, adjusting the uncertainty
proxy for potential weekend effects has relatively little impact on coefficient estimates in either
specification. Coeflicients estimated on uncertainty sales growth interaction terms in Columns
1 and 3 of Table 13 are slightly larger than in Table 12, however this is likely due to the smaller
mean values of af”t relative to o;; shown in Table 11. Using within year standard deviation in
weekly (as opposed to daily) stock returns to proxy for uncertainty in Columns 2 and 4 of Table
13, yields insignificant coefficients on uncertainty sales growth interaction terms in both the
error correction and average q specifications. However, coefficients on lagged linear uncertainty
terms become more significant in the latter columns, relative to estimates presented in Columns
1 and 4 of Table 12. This suggests that information contained in the volatility of higher fre-
quency stock returns may be more relevant to real option values to investment decisions held

by firms.

[Table 13 Here]
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1.6.5 Hybrid Model

The chief differences between specifications based on the error correction model and on mea-
sures of average q, are the use of the term (k; +—1 —y;+—1) in place of Q;, and the measurement

of the dependent variables. Although the timing of dependent variables differs between these

I; I; . .
w— — 0 vs. 7. Either of these differences, or
i,t—1 i,t

specifications, they are quite similar: Ak;; ~
a combination of them, could influence coefficients estimated on the uncertainty sales growth
interaction terms between these two specifications. Tables 14 and 15 below present estimates
of hybrid specifications which include both the forward looking measure @); ; and the backward
looking error correction term (k:i,t,l — yi,t,l); estimates of error correction and average q spec-

I; ¢

ification which interchange Ak;; for &= - and 2t

I . .
yoom for Ak;; respectively; as well as estimates
it

of simple accelerator type models, excluding average q and error correction terms, using either

I; .
Kljtt or Ak;; as measures of investment.
)

The set of results presented in this section indicates that coeflicients on uncertainty sales growth
interaction terms are affected by both the measurement of the dependent variable and the pres-
ence of average q and error correction terms. Between Tables 14 and 15, coefficients on o; s x Ay, ;
terms in hybrid specifications (which differ only in the measurement of investment) were slightly

larger in magnitude when investment was measured as Ak;; as opposed to II("Z,’Z. Appending

either the error correction or average q specifications with Q;; or (k;;—1 — yi4—1) respectively
had a small impact on coefficients estimated on o;; * Ay;; terms; yielding coefficients in the
respective hybrid specifications that are closer to each other than in comparisons between the
error correction and average q specifications. Adding (k;j;—1 — yi+—1) to the average q speci-
fication yields coefficients on o;; * Ay, that are slightly larger in magnitude; whereas adding
Qi+ to the error correction specification results in a slight decrease in the magnitude of the
coefficient on o0;; * Ay;;. However, relative to simpler accelerator investment specifications,
in which coefficients on o; ¢ * Ay;; terms are insignificant, the inclusion of (kj;—1 — yi¢—1) in
the error correction specification and @);; in the average q specification appear to play a role
in identifying coefficients on uncertainty interaction terms. In the average q specification Q;;
also appears to control for some linear effects of uncertainty that are captured by a significant

negative coefficient on ;1 in estimates of accelerator models which measure investment as
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Table 14 below presents various investment specifications with Ak;; as the dependent vari-
able, including sales growth interaction and linear o;; uncertainty terms. Column 1 reports
System GMM estimates of the error correction specification obtained with the preferred instru-
ment set from Table 8. Column 2 adds the average q term to the specification, without adding
it to the instrument set, resulting in a slight decrease in the magnitude of coefficients estimated
on the o5 x Ay; and Ao, terms; the latter of which becomes insignificant. Interestingly, the
coefficient on the error correction term ceases to be significant, implying that it is not control-
ling for any additional information not already contained in @;;. Column 3 adds lagged values
of Qi to the instrument set, resulting in no significant changes to coefficient estimates from
Column 2. Column 4 drops the error correction term from the specification, resulting in almost
no change to coefficient estimates relative to those in Column 3. Column 5 drops the error cor-
rection term from the instrument set, causing the coefficient estimated on o;; * Ay; ; to become
insignificant. The error correction term appears to be an important instrumental variable for
estimating the coefficient on o * Ay; ;. The specification in Column 5 is essentially the average

q specification, in which I?i’tt has been replaced on both sides of the specification, and in the

instrument set, by Ak; ;. Paramaterizing investment as Ak; ; in the average q specification does
not lead to any improvement in the significance or magnitude of the coefficient estimated on

oi+* Ay;; terms; the correct measurement of investment in the average q specification (namely

II(Z,tt) yields a slightly more significant coefficient on o;; x Ay; ;.

[TABLE 14 HERE]

Column 6 of Table 14 removes Q;; from the specification in Column 5, resulting in an ac-
celerator type investment model. Comparing Columns 6 and 1 in Table 14, the addition of
(kit—1—vit—1) to the accelerator model in the former column causes the insignificant coefficient
on o;; * Ay;; to roughly double in magnitude, becoming statistically significant in the error
correction specification. The controls for long run investment dynamics in the error correction

specification appear to play an important role in identifying lower investment responses to de-
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mand at higher levels of uncertainty.

The columns of Table 15 below follow roughly the same format as in Table 14, but beginning
with the average q specification. Column 1 presents System GMM estimates of the average q
specification using the preferred instrument set from Table 10. Column 2 adds the error cor-
rection term to the specification in Column 1, but excludes it from the instrument set, yielding
an insignificant coefficient on the error correction term, and virtually no change in coefficient
estimates relative to Column 1. Column 3 adds the error correction term to the instrument set
in Column 2, causing the coefficient on o; ; * Ay; ; to become slightly larger and more significant,
and also results in a marginally significant coefficient on Ag;;. Comparing hybrid investment
specifications in Column 3 of Tables 14 and 15 the only difference is in the measurement of

investment (Ak;; in Table 14 and [[{i';tt in Table 15). Measuring investment as Ak;; in Column

3 of Table 14 results in a larger coefficient on o; ; * Ay; ¢ relative to Column 3 in Table 15. The
magnitudes of coefficients on the latter terms are closer together in the hybrid specifications
than between the error correction and average q specification; this is due to @;; decreasing the
magnitude of the coefficient in the error correction specification and (k;;—1 — y;¢—1) increasing
the magnitude of the coefficient in the average q specification. Changes in coefficients estimated
on o; ¢ *x Ay; + between error correction, average q and their respective hybrid specifications were
relatively minor and rather insignificant with respect to standard errors on those coefficients.
However, the direction of these changes is noteworthy; and implies there is likely some level
of sensitivity of coeflicients estimated on o;; * Ay;; to the choice of controls for investment

dynamics in these specifications.

Column 4 of Table 15 drops @;; from the specification in Column 3, but retains it as an
instrumental variable. As a result the coefficient estimated on o;; * Ay;; ceases to be signif-
icant and the significance of coefficients on the linear uncertainty terms increases drastically.
Column 5 drops ();; from the instrument set in Column 4, causing the coefficient estimated on
oit * Ay;; to become marginally significant. The specification in Column 5 of Table 15 is very
similar to the error correction specification from Column 1 of Table 14, however investment

It

has been measured as 7 as opposed to Ak;;. As a result of which the coefficient estimated
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on the uncertainty sales growth interaction term is considerably smaller in magnitude and less

significant in Column 5 of Table 15.

Column 6 of Table 15 drops the error correction term from the specification and instrument

set in Column 5, resulting in an accelerator specification with investment measured as K”t
7,

Comparing Columns 6 and 1, the inclusion of ); in the average q specification may play a
small role in identifying the marginally significant coefficient on o;; * Ay; ; in Column 1, which
is insignificant in Column 6. It does appear clear that @);; is controlling for some linear effects
of uncertainty in the average q specification; captured by the significant negative coefficient
on 051 in the accelerator model in Column 6; this coefficient is insignificant in Column 1.
The latter effect is also evident by comparing any of the significant coefficients on ¢;;_1 in the
specifications of Columns 4, 5 and 6 of Table 15 (which exclude Q;;) to the specifications in
Columns 1, 2 and 3 (which include Q; ).

[TABLE 15 HERE]

Results presented across Tables 14 and 15 suggest that controlling for long run dynamics - or
convergence of capital to long run optimal levels defined by (ki :—1 —yi+) and Q; - is important
for estimating significant negative coefficients on uncertainty sales growth interaction terms
in the error correction and (to a lesser extent in the) average q investment specifications. A
point of interest being that ();; appeared to control for all relevant information controlled by
(kit—1 — yit—1) in specifications which contained both terms. The fact that adding the error
correction term to the average q specification slightly increases the coefficient on o; s * Ay; ;, and
adding @); ¢ to the error correction specification has the opposite effect illustrates that the choice
between such controls for investment dynamics impacts coefficients on uncertainty sales growth
interaction terms. However, including @); in investment specification does not always decrease
the significance of coefficients on the uncertainty terms. When @); ; is added to the accelerator
specification between Columns 6 and 1 of Table 15, the insignificant coefficient estimated on
oit* Ay; ¢ in the accelerator model becomes significant in the average q specification. Between

the average q and error correction specifications, it appears that a combined effect of the different
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measurements of investment together with the alternative controls for investment behaviour
(kit—1 —vit—1) and Q; ¢ contribute to the lower magnitude and significance of the coefficient on

ot * Ay; ¢ in the average q specification.
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1.7 Previous Literature

The author is not aware of a previous study which has compared results obtained by including
controls for effects of uncertainty in both error correction and average q investment specifica-
tions estimated using the same data set; or in estimates of hybrid specification which include
both error correction and average q terms. Previous empirical investigations into the effects
of uncertainty on firm level investment have focused on a single specification. However, it is
worthwhile to compare estimates of the individual error correction and average ¢ specifications
presented in this chapter, to previous literature that has estimated similar specifications with
different data sets. Coeflicient estimates on uncertainty terms presented in this chapter are
generally consistent with the findings of previous literature, as are coefficients estimated on

underlying parameters of the error correction and average q specifications.

The error correction specification in this chapter is very similar to those estimated in Bond
and Lombardi (2006), and Bloom, Bond and VanReenen (2007). All three error correction
specifications include the same uncertainty terms except for in Bond and Lombardi (2006)
which omits a term in Ao;;. As discussed in the literature review of this chapter Bond and
Lombardi (2006) use a proxy for uncertainty based on survey data on managers’ perceptions
of expected demand, whereas Bloom, Bond and VanReenen (2007) employ an empirical proxy
for uncertainty that is equivalent to o;;. The significance of coefficients on uncertainty sales
growth interaction terms is very similar across all three estimates, in terms of their t-statistics.
The coefficient on the uncertainty sales growth interaction term is smallest in Bloom, Bond
VanReenen (2007), at —0.162. In the current chapter, the point estimate on the latter term in
the error correction specification was —0.207. The point estimate on this term was significantly
larger in the error correction specification estimated in Bond and Lombardi (2006): —0.8331,
however this is likely due to differences in the uncertainty proxies themselves. As in the results
presented in this chapter, both in Bond and Lombardi (2006) and Bloom, Bond and VanReenen

(2007) coefficients estimated on lagged linear uncertainty terms were insignificant.

The average q specification estimated in this chapter is similar to those estimated in Bond

and Cummins (2004) and Bulan (2005). As in the case of the latter studies, the effects of
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uncertainty on investment identified in the average q specification in this chapter were inde-
pendent of controls for average q - a result which contrasts the findings of Leahy and Whited
(1996) in which effects of uncertainty on investment were found to operate through average
q. All four of these studies rely on within year standard deviations in daily stock returns to
proxy for firm level uncertainty; in addition to which Bond and Cummins (2004) also employ an
uncertainty proxy based on disagreement in I/B/E/S security analysts’ forecasts of earning per
share (DISP;; in their notation)?®. The preferred investment specification in Bond and Cum-
mins (2004), uses within year volatility in daily stock returns to control for uncertainty-sales

growth interaction effects on the investment response to demand in their average ¢ specification.

Coefficients estimated on interaction terms between sales growth and stock return volatility
proxies of uncertainty were significantly larger in Bond and Cummins (2004) relative to those
reported in this chapter: —1.24 compared to —0.107. This represents substantially greater
heterogeneity in investment responses to demand shocks captured by coefficients estimated on
sales growth and on uncertainty sales growth interaction terms; as coefficients on sales growth
terms in Bond and Cummins (2004) were 0.420, compared to 0.415 in Table 10 of this chapter.
Negative linear effects of uncertainty captured by coefficients on DISP;; in estimates of the
preferred average q investment specification in Bond and Cummins (2004) were not reflected by
similar negative and significant coefficients on o;;_1 terms in estimates of the average q speci-
fication presented in Column 4 of Table 10, which include uncertainty-sales growth interaction
terms. Differences in the uncertainty proxies themselves make it difficult to directly compare
the magnitudes of these coefficients, however their common sign is consistent with similar firm

level investment uncertainty relationships.

Unlike the specifications estimated in this chapter and in Bond and Cummins (2004), esti-
mates of the average q specification presented in Bulan (2005) do not include uncertainty sales
growth interaction terms. Effects of uncertainty are exclusively controlled for in Bulan (2005)

study by linear uncertainty terms.*> The coefficient estimated on the linear uncertainty term in

48This proxy was calculated as the coefficient of variation over security analysts’ one year ahead forecasts of
earnings per share, made at the beginning of every accounting period.

OWhereas Bulan (2005) goes on to break down uncertainty proxies based on within year volatility in daily
stock returns, into firm, industry and market components, the comparison here is limited to the aggregated
measure. Chapter 4 of the thesis follows Bulan (2005) in breaking down the uncertainty proxy o;: into firm
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the average q specification in Bulan (2005) is much larger in magnitude relative to coefficients
estimated on ¢;;—1 in Column 5 of Table 10 (which only includes linear controls for effects
of uncertainty): —0.366 with a t-ratio of —4.17, compared to —0.027 with a t-ratio of —2.08.
Although significant negative coefficients estimated on linear uncertainty terms are interpreted
in Bulan (2005) as evidence of effects of real options on firm level investment; evidence of such
effects is more clearly captured by coefficients on uncertainty sales growth interaction terms,
as in Bond and Cummins (2004) and in the chapter. Significant negative coefficients on uncer-
tainty sales growth interaction terms are consistent with lower investment responses to changes
in demand, the only unambiguous effect of uncertainty predicted by models of investment with

irreversibility and real options.

Comparing estimates of both the error correction specification and average q specification pre-
sented in this chapter, to similar specifications estimated in previous literature, investment
uncertainty relationships described therein were broadly consistent. Although estimates of the
average q specification appeared to diverge slightly more from previous literature, the data sets
used in Bond and Cummins (2004) and Bulan (2005) were substantially larger; whereas data
sets were of similar size - though slightly larger - in Bloom, Bond and VanReenen (2007) and

Bond and Lombardi (2006).

specific and market wide components.
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1.8 Conclusion

This chapter presented estimates of investment specifications based on both error correction
models between the natural logarithms of capital and sales, and the Hayashi (1982) Q in-
vestment model; comparing differences and similarities in the investment-uncertainty relation-
ships described between each. Estimates of both these specifications suggested broadly simi-
lar investment-uncertainty relationships. However, while negative coefficients on uncertainty-
sales growth interaction terms demonstrated evidence of lower investment responses to demand
growth at higher levels of uncertainty in estimates of both specifications, the coeflicient on this
interaction term was half the size and less statistically significant in estimates of the average q

specification.

Based on estimates of hybrid investment specifications (which include both average q and error
correction terms) and accelerator investment specifications (which include neither) the signif-
icance and magnitude of coeflicients estimated on uncertainty-sales growth interaction terms
were sensitive to both the measurement of investment used and the inclusion of error correction
and average q terms. Including the error correction and average q terms in their respective
specifications was important for identifying significant coefficients on uncertainty-sales growth
interaction terms; these coefficients were insignificant in estimates of simpler accelerator invest-
ment specifications. Insignificant coefficients estimated on error correction terms in the hybrid
investment specifications implies that average q terms control for all information relevant to
investment dynamics contained in the error correction terms. Given that coefficients estimated
on uncertainty-sales growth interaction terms tended to be smaller (in absolute value) and less
significant in specifications that included controls for average q, it is possible that some of the
additional information contained in average q terms is relevant to the effects of uncertainty on
firm investment responses to demand growth. However, the fact that removing controls for
average q from the average q specifications leads to a deterioration in the significance of the
coefficients estimated on uncertainty sales growth interaction terms suggests that controls for
investment dynamics captured by the average q term play some role in identifying coefficients

on the uncertainty sales growth interaction term in the average q specification.
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The sensitivity of coefficients estimated on uncertainty terms to the measure of investment
used and the inclusion of alternative controls for investment dynamics highlights the need to
evaluate the robustness of conclusions across alternative investment specifications when in-
vestigating effects of uncertainty on firm level investment behaviour. Relationships between
investment and uncertainty - based on the signs of coefficients estimated on uncertainty terms -
were broadly consistent across estimates of alternative investment specifications in this chapter;
however, differences in the statistical significance and magnitude of coefficients could impact

conclusions drawn regarding the sensitivity of firm investment behaviour to uncertainty.

Using a simulation program written by Professor Nick Bloom of Stanford University, the follow-
ing chapter explores investment-uncertainty relationships described by these investment spec-
ifications estimated using simulated panel data sets. The key advantage of using simulated
data is that the level of uncertainty, or volatility in demand/productivity conditions faced by
firms, is directly observable in the simulated data. Within the investment model driving the
simulation program, underlying demand volatility has effects on firm level investment behaviour
through the real option values described by theoretical literature on investment under uncer-
tainty. An empirical proxy for uncertainty is also calculated based on within year volatility
of returns to a firm’s value function. This empirical proxy in the simulated data corresponds
(roughly) to o0;; in the empirical data, and can be included in estimates of the average q and
error correction specifications to investigate the underlying real option effects of uncertainty on
firm investment behaviour. An important question is then whether the effects of uncertainty
on investment estimated using these different specifications for the simulated data are broadly
similar or substantially different to those found using empirical data for UK firms and reported

in this chapter.
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1.9 Data Appendix

The empirical data set used throughout this thesis is based on data initially constructed in Bond
et al. (2004), used to investigate the role of cash-flow and expected profitability in estimates of
firm level average q investment specifications. The Bond et al. (2004) data set was based on
firm level accounting and share price data from the DATASTREAM data-base which covered
UK-quoted companies from 1968 onwards. The accounting data was added to analysts’ earn-
ings forecasts data from the I/B/E/S database covering a sub-sample of UK-quoted companies
from 1987 onwards. Approved securities analysts are asked by I/B/E/S to provide forecasts
of earnings per share for current year ¢, and the years ¢t + 1 and ¢ + 2, as well as forecasts of
long-term growth in trend earnings. The Bond et al. (2004) data set focuses on UK companies
for which forecasts of earnings per share in years ¢ and ¢ 4+ 1 were available, resulting in a panel
of 703 firms for which there were at least 4 consecutive annual observations of these forecasts

between 1987 and 2000.

Based on I/B/E/S forecasts available in the data set from Bond et al. (2004) 4 measures of un-
certainty are constructed to capture uncertainty over future firm operating conditions reflected
in the earnings per share forecast data. Two measures were based on monthly observations on
the consensus forecasts of earnings per share for the current year; calculated as the un-weighted
mean of analysts’ forecasts for the same firm. The first of these measures (REV; ;) is the coeffi-
cient of variation across all the monthly consensus forecasts of earnings per share for the firm’s
current accounting period issued during the period. The second measure (RANGE;;) is the
difference between the highest and lowest of these consensus forecasts, divided by the absolute

value of the mean of all the monthly consensus forecasts issued during the period.

The other two uncertainty measures, constructed with I/B/E/S data, are based on those used
in Bond and Cummins (2004). The first, ERR;; is the square of the difference between ex
ante consensus forecasts of earnings per share at the start of the current accounting period and
the ex post realized level of earnings per share for that period. The second, DISP;; is the
coefficient of variation across different analysts’ one year ahead forecasts of earnings per share,

made at the beginning of the current accounting period. The author would like to thank Steve
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Bond®°, Richhild Moessner®!, Haroon Mumtaza®? and Murtaza Syed®? for their work in con-
structing the uncertainty proxies REV;;, RANGE;;, FRR;; and DISP;;; preliminary versions
of programs they used to construct these measures were tested and reviewed extensively prior
to estimating results. In order to reduce the impact of outliers, firm year observations with the
top and bottom percentiles of the uncertainty measures were removed from the original Bond
et al. (2004) data set, reducing the data set from the 703 firms to 655 firms for which there
were at least 4 consecutive annual observations between 1987 and 2000. Sectoral coverage of

firms in the data set used in Chapters 1, 3, 4 and 5 is presented in Table D1 below.

[Table D1 Here]

Although the I/B/E/S uncertainty measures are not used to produce the results of this
Chapter, the outlying values of these measures were used to truncate the data set from Bond et
al. (2004). Chapter 5 of the thesis employs the I/B/E/S indicators of uncertainty, to describe
firm level investment uncertainty relationships in the contexts of the error correction and av-
erage q investment specifications. The analysis of the current chapter is limited to uncertainty
proxies based on within year standard deviations in daily, firm stock returns. For the sake of
comparability between results presented in Chapter 1 and Chapter 5, the analysis in Chapter 1

is limited to the 655 firm subset of the Bond et al. (2004) data set.

The proxy for uncertainty used in Chapter 1, based on within year volatility of daily stock
returns (o;¢), is constructed as the standard deviation of the daily percentage return of a firm’s

5 For each annual accounting observation t for firm 4, daily share price returns

share price
available within a 365 calendar day period ending on the date of the accounting observation

were used to calculate o ;.

The Table D2 below presents summary statistics of the uncertainty measure o;; and the vari-

59Nuffield College, Oxford

51Bank of England

52Bank of England

53International Monetary Fund

54Taken as the DATASTREAM Returns Index, RI, includes on a daily returns basis the capital gain on the
stock, dividend payments, the value of rights issues, special dividends and stock dilutions.
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ables used in estimating the error correction and average q specifications. Table D3 presents
the covariance matrix for these variables. As one would expect both Ak;; and % have a very
strong correlation. Both measures exhibit positive and very similar levels of correlation with
both Q;; and Ay;;. The error correction term (k;;—1 — yi—1), is negatively correlated with
Ak;; as implied by a co-integrating relationship between the natural logarithms of capital and
sales. The proxy for uncertainty is negatively correlated with Ak;, %, Ay; ¢+ and @; ¢, which
is consistent with negative effects of uncertainty on investment and on investment responses to
changes in demand at higher levels of uncertainty. The uncertainty proxy o;; is positively cor-
related with the error correction term (k;;—1 —vit—1), indicating a positive effect of uncertainty
on the capital sales ratio. This correlation has the opposite sign from what one would expect
based on a negative effect of uncertainty on capital. Although coefficients on ;1 terms were

not always significant in estimates of average q and error correction specifications, their signs

were always negative. However, figures in Table D3 are only raw correlations.

[TABLE D2 HERE]

[TABLE D3 HERE]

The construction of the capital stock measure in the data set follows the perpetual inventory
method in Blundell et al. (1992). Using the book value of capital stock in the first year, capital

stock in the remaining years is calculated according to the recursive formula:

Kitt1=1-0)Kit+ it (1.33)

Where I;; is investment by firm ¢ in year ¢t and K is the capital stock of firm ¢ at the end
of year t. Investment is defined as follows, where the DATASTREAM item code is preceded by
ds.

I = ds1026 + ds479
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where ds1026 is net payments for fixed assets and ds479 is net fixed assets of subsidiaries

acquired or sold. Where ds1026 was not available investment was defined as follows®®:

I = ds431 — ds423 + ds479

where ds431 is purchases of fixed assets and ds423 is sales of fixed assets. Due to the fact that
investment was reported in nominal terms, it was deflated by the quarterly business investment
deflator implied by the UK National Accounts to create an investment series in constant (1995)

prices.

The measure of initial capital stock was taken ds339, the book value of fixed capital. A de-
preciation rate of 8% was assumed for all capital goods following Bond et al. (2003). Some
price inflation in previous years is allowed for by revaluing the first available book measure, by
the business investment deflator, to reflect investment goods price inflation over the proceeding
three years. Observations were dropped for which the capital stock was negative or the estimate

of the capital stock was out of line with the book value by more than a factor of four.

Real sales is obtained by deflating nominal sales (ds104) by the GDP deflator. The mea-
sure of average q is adjusted in the data to take into account debt financing as in Blundell et

al (1992).
_ Vitt+ Hiy
pl(1—0)Kii1

qit

Where H;; is a measure of the stock of debt of the firm, obtained by the difference between a
firm’s liabilities (measured as the sum of total loan capital (ds321), total deferred and future
tax (ds312), total long term provisions excluding deferred tax (ds313) and minority interests
(ds315)) and assets (measured as the sum of total intangibles (ds344), total investment includ-
ing assets (ds356), net current assets (ds390) and other assets (ds359)). V;; is the market value
of the firm obtained by the product of the firm’s share price and the number of outstanding
shares. Kj;; is the perpetual inventory capital stock, which is multiplied by the business invest-

ment deflator to obtain a nominal measure; § the depreciation rate.

55151026 replaced ds423 and ds431 after an accounting change in 1990
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1.10 Instrument Appendix

1.10.1 Instrument Choice: Error Correction Specification With Instruments

Lagged t — 2 : t — 4 for Equations in First Differences

The first two columns of Table A1 below evaluate System GMM estimates of the error correction
specification (including all uncertainty terms) relative to First Differenced GMM estimates using
lagged values of the R.H.S. and L.H.S. variables as instruments for equations in first differences.
In addition to the moment conditions used in First Differenced GMM estimates, System GMM
estimates exploit non-redundant moment conditions for equations in levels: E [Azkivt_le{’t] = 0.
In the contexts of simple AR[1] models, using these additional moment conditions for equations
in levels yields dramatic improvements in the efficiency of System GMM estimates, relative to
those obtained with GMM in First Differences, as well as a reduction in finite sample bias.?®
In the case of the more general, dynamic error correction specification, efficiency gains of Sys-
tem GMM estimates over those obtained by First Differenced GMM will be greater with more
persistent dependent and explanatory variables, which leads to weak instruments for equations
in first differences; as well as imprecise parameter estimates and more serious finite sample bias

with First Differenced GMM.

The first column of Table Al presents the results from estimating the error correction spec-
ification using GMM in first differences with instruments in levels lagged t — 2 : t — 4, not using
any moment conditions for equations in levels. The second column presents System GMM es-
timates obtained by adding the first difference of the dependent variable as an instrument for
equations in levels, adding E[Azki,t_le{,t] = 0 to the moment conditions used to generate the
First Differenced GMM estimates in column 1. A Differenced Sargan/Hansen test is used to
compare the null hypothesis that the addition linear moment condition E [AQki’t,leat] =0is
valid, against the alternative hypothesis that only the strict subset of moment conditions for
equations in first differences, from Column 1, are valid. If the null hypothesis is valid neither

of the Sargan/Hansen test statistics should reject, and the difference between the two of them

®6See Blundell and Bond (1998). In the contexts of simple AR[1] models Ahn and Schmidt (1995) show that
the use of quadratic moment conditions can also improve the efficiency of GMM estimates, however Blundell and
Bond (1998) show that efficiency gains are even greater when using the linear moment conditions in System GMM
Estimates; particularity in the case when series become more persistent. The later linear moment conditions also
make quadratic moment conditions redundant in the contexts of the AR[1] model
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should have a y? distribution with degrees of freedom equal to the difference in the number
of instruments used in each of the estimates. The value of 1 less the p-value of the Difference
Sargan/Hansen test between estimation results of columns 1 and 2 is reported at the bottom
of column 2. Given the drastic change in the size of the Sargan/Hansen test statistics between
Columns 1 and 2, the difference Sargan/Hansen test rejects the hypothesis that the difference
between these two statistics follows the appropriate x? distribution. This makes it difficult to
accept the hypothesis that the additional System GMM moment condition is valid relative to
the subset of moment conditions based on instruments for equations in first differences from

Column 1.

[Table A1 Here]

Columns 3 through 6 in Table Al above present results from adding the first difference
of each of the explanatory, right hand side (R.H.S.), variables as instruments for equations in
levels to the set of instruments used in Column 1. The validity of additional moment conditions
obtained by using these instruments for equations in levels will depend on whether the first
difference of the R.H.S. variables are correlated with unobserved firm specific effects in the
residuals, ie whether the covariance between the R.H.S. variables and the firm specific effects
is constant over time.?” The validity of additional moment conditions added in Columns 3 to
6, relative to the set of moment conditions used in the First Differenced GMM estimates from
Column 1, are tested using Differenced Sargan/Hansen tests. The value of 1 less the p-value of
each Differenced Sargan/Hansen test is reported at the bottom of Columns 3 through 6. As in
the case between Columns 1 and 2, the differences in the Sargan/Hansen test statistics between
Columns 1 and Columns 3 through 6 are very large, and the Differenced Sargan/Hansen tests
reject the hypotheses that the additional moment conditions used across Columns 3 through 6
are valid, relative to the alternative hypothesis that only the subset of moment conditions from

Column 1 is valid.

57See Arellano and Bover (1995)
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1.10.2 Instrument Choice: Error Correction Specification With Instruments

Lagged t — 3 : t — 4 for Equations in First Differences

Given the poor evidence supporting System GMM moment conditions (and moment conditions
for equations in levels) based on instruments for equations in first differences lagged t —2 : t — 4,
Table A2 below evaluates moment conditions for equations in levels, relative to a set of in-
struments for equations in first differences lagged ¢t — 3 : ¢ — 4. In Column 1 of Table Al,
the test statistic for second order serial correlation in the differences residuals in suspiciously
high, and throughout the Columns of Table A2 below Arellano-Bond tests reject the hypothesis
of no second order serial correlation in the first differenced residuals. In the presence of sec-
ond order serial correlation in the first differenced residuals of the error correction specification,

it would be inappropriate to use instruments for equations in first differences lagged t—2 periods.

The first column of Table A2 below reports First Differenced GMM estimates using instru-
ments in levels dated t —3 : t —4. Column 2 adds AQki,t lagged t —2 : t—2, as an instrument for
equations in levels, which yields System GMM estimates. Sargan/Hansen test statistics do not
change drastically between Columns 1 and 2, and a Differenced Sargan/Hansen test does not re-
ject the hypothesis that the System GMM moment conditions in Column 2 are valid, relative to
the alternative that only the subset of moment conditions from Column 1 are valid. Columns 3
through 6 add the first difference of the explanatory variables, lagged ¢t —2 : t —2, as instruments
for equations in levels to the instrument set in Column 2. The validity of the additional moment
conditions in Columns 3 through 6, rests on the assumption that the lags of the first difference
of the explanatory variables is uncorrelated with both the first difference of current residuals,
as well as any unobserved firm specific effects. Differenced Sargan/Hansen tests do not reject
the Hypotheses that AQyM_Q, Acii—a, A(0j1—2 * Ay;1—2) are valid instruments for equations
in levels, relative to the alternative Hypothesis that only the moment conditions from Column
2 are valid. Large Differences between the Sargan/Hansen test statistics reported in Columns
2 and 4 imply that using the moment E[A(k;;—2 — yit—2)€i] = 0 significantly increase the
Sargan/Hansen test statistic relative to the System GMM results presented in Column 2. This
brings into doubt the validity of the additional moment conditions, and thus (k;;—1 — yi¢—1) is

excluded from the preferred instrument set; estimation results for which are reported in Column
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[Table A2 Here]

Given the evidence of second order serial correlation of the first differenced residuals in Table
A2 and Column 1 of Table Al, as well as the lack of support for the additional instruments
by the Differenced Sargan/Hansen test statistics in Table A1, instruments for equations in first
differences lagged ¢t — 2 are not used to estimate the error correction specification. The preferred
instrument set for the error correction specification uses instruments in levels lagged t —3 : t — 4
for equations in first differences and instruments in first differences lagged t — 2 for equations

in levels.

1.10.3 Instrument Choice: Average q Specification

Columns 1 and 2 of Table A3 below present First Differenced and System GMM estimation
results for the average q specification, excluding terms in % and Ay; 1, using instruments
for equations in first differences lagged t —2 : ¢t — 4. Unlike the case of the error correction spec-
ification above, the Differenced Sargan/Hansen test statistic reported, supports the validity of
additional moment conditions in System GMM estimates of the basic average q specification
using instruments for equations in first differences lagged t —2 : t —4. Columns 3 through 6 add
the lag of the first difference of each explanatory R.H.S. variable as instruments for equations in
levels to the System GMM instrument set from Column 2. Similar to Table A2 above Difference
Sargan/Hansen tests compare the null hypothesis that the additional moment conditions added

in Columns 3 through 6 are valid, relative to the moment conditions used in the System GMM

estimates reported in Column 2.

[Table A3 Here]

Column 7 of Table A3 above presents System GMM estimates of the average q specification
obtained by using the preferred instruments for equations in levels, and instruments for equa-

tions in first differences lagged ¢t — 2 : t — 4. Under the assumption that the ¢t — 2 : ¢t — 4 lagged
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instruments for equations in first differences were valid in estimating the average q specification
in Column 1 of Table A3, the additional validity of System GMM moment conditions and (most)
moment conditions based on equations in levels were not rejected by Difference Sargan/Hansen
test statistics. This contrasts the results from estimating the error correction specification using

instruments for equations in first differences lagged ¢t — 2 : ¢ — 4 in Table Al.

Column 1 of Table A4 below presents the preferred estimates of the basic average q specifi-
cation from Column 7 of Table A3 above. Column 2 of Table A4 restricts the instrument set
from Column 1, excluding ¢t — 2 lagged instruments for equations in first differences, and ap-
propriately adjusts the timing of the instruments for equations in levels. As a result of using
the longer lagged instrument set in Column 2, the Sargan/Hansen test statistic is significantly
decreased relative to Column 1. A differenced Sargan/Hansen test statistic marginally rejects
the hypothesis that the additional instruments in Column 1 are valid relative to the alternative
hypothesis that only the instruments in Column 2 are valid, with a p-value of only 0.098. The
coefficient on the uncertainty interaction term almost triples in magnitude in Column 2, rela-
tive to Column 1. Coefficients estimated on linear uncertainty terms decrease significantly in
magnitude between Columns 1 and 2. The instability of coefficients estimated on uncertainty
terms between Columns 1 and 2, and the low p-value of the Differenced Sargan-Hansen test

reported in Column 2 bring into question the validity of instruments dated ¢t — 2.

Column 3 of Table A4 adds lagged terms in ]I("Zj’tt__ll and Ay; ;1 to the specification in Column
2. The version of the average ¢ specification in Column 3 of Table A4 corresponds closely with
the error correction specification from Tables A1 and A2. Comparing Columns 3 and 2 in Table
A4, the Sargan/Hansen test statistic appears to increase just slightly as a result of introducing
the additional lagged variables to the average q specification; however, coefficient estimates are

very stable across the two columns.
[Table A4 Here]

Based on the comparison of results across Table A4, and for the sake of comparability with

estimates of the error correction specification, the System GMM instrument set from Column
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3 of Table A4 is used to estimate the average q specification in the body of this chapter.

1.10.4 Gearing Adjustment

Table A5 below compares alternative instrument sets used to estimate the error correction and
average q specification from Table 12, in which uncertainty proxies are adjusted for effects of
financial leverage. Comparisons based on Differenced Sargan/Hansen tests reported in Table
A5 below suggest that A2yi7t may not be a valid instrument for equations in levels used to
estimate the error correction specification in which uncertainty terms are adjusted for effects
of financial leverage. Excluding the latter moment condition increases the significance of coef-

ficients estimated on uncertainty sales growth interaction terms.

Column 1 of Table A5 presents estimates of the error correction specification from Column
2 of Table 12, but excludes A2yi7t_2 from the instrument set for equations in levels. Column
2 of Table A5 adds A2yi,t,2 as an instrument for equations in levels to the instrument set in
Column 1. A Differenced Sargan/Hansen test is used to evaluate the null hypothesis that the
additional moment condition in Column 2 of Table A5 is valid against the alternative that only
the moment conditions from Column 1 of Table A5 are valid. The value of one less the p-value
of the Differenced Sargan/Hansen test statistic is reported in the bottom of Column 2, which

rejects the validity of the null hypothesis.

[TABLE A5 HERE]

Column 3 of Table A5 presents estimates of the average ¢ specification from Column 5 of
Table 12, but excludes Azyi,t,g from the instrument set for equations in levels. Column 4
adds the latter instrument to the instrument set from Column 3. Unlike the case of the error
correction specification a Differenced Sargan/Hansen test does not reject the null hypothesis
that the moment conditions in Column 4 are valid, relative to the alternative that only the

subset of moment conditions from Column 3 are valid.
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1.11 Annex 1

1.11.1 Error Correction Specification

Coefficients on (kj+—1 — v;t—1) terms in the error correction specifications presented in Table 7
represents the sum of coefficients on lagged dependent variables in the ADL[2,2] specification
between the natural logarithms of capital and sales, less one (see Equation 1.25). As explained
in section 1.6.2, biases described by Blundell and Bond (1998) in coefficients estimated on lagged
dependent variables should be manifested in coefficients on the error correction term. As noted
in the text in section 1.6.2, the direction of the biases in coefficients estimated on the error cor-
rection specification are consistent with the findings of Blundell and Bond (1998): the Within
groups estimates appear to be biased downwards, as do First Differenced GMM estimates -
although not to the same extent - , whereas OLS estimates appear biased upwards and System

GMM estimates lie between the OLS and First Differenced GMM estimates.

System GMM estimates of the coefficient on the error correction term in Column 3 of Ta-
bles 6 and 7 appear quite close to the coefficients estimated by OLS in Column 4 of the same
tables. Given that bias in the OLS estimates caused by unobserved firm specific effects is ex-
pected to be quite strong, it may be questionable as to how close the System GMM estimates
of the coefficient on the error correction term could be to the true value. Correlation between
the error correction term and unobserved firm specific effects, together with poor instruments
for the (kjt—1 — yit—1) term in equations for levels could be leading to an upward bias in the

coefficient estimated on this term in Column 3 of Tables 6 and 7.

Using first differences of lagged endogenous variables as instruments for equations in levels
in GMM estimates relies on the assumption of constant correlation between endogenous vari-
ables and unobserved firm specific effects; whereby differencing lagged endogenous variables
provides valid moment conditions in GMM estimates. In the case of the error correction term
(kit—1—vit—1), first differences are unlikely to provide valid moment conditions for equations in
levels, as both Ak;; and Ay;; are also endogenous variables in the investment specification and
themselves correlated with unobserved firm specific effects: E[Ak; ;—2€i¢] # 0 E[Ay;1—2€i] # 0.

This is only an issue in moment conditions for equations in levels, as unobserved firm specific
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effects are eliminated by taking first differences of the investment specification in moment con-
ditions for equations in first differences. Indeed, in the Instrument Appendix, Section 1.10.2,
Differenced Sargan/Hansen tests did not support the validity of A(k;¢—2 — yit—2) as an instru-
ment for equations in levels in System GMM estimates of the error correction specification.
Using moment conditions based on the latter instruments in the System GMM estimates in Ta-
ble A2 of Section 1.10.2 significantly increased the minimized value of the criterion function and
Sargan/Hansen Test statistics, relative to estimates which excluded such moment conditions.
Furthermore - individually - AQki,t,Q and AQyM,g may be poor instruments for the the error

correction term in moment conditions for equations in levels.

To explore the impact of possible biases in coefficients estimated on (kj;—1 — y;¢—1) terms
in System GMM estimates of the error correction specification, Table A6 below presents esti-
mates of the error correction specification with alternative values imposed for the coefficient on
(kit—1 — yit—1). The values imposed on the coefficient are 0.1, 0.15, 0.2 and 0.3. The error
correction specifications in Table A6 also include the three uncertainty terms included in in-
vestment specifications throughout Chapter 1: oy * Ay; 4, Aoy and o0;;—1. The significance
of negative coefficients estimated on o;; * Ay;; terms appears to be sensitive to changes in
coefficients imposed on the error correction term in Table A6. As the imposed speed of adjust-
ment of the capital stock towards its equilibrium value is increased above 0.1, the coefficient on

oit * Ay ceases to be significant.

[TABLE A6 HERE]

Column 1 of Table A6 above presents the preferred system GMM estimates of the error
correction specification from Column 2 of Table 8. The coefficient on the error correction term
implies a 5% annual speed of adjustment to equilibrium capital stocks. Column 2 increases the
speed of adjustment to 10%, implying a downward adjustment to the sum of coefficients on
lagged k; + terms in the context of the ADL(2,2] specification. As a result the coefficient on the
uncertainty sales growth interaction term decreases in magnitude, whereas its standard error

remains relatively constant, decreasing the significance of the coefficient. Column 3 imposes a
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speed of adjustment of 15% in the error correction specification, causing the coefficient on the
uncertainty sales growth interaction to decrease again in magnitude; without any change to its
standard error the coefficient on o; ; * Ay, ; ceases to be significant in Column 3. The coefficient
on the latter term decreases monotonically as the coefficient on the error correction term is

increased to 0.2 and 0.3 in Columns 4 and 5 respectively.

Comparing the p-values of Sargan/Hansen test statistics across the Columns of Table A6, they
remain relatively constant. This implies that the criterion function being minimized to produce
the System GMM estimates is relatively flat with respect to the coefficient on the error correc-

tion term.

Table A7 below re-produces the results of Table A6, but using only A2k;; o as an instrument
for equations in levels. Although results presented in the instrument appendix 1.10.2 supported
the validity of additional instruments for equations in levels, there are arguments to prefer the
restricted instrument set in Table A7. The larger Sargan/Hansen p-values in Table A7, and
instability in coefficients between Tables A6 and A7 (particularly on the uncertainty terms)
are reasons to question the validity of the larger instrument set from Table A6. Furthermore,
coefficients on uncertainty terms are more stable across the columns of Table A7 as alternative
coefficient values are imposed on the error correction term. Comparing the Sargan/Hansen p-
values between Columns 1 and 4, changing the coefficient value on (k;;—1 —y;+—1) terms causes
the minimized value of the GMM criterion function to increase more in Table A7 than in Table
A6. Moreover, comparing coefficients on error correction terms between Column 1 of Tables
A6 and A7, restricting the instrument set for equations in levels increases the magnitude of the
coefficient on the error correction term. The coefficient on the error correction term in Column
1 of Table A7 is therefore larger in magnitude than the corresponding OLS estimate and is

likely reflecting less bias in the estimate.

[TABLE A7 HERE]
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Although the instrument set used in Table A7 is different from the preferred instrument set

used throughout the thesis, results discussed throughout the thesis are robust to the use of the

more restricted instrument set. Using only A2ki,t_g or A [I(ilfft__é as instruments for equations
in levels for the error correction and average q specification respectively, does not affect con-
clusions drawn from comparing coefficients on uncertainty terms within or between these two
specifications. The following subsection repeats the analysis in Tables A6 and A7 for the aver-
age q specification. The final section of this annex presents estimation results from Chapter 1
using the restricted instrument sets for equations in levels, commenting on some minor changes
in results. Results from using the restricted instrument set are also presented for specifications

from Chapter 5 in a similar Annex at the end of that chapter.

1.11.2 Average Q Specification

It is worthwhile to note that the issue of bias in the coefficient on the (k;;—1 — yi—1) term in
the error correction specification may arise analogously in the average q specification. The two
specifications are not very different given that the average q term @;; could be interpreted as a

type of non-linear error correction term as noted in Section 1.3.2. Furthermore, the relationship

between II(Z_’Z and In(Qi+) = In(Viy — pH(1 — 6)Kit—1) — In(pl (1 — §)K;4-1)®® should be very

similar to the relationship between Ak;; and (k;;—1 — ¥i:—1) in the error correction specifica-
I ¢ I ¢

tion. The semi-elasticity of [I(ijtt with respect to Q; is given by aln?é’ft) = 85% @i, and can be

approximated by the product of the coefficient estimated on Q);; in the average q specification,

and the mean of average q. The semi-elasticity of [I(Z’tt with respect to @);; is comparable to

the coefficient on the (k;; — y;:—1) term in the error correction specification. Thus coefficients

0.1 0.15 0.2 0.3 59 : : : s s Lt .
= 22 2 9 99 ymplying semi-elasticities of ==~ with
Qi Qi Qit’Qiy’ plymeg K¢

respect to (Q; ¢ which are comparable to the values of 0.1,0.15,0.2,0.3 imposed on the coefficients

on ();; can be imposed to values of

on (kj+—1 — yi+—1) in the error correction specification. Table A8 below presents System GMM
estimates of the average q specification, with the above mentioned values imposed on the coef-

ficient on ;¢ across Columns 2-5. Column 1 presents the unrestricted System GMM estimate

58GQee Equation 1.26
59Where Qi,+ denotes the sample mean of Q; ¢
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of the average q specification from Column 4 of Table 10.

[TABLE A8 HERE]

Two important distinctions to note between Tables A6 and A8 are with regards to the sig-
nificance of coeflicients on the uncertainty sales growth interaction term and the p-values of the
Sargan/Hansen test statistics. Coefficients on uncertainty sales growth interaction terms are
similar between Columns 1 and 2 of Table A8, both in terms of magnitude and significance.
Coefficients on uncertainty sales growth interaction terms are not significant in Columns 3, 4
and 5, however the Sargan/Hansen test strongly rejects the validity of the instrument set in
these columns. As the imposed coeflicients on the @);; term are increased across the Columns
of Table A8, the Sargan/Hansen test statistics (and the minimized value of the System GMM
criterion function) increase commensurately. This was not the case with estimates of the error
correction specification in Table A6, in which Sargan/Hansen test statistics did not appear very

sensitive to the coefficient on the (k;¢—1 — yi—1) term.

Table A9 below reproduces estimates presented in Table A8, using only A% as an instrument
for equations in levels. As in the results presented in Table A8, the p-values of Sargan/Hansen
test statistics steadily decrease across the columns of Table A9 - rejecting the validity of the
instrument set in Columns 4 and 5. Unlike in the results presented in Table A8, the coefficient

on the uncertainty sales growth interaction term is only significant in Column 1 of Table A9.

[TABLE A9 HERE]

1.11.3 Chapter 1 Results Based on Alternative Instrument Sets

This subsection compares System GMM estimation results presented in Tables 8, 9, 10, 12, 13,
14 and 15 from Chapter 1, with results obtained using a restricted subset of instruments for
equations in levels. As mentioned above, conclusions drawn from the tables in Chapter 1 are

largely unaffected by changing the instrument set in this way. For ease of comparability tables
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are labeled as in the body of the Chapter, for example Table 8* corresponds to Table 8 in the
chapter; these tables are presented in the final section of Chapter 1 following the instrument

appendix tables.

Tables 8% and 9* below present estimates of error correction specifications from the corre-
sponding tables in the body of Chapter 1. The chief difference to note is the larger magnitude
and greater significance of coefficients on the uncertainty sales growth interaction term and
error correction term in the tables below. Coefficients on linear uncertainty terms are also more

significant in the tables below.

[TABLE 8* HERE]
[TABLE 9* HERE]

Table 10* below presents estimates of the average q specifications from the corresponding
table in the body of Chapter 1. In the table below the coefficient on the uncertainty sales
growth interaction term is larger in magnitude but of similar statistical significance relative to
results presented in the body of Chapter 1. As in the case of the error correction specification
coefficients on linear uncertainty terms are larger in magnitude and more significant in the set

of results with the restricted instrument set.

[TABLE 10* HERE]

Tables 12* and 13* below present estimates of the error correction and average q specifi-
cations from Tables 8% and 10* above - adjusting uncertainty terms for leverage and weekend
effects on stock return volatility. Coefficients on uncertainty sales growth interaction terms in
the error correction specification are more significant in the set of results with the restricted
instrument set; as are coefficients on linear uncertainty terms. Adjusting the uncertainty terms
in the average q specification causes marginally significant coefficients on these terms to become

insignificant.
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[TABLE 12* HERE]
[TABLE 13* HERE]

Tables 14* and 15* below present estimates of the hybrid investment specifications in which
instrument sets have been restricted relative to those used to produce results presented in the
body of the Chapter. Table 14* below presents results from adding and removing terms from
the error correction specification. As a result of the restricted instrument set the coefficient on
the error correction term is no longer insignificant in Column 3, in which average ¢ terms have
been added to the specification and instrument set. However, the magnitude and significance of
the coefficient on the error correction term is still diminished relative to Column 1, as a result
of adding the average ¢ term to the specification and instrument set. As in results presented
in Chapter 1, replacing the error correction term with the average q term in the specification
and instrument set between Columns 1 and 5 decreased the magnitude and significance of the
coefficient on the uncertainty sales growth interaction term. Removing the average q term be-
tween Columns 5 and 6 causes the coefficient on the uncertainty sales growth interaction term
to increase in magnitude. Comparing coefficients on uncertainty sales growth interaction terms
between Columns 1 and 6, including the error correction term in the specification in Column 1

results in a much more significant coefficient.

[TABLE 14* HERE]

As in results presented in the body of Chapter 1, adding the error correction term to the
average q specification between Columns 1 and 3 of Table 15* has a limited impact on the
coefficient on the uncertainty sales growth interaction term. Unlike in the case of Table 14*
above, the coefficient on the error correction term in Column 3 of Table 15* below is not signif-
icant. Comparing Columns 1 and 5 in Table 15* below, replacing the average q term with the
error correction term causes the coefficient on the uncertainty sales growth interaction term to

become slightly more significant. Unlike the results presented in the body of Chapter 1, adding
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the average q term between Columns 6 and 1 has almost no effect on the coefficient on the

uncertainty sales growth interaction term.

[TABLE 15* HERE]
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1.12 Tables of Results

Table 1
Summary Statistics

1) (2) 3) (4)

mean std. dev. min max
Akiy 0.0959 0.1560 -0.7707 1.2294
1?{: 0.1494 0.1273 -0.9498 0.7316
Ayt 0.0467 0.1618 -1.0091 1.0373
(ki — i) -1.0315 0.8372 -4.6187 2.5615
Qi 1.4056 1.7729 -0.8603 13.4544
Oit 1.5330 0.6586 0.4465 4.3567

Table 2
Summary Statistics BBVR

1) (2) 3) (4)

mean std. dev. min max
Ak; 4 0.1626 0.1159 -0.1258 0.9017
% 0.1275 0.1366 -0.1102 1.2056
Ay 0.0312 0.1578 -0.79.15 1.2183
(kit — vir) -0.8622 0.5622 -3.2864 1.3924
Qi
Oig 1.5532 0.6841 0.0067 5.0000
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Table 3
Autoregressive Models

AR[1] Models

it = kig i = Akiy Tig = Yt T = Ayt xip = (kig — Yit)
1) (2) (3) 4) (5)
Tip—1 991 .209 .986 .361 978
(.001)"** (.023)*** (.001)"** (.024) 7% (.004)***
Table 4

Autoregressive Models

AR[4] Models

Tit = Yizt Tip = kig zip = (kix — Yir) zip = (kit — Yit)
Tit—1 .993 1994 .982 .978
(.002)*** (.002)*** (.006)*** (.004)***
Az 314 173 -.016
(.033)*** (.029)*** (.035)
Az o -.048 061 -.045
(.028)* (.029)** (.027)*
Ax;i3 .016 .048 -.008
(.030) (.025)* (.032)
Table 5
Autoregressive Models
Tit
Tt = Kt Tit = Qi,f, Tt = Oit
Tip-1 .246 .888 558
(.021)** (.015)*** (.017)**
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Table 6

Re-Arranged ADL[1,1] Specification

M @) ®) @
Within GMM DIFF GMM SYS OLS
Ay Y N Y

Yit—1 -.289 -.027 -.035 -.003
(.015)*** (.041) (.021)* (.001)***

Ayt .370 .249 .245 .439
(.017)*** (.092)*** (.102)* (.021)***

(ki,t—l - yiﬁtq) -.577 -.364 -.146 -.014
(.018)*** (.094)** (.053)** (.003)***

Sargan/Hansen 27 .654

DoF T 137

AR1 -5.683 -7.822

AR2 -1.606 -.559

AR3 -.427 -.216

AR4 .402 428

Instruments For Equations in First Differences

Akiy t-3:t-4 t-3:t-4

Ay t-3:t-4 t-3:t-4

(kit — Yit) t-3:t-4 t-3:t-4

Ot * AYiy t-3:t-4 t-3:t-4

Oit t-3:t-4 t-3:t-4

Instruments For Equations in Levels

A2k y t-2:4-2

A2y, t-2:t-2

Akit — yit)

A(O’i’t * Ayi,t) t-2:t-2

Aoy t-2:t-2

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in

each column.
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Table 7

Re-Arranged ADL[2,2] Specification

M @) ® @
Within GMM DIFF GMM SYS OLS
Akiy Ak Ak Ak

Yit—1 -.314 -.040 -.049 -.003
(.022)** (.043) (.025)* (.001)**

Aki—1 -.091 -.180 -.244 .036
(.023)*** (.090)** (114)* (.027)

Ayip—1 -.073 -.044 .055 .032
(.021)*** (.069) (.055) (.022)

Ayt .386 318 .269 .399
(.018)*** (.098)*** (.105)** (.026)**

(kit—1 — Yit—1) -.676 -.330 -.162 -.010
(.027)*** (.081)*** (.054)*** (.003)***

Sargan/Hansen .406 .462

DoF 75 135

AR1 -2.594 -2.294

AR2 -2.555 -2.66

AR3 -.641 .056

AR4 .497 .482

Instruments For Equations in First Differences

Akiy t-3:t-4 t-3:t-4

Ay t-3:t-4 t-3:t-4

(kit — Yit) t-3:t-4 t-3:t-4

Ot ¥ AYiy t-3:t-4 t-3:t-4

Oit t-3:t-4 t-3:t-4

Instruments For Equations in Levels

A%k y t-2:4-2

A2y, t-2:t-2

Akit — yit)

A(O’i’t * Ayi,t) t-2:-2

Aoy t-2:t-2

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in

each column.
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Error Correction Investment Specification 2nd Order Lags

Table 8

0 @ ® @
Ak N Ak Ak
Akig—1 -.137 -.116 -.188 -.080
(.102) (.131) (.115) (112)
Ayii—1 .073 .078 .071 .076
(.051) (.051) (.052) (.051)
Ot * Ath -.207 -.237
(.093)** (.089)"**
Ayt 418 715 .393 174
(.105)*** (.173)*~ (.100)*** (171)***
(kit—1 — Yit—1) -.076 -.049 -.065 -.054
(.030)** (.028)* (.029)** (.029)*
Aoy -.030 -.032
(.018)* (.018)*
Oit—1 -.029 -.043
(.018) (.017)***
Sargan/Hansen 194 .397 .323 .351
DoF 136 133 134 135
ARI1 -3.624 -2.985 -2.991 -3.541
AR2 -1.918 -1.424 -1.991 -1.472
AR3 .029 -.121 .023 -.123
AR4 611 .589 573 .708
Instruments For Equations in First Differences
AV t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — yit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot ¥ AYiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k t-2:t-2 t-2:t-2 t-2:4-2 t-2:4-2
A2y, t-2:t-2 t-2:4-2 t-2:4-2 t-2:4-2
Aki — yit)
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy * Ayis t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in

each column.
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Table 9

Error Correction Investment Specification 1st Order Lags

0 B ® @
Ak N Ak Ak
Ayt 378 .684 .351 752
(.094)** (.168)*** (.098)*** (.162)***
Ot * Ayiy -.188 -.218
(.083)** (.078)***
(kit—1— Yit—1) -.076 -.054 -.066 -.059
(.030)** (.027)* (.028)** (.028)**
Aoy -.024 -.027
(.019) (.019)
Oi—1 -.027 -.038
(.015)* (.014)***
Sargan/Hansen 441 .547 .516 .589
DoF 138 135 136 137
AR1 -8.591 -9.131 -8.834 -8.932
AR2 -.225 -.112 =117 -.266
AR3 -.107 .03 -.128 .065
AR4 524 452 .464 561
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — Yit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k y t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A2y t-2:-2 t-2:-2 t-2:t-2 t-2:4-2
Alkig —yit)
Aoy t-2:t-2 t-2:t-2 t-2:6-2 t-2:t-2
Aoy x Ay y t-2:6-2 t-2:4-2 t-2:t-2 t-2:t-2

See Note to Tables 6, 7 and 8.
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See Note

Table 10

Average Q Investment Specification

(1) (2) (3) (4) (5) (6)
Tit Tit it Tt Tit T+
Kit Kit Kit Kt Kt Kt
Pl 029 -015 -.042 -.022
' (.119) (.103) (.105) (.098)
Ay .039 .033 .038 .048
(.049) (.043) (.044) (.042)
Ayt .303 271 415 .232 .446
(.069)*** (.089)*** (.128)**+ (.079)*** (.123)***
oit * Ayig -.107 -.118
(.063)* (.062)*
Qi .020 .015 .015 .020 .019 .020
(.011)* (.004)*** (.004)*** (.005)*** (.005)*** (.005)***
Aoy -.012 -.016
(.015) (.015)
Oit—1 -.017 -.027
(.013) (.013)**
Sargan/Hansen 617 .684 571 734 .633 .606
DoF 41 91 89 147 148 149
ARI1 -10.149 -9.24 -4.309 -4.528 -4.326 -4.606
AR2 -1.022 -.113 -.458 -.709 -.864 -.924
AR3 115 -.041 -.076 -.262 -.113 -.194
AR4 -.167 .8 .83 .953 .831 .985
Instruments For Equations in First Differences
- t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4
Tt * Ayiy t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
ot £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2
A2y t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:6-2 t-2:t-2 t-2:t-2
Aoy * Ayiy t-2:t-2 t-2:t-2 t-2:6-2
to Tables 6, 7 and 8.
Table 11
Adjusted Uncertainty Terms
Adjusted Uncertainty Measures
(1) (2) 3) (4)
mean standard deviation minimum maximum
Ot 1.533 0.659 0.446 4.357
Git % Oit 1.299 0.549 0.313 3.977
o 1.212 0.522 0.278 3.595
wo ¢ 1.739 0.706 0.274 7.722
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Table 12
Effects of Financial Leverage

(1) (2) 3) (;1) (}5) (16)
Ak?i’t Akiﬂt Ak}i’t Kz;f ﬁ Klztt
Aki—1 -.116 -.178 -.135
(.131) (.123) (.112)
Ft= -015 -078 -.060
it—1
(.103) (.109) (.108)
Ayii—1 .078 .089 .084 .033 .046 .058
(.051) (.050)* (.053) (.043) (.044) (.044)
Tt * Ayi,t -.207 -.107
(.093)** (.063)*
Git * Oip * Ayiy -.215 -.232 -.073 -.094
(124)* (.123)* (.085) (.086)
Ay 715 .667 .700 415 .347 .387
(173)*** (.170)*** (.172)*** (.128)*** (.134)*** (127)%**
Qi .020 .019 .019
(.005)*** (.005)*** (.005)***
(kijtfl — yi,tfl) -.049 -.051 -.054
(.028)* (.030)* (.030)*
Aciy -.030 012
(.018)* (.015)
O4t—1 -.029 -.017
(.018) (.013)
A(giy * 0it) -.037 -.018
(.023) (.021)
Git—1 % 04 t—1 -.045 -.024
(.022)** (.017)
Sargan/Hansen .397 .286 212 734 411 .463
DoF 133 133 135 147 147 149
ARI1 -2.985 -2.844 -3.274 -4.528 -4.025 -4.163
AR2 -1.424 -1.943 -1.842 -.709 -1.146 -1.172
AR3 -.121 -.113 -1 -.262 -.196 -.116
AR4 .589 515 .628 .953 .833 .881
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4
AL t-3:t-4 t-3it4 t-3:t-4
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
kit — Vit t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4
Ot * Ayiy t-3:t-4 t-3:t-4
Gt * 06, t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Git * 05 ¥ Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
Azkiﬂt t-2:t-2 t-2:t-2 t-2:t-2
ot 22 6-2:t-2 £-2:t-2
Azyiﬂt t-2:t-2 £-2:t-2 £-2:4-2 t-2:4-2 t-2:4-2 t-2:4-2
A(kie — i)
AQiy t-2:-2 t-2:6-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2
Aoy * Ay g t-2:t-2 t-2:t-2
A(git * 0it) t-2:t-2 t-2:t-2 £-2:t-2 t-2:4-2
A(giz * oip * Ayig) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2

See Note to Tables 6, 7 and 8.
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Table 13
Weekend Effects and Weekly Standard Deviation in Stock Returns

1) 2 ©)) (4)
Akig Aki R iom
Akt -.099 -.155
(.137) (:139)
Lit—1
Yoo -.019 -.028
(.104) (.107)
Ayii—1 .079 077 .027 .051
(.051) (.058) (.043) (.044)
oy x Ayiy -.268 -.143
(.125)** (.083)*
wot * Ay, ¢ -.129 -.069
(.093) (.057)
Ayt .703 .663 422 .389
(177)** (:200)*** (.132)*** (.137)***
Qi .020 .018
(.005)*** (.005)***
(ki,t—l — yiyt_l) -.048 -.066
(.029)* (.028)**
Acl -.039 -.018
' (.022)* (.019)
01 -.034 -.022
' (.024) (.018)
Awoyy -.028 -.014
(.015)* (.013)
WO 1 -.041 -.026
(.021)** (.013)*
Sargan/Hansen 461 .39 .764 .766
DoF 133 133 147 147
ARI1 -2.931 -2.698 -4.403 -4.339
AR2 -1.258 -1.612 -.678 -.862
AR3 -.075 .019 -.29 -.012
AR4 .526 .554 .93 .802
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4
Fi t-3:t-4 £-3:t-4
it
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
kit — Yit t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
agf’t t-3:t-4 t-3:t-4
agf’t * Ay t-3:t-4 t-3:t-4
wo; t-3:t-4 t-3:t-4
wo g * Ayiy t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k t-2:t-2 t-2:t-2
Dt £-2:t-2 £-2:t-2
it
A2y t-2:t-2 t-2:t-2 t-2:-2 t-2:4-2
A(ki,t - yz‘,t)
AQiy t-2:4-2 t-2:t-2
Aoz-ft t-2:t-2 t-2:t-2
Aoz-ft * Ay, ¢ t-2:t-2 t-2:t-2
Awojy t-2:t-2 t-2:t-2
Awoj s * Ay, 4 t-2:t-2 t-2:t-2

See Note to Tables 6, 7 and 8.
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Table 14
Ak;; Hybrid Investment Specification

0 @ ) @ ® ©)
Akiy Akiy Akiy Ak AV Akiy
Aki— -.116 -.120 -.148 -.154 -.126 -.089
(.131) (.101) (.107) (.108) (.122) (.146)
Ays -1 .078 .007 .047 .055 .058 .089
(.051) (.053) (.049) (.050) (.050) (.058)
Ot ¥ AYiy -.207 -.184 -.180 -.190 -.133 -.121
(.093)* (.089)** (.077)** (071)*** (.082) (.106)
Ayt 715 .609 .580 .591 487 .522
(173)*** (171)** (.142)** (137)** (.156)*** (:216)*
Qi .044 .028 .029 .027
(.009)*** (.006)*** (.005)*** (.006)***
(k17t71 - yi’f,,l) -.049 -.024 -.010
(.028)* (.023) (.020)
Aoy -.030 -.018 -.021 -.021 .0007 -.002
(.018)* (.016) (.015) (.015) (.019) (.021)
Oit—1 -.029 -.011 -.017 -.018 -.015 -.029
(.018) (.016) (.016) (.016) (.016) (.017)*
Sargan/Hansen .397 672 .664 .692 .806 .594
DoF 133 132 164 165 144 113
AR1 -2.985 -3.885 -3.543 -3.585 -3.356 -2.994
AR2 -1.424 -1.214 -1.63 -1.676 -1.451 -1.171
AR3 -.121 -.413 -.191 -.165 -.054 145
AR4 .589 .812 744 .755 .902 779
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit—1 — Yit—1) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A2k y t-2:t-2 t-2:t-2 t-2:-2 t-2:t-2 t-2:-2 t-2:t-2
A2y, t-2:-2 t-2:-2 t-2:-2 t-2:-2 t-2:t-2 t-2:-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:6-2 t-2:t-2
Aois * Ayit) t-2:t-2 t-2:t-2 t-2:t-2 t-2:-2 t-2:t-2 t-2:t-2

See Note to Tables 6, 7 and 8.
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Table 15

Iléltt Hybrid Investment Specification
(1) (2) (3) (4) (5) (6)
it Tt Tt Tt Tt it
Kt Kt Kt Kit Kiy Kt
II(:’: -.015 -.009 -.049 -.047 -.049 -.020
" (.103) (.106) (.093) (.103) (.118) (.139)
LD.ly .033 .032 .040 .065 .061 .060
(.043) (.042) (.040) (.042) (.043) (.049)
sdret-dly -.107 -.115 -.124 -.065 -.115 -.089
(.063)* (.067)* (.057)* (.068) (.070)* (.074)
D.ly 415 .430 .446 410 .489 421
(.128)*** (.132)** (.119)** (.139)** (.143)**~ (.165)**
Q .020 .020 .021
(.005)*** (.005)*** (.005)***
L.ecm .004 -.0009 -.028 -.019
(.013) (.014) (.014)** (.019)
D.sdret -.012 -.013 -.022 -.023 -.037 -.025
(.015) (.015) (.011)* (.011)** (.013)**~ (.017)
L.sdret -.017 -.016 -.018 -.036 -.036 -.033
(.013) (.014) (.013) (.013)** (.014)** (.015)**
Sargan/Hansen 734 .709 767 574 .658 734
DoF 147 146 167 168 136 116
AR1 -4.528 -4.4 -4.489 -4.219 -3.806 -3.542
AR2 -.709 -.644 -.948 -1.185 -.966 -.737
AR3 -.262 -.278 -.324 -.048 -.228 -.088
AR4 953 .962 927 757 718 741
Instruments For Equations in First Differences
o t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — Yit) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
o £-2:4-2 £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2 £-2:4-2
A2y, t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AQiy £-2:4-2 £-2:4-2 -2:6-2 t-2:4-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
t-3:t-4
Ao % Ay;y t-2:6-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2

See Note to Tables 6, 7 and 8.
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Table D1
Firm Industry Coverage

Industry Frequency Percentage
Basic Industries 692 14.10
Capital Goods 1319 26.87
Consumer Durables 153 3.12
Consumer Non-Durables 791 16.12
Consumer Services 1203 24.51
Energy 90 1.83
Health Care 175 3.57
Public Utilities 123 2.51
Technology 235 4.79
Transportation 127 2.59
Total 4 908 100.00
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Table D2
Summary Statistics

(1) (2) 3) 4)

mean std. dev. min max
Akiy 0.0959 0.1560 -0.7707 1.2294
L 0.1494 0.1273 -0.9498 0.7316
Ayt 0.0467 0.1618 -1.0091 1.0373
(ki — i) -1.0315 0.8372 -4.6187 2.5615
Qi 1.4056 1.7729 -0.8603 13.4544
Ot 1.5330 0.6586 0.4465 4.3567
Table D3
Correlation

Akt % Ayt (ki1 — yie-1) Qit Tit

(1) (2 3) (4)
Ak, 1.0000
L 0.9621  1.0000
Ayis 04537  0.4394  1.0000
(kit—1 — Yit—1) -0.0730 -0.0526 0.0732 1.0000
Qi 0.2428 0.2741 0.2199 -0.2517 1.0000
Ot -0.1540 -0.1172 -0.1598 0.0247 -0.0922 1.0000

1.13 Chapter 1 Estimation Results Using Restricted Instru-

ment Set
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Table Al
Error Correction Investment Specification: Instruments
For Equation in First Differences Lagged t-2:t-4

0 @ ) @ ® ©)
AV Ak Ak Ak;y Ak Ak
Akiy 011 -.022 -.036 -.044 014 -.031
(.031) (.038) (.035) (.035) (.039) (.034)
Ayt -.051 -.058 -.065 -.055 -.054 -.059
(.029)* (.032)* (.032)** (.030)* (.030)* (.033)*
Ot * Ay g -.154 -.101 -.072 -.152 -.154 -.068
(.065)** (.067) (.078) (.085)* (.079)* (.074)
Ayt 761 .582 .504 611 .625 .505
(.124)** (.146)*** (.145)*** (.158)*** (.140)*** (.143)**
(kit—1 — Yit—1) -.484 -.141 -.064 -.038 -.091 -.084
(.086)** (.054)*** (.044) (.028) (.046)** (.053)
Aoy -.013 -.040 -.045 -.042 -.036 -.046
(.015) (.018)** (.019)* (.019)** (.016)** (.018)***
Oit—1 -.014 -.042 -.053 -.051 -.036 -.057
(.017) (.023)* (.022)** (.024)** (.016)** (.021)***
Sargan/Hansen 175 .247 41 .255 .568 .443
DoF 136 147 147 148 148 147
AR1 -4.844 -8.375 -8.084 -8.684 -8.017 -8.048
AR2 -1.151 -.524 -.453 -.667 -.431 -.483
AR3 -.868 -.453 -.424 -.428 -415 -.422
AR4 .538 453 467 .506 461 473
Instruments For Equations in First Differences
Akiy t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Ayt t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
(kit—1 — Yit—1) t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Oit t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
ot * Ayiy t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Instruments For Equations in Levels
AQkiﬂt t-1:t-1
AQyiﬂt t-1:t-1
Akit—1 — Yig-1) t-1:t-1
AO’Z'_’t t-1:t-1
A(O’i’t * Ayi,t) t-1:t-1
Difference Sargan Test
(1-p-value) 0.999 0.992 0.999 0.929 0.987

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in
each column.
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Table A2
Error Correction Investment Specification: Instruments
For Equation in First Differences Lagged t-3:t-4

(1) (2) 3) (4) (5) (6) (7)

Akiy Akiy AV AV Ak; ¢ Akiy Akiy

Otk Ay -.216 -.313 -.295 -.251 -.302 -.306 -.207
(.109)** (.105)*** (.122)** (.112)* (.093)*** (114)*** (.093)**
Ayt .687 723 727 .698 739 752 715
(.184)*** (.182)*** (.194)** (.190)*** (171)*** (.180)*** (173)***
(kit—1 — Yit—1) -.326 -.119 -.041 -.022 -.084 -.071 -.049
(:100)*** (.044)*** (.031) (.025) (.034)** (.032)** (.028)*
Aoy -.024 -.053 -.059 -.066 -.047 -.053 -.030
(.019) (.022)** (.022)** (.021)*** (.018)*** (.020)*** (.018)*
Oit—1 -.051 -.063 -.082 -.095 -.051 -.064 -.029
(.026)* (.037)* (.036)** (.036)*** (.020)** (.031)** (.018)
Sargan/Hansen .665 772 729 .567 751 774 .397
DoF 92 102 112 113 113 112 133
ARI1 -1.9 -3.669 -3.195 -3.173 -3.313 -3.395 -2.985
AR2 -2.132 -2.496 -1.903 -2.323 -2.248 -2.259 -1.424
AR3 -.67 -.168 -.101 -.031 -.088 -.122 -.121
AR4 732 .53 .559 .55 524 .55 .589
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — vit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot * Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k 4 t-2:6-2 2082 262 6262 2062 t-2:it-2
A2y, t-2:t-2 t-2:t-2
A(kiyt — yi,t) t-2:t-2
Aoy t-2:-2 t-2:t-2
Aoz % Ayiyg) t-2:t-2 t-2:t-2
Difference Sargan Test
(1-p-value) 0.136 0.674 0.934 0.591 0.506 0.862

See note to Table Al.
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Table A3
Average Q Investment Specifications: Instrument Selection

(1) (2) (3) (4) (5) (6) (7)
Tit Tt Tit Tit t

. Tie T4 . Tie
Kit Kit K¢ Ki Kit Kit K¢t
ot x Ay -.077 -.094 -.058 -.098 -.088 -.061 -.032
' (.072) (.067) (.069) (.061) (.065) (.068) (.065)
Ayt .351 .380 .300 .398 374 311 .276
(-124)* (.116)*** (.119)*= (:110)*** (.113)** (117)** (.114)**
Qi .033 .032 .030 .020 .029 .032 .019
(.007)** (.007)*** (.006)*** (.003)*** (.006)*** (.006)*** (.003)***
Aoy -.019 -.023 -.025 -.019 -.029 -.025 -.025
(.015) (.014) (.014)* (.014) (.012)** (.014)* (.013)*
Oit—1 -.017 -.024 -.026 -.021 -.030 -.028 -.032
(.015) (.015) (.014)* (.014) (.011)*** (.014)** (.010)***
Sargan/Hansen 725 .576 .448 .581 507 597 41
DoF 154 166 177 178 178 177 212
AR1 -9.757 -9.789 -9.727 -9.865 -9.804 -9.731 -9.8
AR2 .045 .045 .032 -.126 .063 .062 -.087
AR3 -.208 -.195 -.263 -.096 -.18 -.254 -.178
AR4 .81 .808 .768 .759 741 791 731

Instruments For Equations in First Differences

IIJZZ t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Ayt t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Qi t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Oit t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Ot ¥ Ayiy t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4 t-2:t-4
Instruments For Equations in Levels
ot t-lt-1 -1l eltel bl teletel teletel
A2y, , t-1:t-1 t-1:t-1
AQi ¢ t-1:t-1 t-1:t-1
Aoy t-1:t-1 t-1:t-1
Aois * Ay;t) t-1:t-1 t-1:t-1
Difference Sargan Test
(1-p-values) 0.906 0.889 0.526 0.766 0.461 0.910

See note to Table Al.
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Table A4
Average Q Investment Specification: Timing of Instruments

(1) (2) (3)
T: ¢ T+ Iit
Ki Kit Kit
Lit—1
e -.015
(.103)
Ayu,l .033
(.043)
O ¥ AYiy -.032 -111 -.107
(.065) (.062)* (.063)*
Ayt .276 434 415
(114)** (119)**~ (.128)***
Qi .019 .020 .020
(.003)*** (.004)*** (.005)***
Aoy -.025 -.009 -.012
(.013)* (.014) (.015)
Oi—1 -.032 -.016 -.017
(.010)*** (.012) (.013)
Sargan/Hansen A1 .739 734
DoF 212 149 147
AR1 -9.8 -9.521 -4.528
AR2 -.087 -.174 -.709
AR3 =178 -.058 -.262
AR4 731 .897 .953
Instruments For Equations in First Differences
o £-2:t-4 t-3:t-4 t-3:t-4
Ay t-2:t-4 t-3:t-4 t-3:t-4
Qi t-2:t-4 t-3:t-4 t-3:t-4
Oit t-2:t-4 t-3:t-4 t-3:t-4
ot Ayiy t-2:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A t-1:t-1 £-2:t-2 £-2:t-2
it
A2yi,t
AQ; t-1:t-1 t-2:t-2 t-2:t-2
Aoy t-1:t-1 t-2:t-2 t-2:t-2
Aoy % Ayiyg) t-1:t-1 t-2:t-2 t-2:t-2
Difference Sargan Test
(1-p-values) 0.902

See note to Table Al.
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Table A5
Alternative Instrumentation with Adjusted Uncertainty Measures

(1) 2) (?) (14)
Akiy N yiom i
JAV T -.195 -.178
(-105)* (.123)
L1
yoomany -.111 -.078
(.115) (.109)
Ayii—1 110 .089 .068 .046
(.051)** (.050)* (.046) (.044)
Git * Oip % Ayiy -.357 -.215 -.146 -.073
(.116)*** (124)* (.089)* (.085)
Ayt 175 .667 .429 .347
(.160)*** (.170)*** (.135)*** (.134)***
(kz',t—l - yiyt_l) -.064 -.051
(.028)* (.030)*
Qi .019 .019
(.005)*** (.005)***
A(gir*0it) -.051 -.037 -.025 -.018
(.023)** (.023) (.021) (.021)
Git—1 * 05 t—1 -.058 -.045 -.026 -.024
(.022)*** (.022)** (.018) (.017)
Sargan/Hansen 729 .286 .584 411
DoF 123 133 137 147
AR1 -3.114 -2.844 -3.686 -4.025
AR2 -2.396 -1.943 -1.41 -1.146
AR3 -.144 -.113 -.224 -.196
AR4 .388 515 811 .833
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4
e t-3:t-4 t-3:t-4
it
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
kit — Vit t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
Git * Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Git * 05 ¥ Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
Azkiﬂt t-2:6-2 t-2:t-2
A2y, t-2:t-2 t-2:4-2
Tit . .
Agt £-2:t-2 £-2:t-2
A(kie — i)
AQiy t-2:t-2 t-2:t-2
A(gix * 0it) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A(gig *0ip % Ayig) £-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Difference Sargan Test
(1-p-value) 0.999 0.701

See note to Table Al.
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TABLE A6
Error Correction Investment Specification -
Grid of Coeflicients on (k;¢—1 — yi1—1) Terms

M @ ® @ @
Ak Ak Ak AV AV
Aki—1 -.116 -.134 -.141 -.139 -.124
(.131) (.113) (.112) (.115) (.120)
Ayt .078 .058 .037 .019 -.009
(.051) (.052) (.053) (.055) (.058)
Oip* Ayiy -.207 -173 -.148 -.131 -.108
(.093)** (.096)* (.102) (.105) (.107)
Ay 715 .687 .656 .622 .569
(.173)**= (.191)*** (.205)*** (:211)*** (.218)***
(ki,t—l — yiyt_l) -.049 -1 -.15 -2 -3
(028)" (fit) (fit) (fit) (6t)
Oit—1 -.029 -.028 -.028 -.028 -.024
(.018) (.018) (.019) (.021) (.024)
Aoy -.030 -.028 -.025 -.022 -.015
(.018)* (.017) (.018) (.018) (.019)
Sargan/Hansen 397 4 .393 387 371
DoF 133 134 134 134 134
AR1 -2.985 -3.318 -3.201 -3.033 -2.722
AR2 -1.424 -1.675 -1.709 -1.699 -1.654
AR3 -.121 -.199 -.282 -.363 -.548
AR4 .589 .b97 .609 .614 .614
Goodness of Fit 413 .332 .264 212 151
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — Yiz) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot x Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k y t-2:t-2 t-2:t-2 t-2:4-2 t-2:4-2 t-2:4-2
A2y, t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aki — yit)
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy * Ayt t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2

See note to Table Al. Goodness of Fit reports the squared correlation between the dependent
variable and the value predicted by the estimated model.
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TABLE A7

Error Correction Investment Specification with Alternative Instruments -
Grid of Coeflicients on (k; —1 — yi1—1) Terms

M @) ® @
AV Ak Ak AV
Akitq -.145 -.147 -.147 -.150
(.091) (.091) (.097) (.115)
Ay; 1 105 .099 .089 .073
(.049)** (.049)** (.050)* (.055)
Oip % Ayiy -.313 -.300 -.286 -.268
(.105)*** (.099)*** (.097)%* (.098)***
Ayt 723 117 715 .736
(.182)*** (.180)*** (179)*= (.185)**
(ki,t—l - yivt_]) -.119 -.15 -2 -3
(049" (ft) (6t) (6t)
Oii—1 -.063 -.058 -.049 -.037
(.037)* (.035)* (.034) (.036)
Aoy -.053 -.048 -.041 -.031
(.022)** (.021)** (.021)** (.022)
Hy: 0;1Ay; s = Aoy = 0531 =0 0.00 0.00 0.00 0.02
Hy: 1Ay = Aoy =0 0.00 0.00 0.00 0.01
Ho: Aojy=044-1=0 0.06 0.06 0.14 0.37
Sargan/Hansen 772 .796 .786 .691
DoF 102 103 103 103
AR1 -3.669 -3.707 -3.249 -2.31
AR2 -2.496 -2.598 -2.543 -2.309
AR3 -.168 -.206 -.283 -.481
AR4 .53 .541 .557 .589
Goodness of Fit 227 202 A71 .136
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — yit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k 4 t-2:t-2 t-2:-2 t-2:t-2 t-2:4-2
Azyz‘,t
Alkiy —yir)
AO’Z'_’t
Ao x Ayiy

See note to Table Al.
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TABLE A8
Average Q Investment Specification -
Grid of Coefficients on @Q;; Terms

(1) (2) (3) 4) (5)
Lie Jie Jie Jie Iit
Kit Kit Kit Kit Kit
L -.015 -.140 -.227 -.208 -.402
(.103) (.114) (.144) (.163)* (.208)*
Ayii—1 .033 -.002 -.028 -.059 -.131
(.043) (.054) (.064) (.072) (.096)
Ayt 415 .408 .289 .210 131
(.128)=** (.178)** (.196) (.218) (.301)
Oig % Ayiy -107 -.143 -116 -.106 111
(.063)* (.083)* (.085) (.097) (.148)
Qi .020 .1/Qav 15/Qav .2/Qav .3/Qav
(-005)™* (fit) (fit) (fit) (fit)
Aoy -.012 -.006 .003 .008 .021
(.015) (.015) (.017) (.020) (.028)
01 -.017 .012 .034 .056 .106
(.013) (.018) (.022) (.026)** (.035)***
H()Z Uz}tAyi,t = Ao—i,t =0it—1= 0 0.03 0.35 0.32 0.13 0.02
Hol o—i,tAyi,t = AO',M =0 0.16 0.21 0.38 0.48 0.53
Hy: Acip=0i4-1=0 0.40 0.63 0.27 0.07 0.01
Sargan/Hansen 734 .162 .019 .004 .0004
DoF 147 148 148 148 148
AR1 -4.528 -3.319 -2.274 -1.758 -.989
AR2 -.709 -1.137 -1.39 -1.618 -1.703
AR3 -.262 -.938 -1.391 -1.709 -1.908
AR4 .953 1.088 779 .25 -.548
Goodness of Fit .455 .301 242 211 187
Instruments For Equations in First Differences
e t-3:t-4  t-3t-4 34 t-3it-d 34
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot ¥ Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A £2:-2 6262 262 22 622
A2y t-2:-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:4-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aci*x Ayiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:4-2 t-2:t-2

See note to Table Al.
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TABLE A9
Average Q Investment Specification with Alternative Instruments -
Grid of Coefficients on Q;; Terms

(1) (2) 3) (4) (5)
T 4 T+ T+ Tit Tit
Kit Kit Kit Kit Kit
% -.081 -.097 -.122 -.138 -.141
(:126) (122) (.131) (.147) (.193)
Ayit—1 .057 .014 -.015 -.030 -.052
(.050) (.052) (.059) (.066) (.081)
Ayt AT6 .420 .349 .293 .205
(.181)*** (.214)** (.244) (:277) (.369)
Oip* Ayiy -.164 -.125 -.078 -.044 .016
(.097)* (.115) (.126) (.142) (.194)
Qi .027 .1/Qav .15/Qav .2/Qav .3/Qav
(097 (fi) (ft) 66) ()
Aoy -.030 -.023 -.015 -.002 .032
(.018)* (.020) (.024) (.028) (.038)
Oit—1 -.036 -.010 .011 .041 115
(.029) (.029) (.036) (.044) (.059)*
HQI Ui,tAyi,t = Aﬂut =0it—1 = 0 0.06 0.33 0.67 0.63 0.18
Hy: 0;1Ay; s = Aoy =0 0.04 0.18 0.62 0.95 0.70
Hy: Aoy =044-1=0 0.24 0.45 0.53 0.43 0.13
Sargan/Hansen .803 .504 .188 .043 .003
AR1 -3.454 -3.638 -3.356 -2.948 -2.07
AR2 -1.04 -.785 -.624 -.481 -.185
AR3 -.386 -.833 -1.116 -1.314 -1.496
AR4 1.008 1.057 .858 514 -.185
Goodness of Fit .409 .335 .301 278 .254
Instruments For Equations in First Differences
2L t-3:t-4  t-3:t-4 t-3:t-4 t-3:t-4  t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
Agt 2:6-2 6262 6262 22 t-2:6-2
A2yi,t
AQ;t
Aau
AUz:,t * Ayi,t

See note to Table Al.
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Table 8*: Alternative Instruments
Error Correction Investment Specification 2nd Order Lags

(1) 2 (3) (4)
Ak}i’t Ak’i,t Akiﬁt Aki,t
Aki—1 -.246 -.145 -.212 -.158
(.104)** (.091) (.086)** (.093)*
Ayit—1 .069 .105 .083 .096
(.054) (.049)** (.051) (.050)*
Oi,t * Ayi,t -.313 -.346
(.105)*** (.095)***
Ayt 314 723 .260 .824
(-106)*** (.182)*** (.110)** (181)***
(ki,tfl - yiﬂtfl) -.148 -.119 -.123 -.137
(.049)*** (.044)** (.044)*** (.047)***
Aoy -.063 -.096
(.037)* (.038)**
Oit—1 -.053 -.063
(.022)** (.024)***
Sargan/Hansen 313 172 .504 .633
DoF 105 102 103 104
AR1 -2.699 -3.669 -3.795 -3.394
AR2 -3.006 -2.496 -3.187 -2.829
AR3 071 -.168 .041 -.103
AR4 511 .53 517 .653
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — Yit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A2k y t-2:t-2 t-2:t-2 t-2:-2 t-2:-2
AQyi,t
Alkit — yir)
Aoy
Acgit x Ayiy

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in
each column.
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Table 9*: Alternative Instruments
Error Correction Investment Specification 1st Order Lags

1) 2) (3) (4)
Ak;y Ak;y Akiy Akiy
Ayt .279 .694 242 776
(.101)** (171)*** (.104)** (.176)***
Ot * Ayiy -.274 -.303
(.092)*** (.087)***
(ki,tfl — yi,tfl) -.142 -.134 -.137 -.138
(.051)*** (.045)** (.044)*** (.052)***
Oit—1 -.061 -.076
(.029)** (.030)**
Aoy -.048 -.053
(.021)** (.022)**
Sargan/Hansen .659 .866 782 791
DoF 107 104 105 106
AR1 -7.729 -8.13 -8.106 -7.572
AR2 -.612 -.524 -.48 -.767
AR3 -.22 -.086 -.309 .018
AR4 464 282 322 501
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — Yit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k y t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AQyi,t
Alkig —yit)
Aaiﬁt
Acit x Ayiy

See note to Table 8*: Alternative Instruments.
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Table 10*: Alternative Instruments
Average Q Investment Specification

(1) (2) (3) (4) (5) 6)
Kt Kt Kt Kt it Kit
— 073 -.081 -.090 -.085
' (.138) (.126) (.127) (.116)
Ayi1 .022 .057 .056 .064
(.059) (.050) (.050) (.050)
Ayiy .378 .325 476 197 .496
(.100)*** (.108)*** (.181)%** (.083)** (.164)***
Ot ¥ Ayiy -.164 -.164
(.097)* (.086)*
Qi 020 024 023 027 028 031
(.011)* (.009)*** (.010)** (.009)*** (.009)*** (.009)***
Aoy -.030 -.034
(.018)* (.017)**
Oit—1 -.036 -.047
(.029) (.028)*
Sargan/Hansen 617 .696 .654 .803 728 .643
DoF 41 70 68 105 106 107
ARI1 -10.149 -8.416 -3.874 -3.454 -3.457 -3.654
AR2 -1.022 .054 -.065 -1.04 -1.036 -1.282
AR3 115 .028 -.209 -.386 -.206 -.268
AR4 -.167 877 .933 1.008 .852 1.101
Instruments For Equations in First Differences
2 £-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
it t-3:t-4 t-3:t-4 t-3:t-4
Ot ¥ AYiy t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
At £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2
Azyi,t
AQi¢
Ao'i,t
Acit x Ayiy

See note to Table 8*: Alternative Instruments.
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Table 12*: Alternative Instruments
Effects of Financial Leverage

(1) 2) () ([4) (15) (16)
Akiyt Aki,t Aki,t ﬁ ﬁ Kl?t’
Aki— -.145 -.153 -.166
(.091) (.088)* (.090)*
pasL -.081 -139 -115
i,t—1
(.126) (.137) (.120)
Ayi -1 105 .098 .086 .057 .067 .070
(.049)** (.049)** (.050)* (.050) (.054) (.052)
Oit * Ay -.313 _164
(.105)*** (.097)*
git * Ot * Ayi,t -.366 -.385 -.139 -.129
(.126)*** (124)*** (.122) (.113)
Ayt 723 732 794 AT6 .384 .394
(.182)*** (.184)%*~ (.187)%** (.181)%** (.188)** (172)**
Qi .027 .025 .030
(.009)*** (.010)*** (.009)***
(ki,t—l — yi,t—l) -.119 -.124 -.139
(.044) 7+ (.044) 7+ (.048)***
Oii—1 -.063 -.036
(.037)* (.029)
Aoy -.053 -.030
(.022)* (.018)*
Git—1 * Ot —1 -.077 -.041
(.042)* (.035)
A(git * 0it) -.059 -.032
(.025)** (.022)
Sargan/Hansen 772 .681 .543 .803 .283 .425
DoF 102 102 104 105 105 107
AR1 -3.669 -3.746 -3.525 -3.454 -3.026 -3.473
AR2 -2.496 -2.548 -2.855 -1.04 -1.339 -1.415
AR3 -.168 -.262 -.191 -.386 -.285 -.183
AR4 .53 .399 .541 1.008 .838 .953
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4
2 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
kit — Vit t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4
Oig ¥ AYiy t-3:t-4 t-3:t-4
Git * 01,1 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Git * T % Ayig t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k y t-2:t-2 t-2:-2 t-2:t-2
H £-2:t-2 £-2:t-2 £-2:t-2
i,t
A2yi,t
Alkie — yir)
AQir Aoy
Aoy * Ayiy

A(gi * 04t)
A(gi,t * Oyt % Ayi,t)

See note to Table 8*: Alternative Instruments.
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Table 13*: Alternative Instruments
Weekend Effects and Weekly Standard Deviation in Stock Returns

(1) (2) (13) (14
Ak Ak Koo Rer
Ak -.164 -.230
(.093)* (.100)**
Lit—1
Yoo -.100 -.134
(.135) (.126)
Ayip—1 .108 121 .060 077
(.050)** (.052)** (.052) (.051)
o * Ayiy -.393 -.204
’ (.137)%* (.135)
woj s * Ay -.232 -.132
(.105)** (.092)
Ayt 724 .636 .466 .443
(.187)*** (.199)** (.193)** (.193)**
Qi .028 .021
(.009)*** (.010)**
(ki,tfl - yivtfl) -.123 -.113
(.044)*** (.048)**
ov -.076 -.048
' (.047) (.039)
Acl -.063 -.035
: (.028)** (.023)
WO -1 -.082 -.049
(.034)** (.028)*
Awojy -.052 -.028
(.020)** (.017)*
Sargan/Hansen 762 .603 .79 743
DoF 102 102 105 105
AR1 -3.503 -2.838 -3.137 -3.132
AR2 -2.634 -3.061 -1.112 -1.505
AR3 -.108 2 -.341 .008
AR4 AT75 447 982 775
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4
Lt t-3:t-4 t-3:t-4
it
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
kit — Vit t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
o} t-3:t-4 t-3:t-4
‘721‘1,)1 * Ay ¢ t-3:t-4 t-3:t-4
wo; t-3:t-4 t-3:t-4
woy g x Ay t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k t-2:t-2 t-2:1-2
At £-2:4-2 £-2:4-2
AQyi,t
Alkie —yir)
AQiy
A(r;-f’t
A(r;f’t * Ay, g
Awo;y

Awog s * Ay, 4

See note to Table 8*: Alternative Instruments.
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Table 14*: Alternative Instruments
Ak;; Hybrid Investment Specification

(1) (2) (3) (4) (5) (6)
Akiy Akiy Akiy Akiy Akiy Akiy
Aki— -.145 -.170 -.181 -.182 =175 -.174
(.091) (.096)* (.088)** (.085)** (.101)* (.127)
Ayii-1 .105 .037 .062 .068 .076 127
(.049)** (.054) (.051) (.054) (.056) (.065)*
Oip* Ay -.313 -.223 -.200 -.222 -.190 -.267
(.105)*** (.102)** (.090)** (.096)** (.110)* (.143)*
Ayt 723 .618 .613 .625 .601 .612
(.182)*** (.186)*** (.167)*** (174)%** (.194)*** (.269)**
Qi .039 .034 .040 .043
(.012)*** (.009)*** (.009)*** (.010)***
(k17t71 - yi’f,,l) -.119 —078 —084
(.044)*** (.042)* (.042)**
Aoy -.053 -.034 -.033 -.037 -.013 -.039
(.022)** (.021) (.019)* (.018)** (.022) (.025)
Oit—1 -.063 -.047 -.047 -.045 -.024 -.067
(.037)* (.032) (.031) (.031) (.031) (.032)**
Sargan/Hansen 772 747 .765 .652 .755 .615
DoF 102 101 122 123 102 82
AR1 -3.669 -3.261 -3.56 -4.342 -3.769 -2.905
AR2 -2.496 -1.984 -2.328 -2.207 -1.976 -1.949
AR3 -.168 -.429 -.278 -.215 -.132 .203
AR4 .53 817 .809 .799 .929 .648
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit—1 — Yit—1) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A2k y t-2:t-2 t-2:t-2 t-2:-2 t-2:t-2 t-2:-2 t-2:t-2
AQyi,t
AQiy
AO'“

See note to Table 8*: Alternative Instruments.
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Table 15*: Alternative Instruments

I; . . .
-+ Hybrid Investment Specification
Kz,t
(1) (2) 3) (4) (5) 6)
L Tix Tit Tit Tit L
Kit K K Ki Kiy Kit
o -.081 -.084 115 -122 -113 -.095
' (.126) (124) (.107) (.116) (.122) (.147)
Ayii—1 .057 .055 .061 .084 .073 .068
(.050) (.049) (.046) (.045)* (.045) (.054)
i % Ayig -.164 156 133 144 181 178
(.097)* (.099) (.073)* (.080)* (.088)** (.106)*
Ayt 476 AT7 438 .483 .496 433
(.181)%** (.183)**+ (.136)*** (.148) %= (.157) %= (:218)**
Qi .027 .025 .026
(.009)*** (.009)*** (.008)***
(ki,tfl - yiﬂtfl) -.028 -.034 -.049 -.051
(.025) (.028) (.030) (.031)
Aoy -.030 -.032 -.038 -.048 -.059 -.056
(.018)* (.017)* (.016)** (.016)*** (.017) %= (.024)**
Oit—1 -.036 -.037 -.045 -.063 -.065 -.071
(.029) (.028) (.027)* (.028)** (.030)** (.034)**
Sargan/Hansen .803 .826 .839 .846 .759 769
DoF 105 104 125 126 105 85
AR1 -3.454 -3.374 -3.691 -3.369 -3.279 -2.923
AR2 -1.04 -1.095 -1.431 -1.631 -1.442 -1.098
AR3 -.386 -.418 -41 -.247 -.447 -.349
AR4 1.008 .994 97 .T78 .763 744
Instruments For Equations in First Differences
= t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — yit) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot * AYiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
o t-2:-2 t-2:4-2 £-2:4-2 £-2:4-2 £-2:¢-2 t-2:-2
AQyi,t
AQi;
AO’Z'_’t

A(ois* Ay

See note to Table 8*: Alternative Instruments.
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Chapter 2

Capturing the Impact of Real

Option Effects of Uncertainty on
Firm Investment in Estimates of
Error Correction and Average Q

Specifications

2.1 Introduction

Results presented throughout Chapter 1 suggested that investment uncertainty relationships
described in estimates of error correction and average q specifications were generally consistent
when both specifications were estimated using a panel data set of UK firms. However, coef-
ficients estimated on uncertainty sales growth interaction terms were larger in magnitude and
more significant in estimates of error correction specifications. Previous empirical research into
effects of uncertainty on firm level investment has focused on a single investment specification
- popular choices being error correction and average q models. It is important to determine
whether estimates of the former specifications yield consistent results regarding investment un-
certainty relationships. Estimates of such specifications could be used to assess the implications

of monetary or fiscal policy on firm investment, and it is meaningful to clarify whether estimates
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of a specific specification may provide a more accurate account of this effects of uncertainty.

Although investment uncertainty relationships were generally consistent across estimates of the
two investment specifications in Chapter 1, the measure of investment used as the dependent
variable, together with the inclusion of average q and error correction terms among the explana-
tory variables, appeared to have a significant effect on coefficients estimated on uncertainty sales
growth interaction terms. The current chapter assesses these findings by comparing investment
uncertainty relationships described by estimates of error correction and average q specifications
with simulated panel data sets. The simulated data sets are generated by a MATLAB pro-
gram written by Professor Nick Bloom of Stanford University, in which investment uncertainty
relationships can be directly observed through varying the level of underlying uncertainty in
demand /productivity conditions faced by firms. Firms in the simulation program face uncer-
tain stochastic demand/productivity conditions and real option values to (partially) irreversible
investment decisions. Empirically observable variables outputted by the simulation are used to
estimate error correction and average q investment specifications in order to evaluate the capac-

ity of each in describing the effects of real options on firm investment across simulated data sets.

Uncertainty in the simulation is defined as volatility in a stochastic index of demand and
productivity conditions. Non-parametric Lowess plots of investment responses to underlying
demand growth illustrate a negative real option effect of higher volatility(/uncertainty) on the
investment responses to demand. The strength of these real option effects on investment is
demonstrated to change with both the degree of irreversibility of investment, and volatility in
the underlying demand /productivity index; consistent with the predictions of theoretical invest-

L. Empirical proxies for the underlying uncertainty - included

ment literature on real options
in estimates of the investment specifications - are constructed in the program based on within
year volatility in monthly returns on the value function of a firm. These uncertainty proxies
in the simulation program are intended to mimic empirical proxies based on volatility in stock

returns. 2

'Dixit and Pindyck (1994)

*Bloom, Bond and Van Reenen (2007) show that the negative real option effects of uncertainty on investment
can be captured by a negative significant coefficient estimated on an interaction term between sales growth and
the empirical uncertainty proxy, within an error correction specification.
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Using the simulation program, a panel data set is generated in which error correction and aver-
age q specifications are able to identify lower investment responses to demand at higher levels of
uncertainty with significant negative coefficients estimated on interaction terms between sales
growth and the uncertainty proxy. As in the empirical data set, the inclusion of error correction
and average ¢ terms in their respective specifications played an important role in identifying co-
efficients estimated on uncertainty sales growth interaction terms with the simulated data. The
measurement of investment also has a significant effect on coeflicients estimated on uncertainty
sales growth interaction terms in estimates of average q and error correction specifications with

the simulated data.

From the parameterization of the simulation program that produced the former data set, si-
multaneously decreasing both volatility in demand conditions and non-convex adjustment costs
causes coeflicients on uncertainty sales growth interaction terms to become insignificant in esti-
mates of both specifications. This suggests that in the simulated data neither specification has
a tendency to falsely report - or significantly overstate - lower investment responses to demand

at higher levels of uncertainty.

From the simulated data set that leads to similar descriptions of investment uncertainty rela-
tionships in estimates of error correction and average q specifications, two causes are identified
which lead to inconsistencies between coeflicients estimated on uncertainty terms between these
two specifications. (i) As a result of decreasing both partial irreversibility of capital (differ-
ences between purchase and resale prices of capital) and fixed costs to changing the capital
stock, significant coefficients estimated on uncertainty sales growth interaction terms in error
correction specifications become insignificant; whereas the same coeflicient remains strongly
significant and an order of magnitude larger in estimates of the average q specifications. (ii)
Measurement error in present discounted firm values and average ¢, can lead to a more reliable
account of investment uncertainty relationships in estimates of error correction specifications.
By introducing measurement error into firms’ value functions within the simulated data set, it

is possible to cause significant negative coefficients on uncertainty interaction terms in estimates
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of average q specifications to become insignificant when the specification is re-estimated with

noisy measures of average q.

These results obtained with the simulated data may have implications for research into in-
vestment uncertainty relationships using empirical data with a similar data generating process.
Results with the simulated data suggest instances in which either the error correction or average
q specification may provide a more reliable description of investment uncertainty relationships.
Regarding cases in which firms face "low” non-convex adjustment costs, the simulated data
suggests that estimates of average q specifications may better capture real option effects of un-
certainty on investment. However, noise, or measurement error in average q, possibly resulting
from stock market measures of firm value, could lead to a more reliable description of effects of

uncertainty in estimates of error correction specifications.

The remainder of the chapter is structured as follows: Section 2 briefly describes Professor
Nick Bloom’s MATLAB program, with a more detailed description of the investment model
outlined in a Program Appendix; Section 3 reviews the error correction and average q spec-
ifications, discussing their underlying assumptions in relation to the investment model of the
simulation program. Section 4 presents results from estimating the two investment specifications
using 4 simulated data sets with varying levels of volatility in demand /productivity conditions,
non-convex capital adjustment costs and real option values; Section 5 presents results from
estimating the two investment specifications with measurement error introduced into the value
functions of firms in the simulated data; Section 6 provides an overview of the results obtained

with the simulated data, and concluding remarks.
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2.2 Simulation Program

This section describes the MATLAB program and underlying investment model used to gen-
erate the simulated data analyzed in this chapter. The MATLAB program was written by
Professor Nick Bloom of Stanford University, and the version described here was originally used
to generate simulated data in Bloom, Bond and Van Reenen (2007).® No changes are made
to the structure of the MATLAB program, which outputs the same format of data sets used
in Bloom, Bond and Van Reenen (2007). Changes are made to the capital adjustment cost
parameters, and parameters governing the variance of underlying demand conditions in order
to generate simulated data sets with different real option values to investment decisions. An
overview of the MATLAB code and investment model is outlined here, and a more detailed

description is provided in the Program Appendix at the end of this Chapter.

The MATLAB code is used to generate a panel data set containing annual investment and
output data for 10 000 firms over 15 years. Each firm is made up of 250 production units, or
plants, that make monthly investment decisions in two types of capital based on their individ-
ual iso-elastic demand curves*The number of production units per firm is not changed from the
Bloom, Bond and Van Reenen (2007) parameterization of the program. The number of produc-
tion units was chosen in that paper by increasing the number until it no longer impacted their
results. Stochastic demand and productivity conditions, faced by each plant, drive investment
dynamics in the simulation. The investment model of each production unit is based on Eberly
and Van Mieghem (1997) which assesses the real option effects of demand uncertainty on invest-
ment in multiple lines of capital goods. Each individual plant faces fixed and quadratic costs to
adjusting the capital stock, and a re-sale price of capital that is lower than the purchase price
(partially irreversible capital stock). The annual figures of each firm are aggregated over and
across the monthly investment decisions and capital types of its individual production units.

There is no debt built into the investment model.

Uncertainty, in the simulated data, varies over time and across plants and firms, and is de-

3The program is available for download from Professor Bloom’s website
http://www.stanford.edu/nbloom/index_files/Page298.htm
4
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fined as the volatility in the underlying productivity and demand conditions faced by individual
production units. The stochastic process of the underlying demand conditions generates real
option values to plant level investments, which are positively related to the volatility of the
demand process and the magnitude of non-convex capital adjustment costs. Due to the fact
that volatility in underlying demand/productivity conditions is changing over time for each
production unit, the real option values to their investment decisions change as well. Long run,
Hartman-Abel effects of uncertainty are not present in the simulated data used in this chapter,
which focuses on short run effects of uncertainty on investment behaviour arising from real

options.

An empirical corollary to the underlying demand uncertainty is generated in the simulated
data as within year volatility of the monthly returns to a firm’s value function. This measure
of uncertainty is meant to resemble the volatility in share price returns used to proxy uncer-
tainty in previous empirical investigations®. This empirical measure of uncertainty results from
extensive aggregation of different levels of underlying demand volatility driving the real options
of individual investment decisions in the model. The difference between underlying levels of
volatility faced by production units in the simulation and its aggregated proxy reflects a similar
aggregation over uncertainties faced by individual managers of a firm, into an overall level of
volatility in share price returns used to proxy uncertainty over expected profitability in empir-
ical data. The coefficient of correlation between average underlying levels of uncertainty across

production units of firms within a year, and the empirical proxy in the simulated data is 0.7085.

Bloom ,Bond and Van Reenen (2007) show that in this MATLAB simulation, the effects of
real options on the investment decisions of individual production units result in lower annual,
firm-level investment responses to demand growth, at higher levels of average annual underlying
demand volatility across the production units of firms. In their paper this negative effect of un-
certainty was described using non-parametric Lowess plots using actual volatility in underlying
demand conditions, as well as First Differenced GMM estimates of an error correction model

between log capital and log sales, including an interaction term between the empirical prozy

®Bloom, Bond and Van Reenen (2007), Leahy and Whited (1996), Bulan (2005), Bond and Cummins (2004).
5This coefficient is calculated using Simulated Data Set 1, and is of the same magnitude in other simulated
data sets used to produce the results in Sections 4 and 5.
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measure of uncertainty and sales growth.

The simulation program is run at the level of individual production units of firms, making
monthly investment decisions into their capital stocks. The production technology of each unit
is described by a Cobb Douglas production function, facing an iso-elastic demand curve. La-
bor is costlessly adjusted and optimized out of the revenue function of the individual plants.
Stochastic demand and productivity conditions are defined as an index in the production units’
revenue functions, based on multiplicative plant level and firm level shocks, which introduce
uncertainty at the level of individual plants, but tie investment decisions of plants together
based on firm wide shocks. Production units face partial irreversibility adjustment costs in the
form a wedge between the purchase and re-sale price of capital, fixed costs to adjusting the
capital stock, and quadratic costs which increase exponentially with the size of adjustment to

the capital stock.

The Bellman equation for each firm production unit is solved numerically in MATLAB, the
value function solution and optimal policy correspondences produced for each unit are then
combined with firm and production unit level demand-productivity conditions to simulate data
for investment, sales, capital stocks and firm values”. Before aggregating across 250 firm pro-
duction units and 12 time periods to produce firm year observations, the simulation is run for
240 monthly periods to produce an initial ergodic distribution. The annual investment figures
for firm ¢ in year ¢t (/;;) are aggregated over the 12 monthly investments in the two types of
capital at each plant. Annual values of the capital stock and the level of demand conditions for
firm 4 in year ¢ (K;; and X;) are generated by summing across the production units (j) within
each firm at the end of every year. Sales of firm ¢ in year ¢ (Y;;) is obtained by summing the
monthly revenues of production units (j) within each firm (i) and year (t). Annual firm level
uncertainty (var; ;) is measured as the within year average of volatility in the stochastic process
defining the demand/productivity index of each plant (o; j+,,)%; this average is calculated over
all 250 production units of each firm. The empirical measure of uncertainty (o;;) is calculated

as the within year standard deviation in the monthly returns to a firm’s value function.

"For more information see the Program Appendix.
8See appendix for more details.

116



Differences in real option values of investments at the level of individual production units
have significant effects on the aggregated investment dynamics, based on annual firm level
observations. Real option values can be changed by adjusting the levels of volatility in de-
mand /productivity conditions over time. The magnitude of real options can also be changed

with the level of non-convex capital adjustment costs faced by individual production units. Fig-

I ¢
Kii 1

ure 1 below shows Lowess® plots of annual average investment rates ( ), against the average
annual percentage change in the underlying demand conditions faced by firms (Alog(%; +)). Each

Lowess plot corresponds to a different level of underlying uncertainty in the sample.'C.

The Lowess plot corresponding to average annual investment undertaken at the highest level of
uncertainty has the smallest slope, representing lower average investment responses to growth
in demand, arising from more valuable real options of the investment decisions of individual
production units at higher levels of uncertainty. The Lowess plots of investments undertaken
at the progressively lower levels of uncertainty in the data have proportionately larger slopes,

corresponding to larger investment responses to demand at lower levels of uncertainty.

[FIGURE 1 HERE]

In the simulated data used to generate Figure 1 above, partial irreversibility adjustment
costs!! are imposed on production units, whereby capital is re-sold for 25% (partial capital
adjustment cost of 75 %) of the purchase price, and fixed costs of 7.5% of annual revenue are

paid each time capital stocks are adjusted!?. Figure 2 below illustrates the effect of lower real

9Lowess smoothing estimates a linear regression at each data point, using Cleveland’s (1979) tricube weighting
over a moving window of 5% of the data, to generate a non-parametrically smoothed data series. Lowess is similar
to Kernel smoothing, but uses information on both the mean and the slope of the data and so is more efficient
in estimating functions with continuous first derivatives, which the aggregated data have asymptotically (in the
number of production units).

'9The 5 levels of uncertainty correspond to var;; <= 0.11, 0.11 < var;, <= 0.22, 0.22 < var;; <= 0.33,
0.33 < var;,s <= 0.44, 0.44 < var; 4, in the firm level annual panel data set produced by the simulation program.
These intervals were chosen because they contain 5 points around which values of var; ; cluster in the aggregated
simulated data. These are the same points used in Bloom, Bond and Van Reenen (2007) to construct the Lowess
plots in that paper

"For more information on adjustment costs faced by production units in the simulation program, refer to the
Program Appendix.

12These parameters were set to 50% and 5% in the original parameterization of the MATLAB code in Bloom,
Bond and Van Reenen (2007).
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option values on investment responses to demand with Lowess plots generated from simulated
data with lower capital adjustment costs. Relative to the case of Figure 1, partial irreversibility
capital adjustment costs are decreased from 75% (re-sale price 25% of purchase price) to 25%
(re-sale price is 75% of purchase price), and fixed capital adjustment costs are decreased to 2.5%
of annual revenues. The Lowess plots in Figure 2 correspond to investment responses to demand
at the same levels of underlying uncertainty as in Figure 1 above. The lower real option values
in the simulated data in Figure 2 result in larger slopes of the Lowess plots of the investment
responses to demand, relative to Figure 1, and the level of uncertainty has less effect on the

slopes of these plots.

[FIGURE 2 HERE]

Real option values to the investment decisions of production units can also be adjusted
through the variance of demand conditions in the simulation program. In Figures 1 and 2 the
variance of the underlying productivity /demand index described in the program appendix takes
on 5 values evenly spaced between 0.1 and 0.5. Figure 3 below contains Lowess plots of firm
investment responses to demand based on a simulation in which the variance of the underlying
productivity /demand index takes on 5 values between 0.02 and 0.1; and adjustment costs are
the same as in Figure 1 above. As would be expected, annual average changes in underlying
demand are much smaller in Figure 3 relative to Figure 1, due to the lower variance of the
underlying demand/productivity index. Figure 4 plots the regions of the Lowess plots in Figure
1 corresponding to the changes in average annual demand and axes in Figure 3. Comparing
the Lowess plots in Figures 3 and 4, smaller slopes of the Lowess plots in Figure 4 result from
more valuable real options faced by individual production units with greater variance in their

underlying demand/productivity indexes.

[FIGURE 3 HERE]

[FIGURE 4 HERE]
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Comparison across the Lowess plots in Figures 1 to 4 illustrates the effect of adjustment costs
and variance in underlying demand /productivity conditions on real option values; which result
in lower investment responses to changes in demand at higher levels of uncertainty or variance in
underlying demand/productivity indexes. Section 4 presents results from estimating investment
specifications using 4 simulated data sets, across which the magnitude of real options are varied
with the non-convex adjustment costs and variance of underlying demand/productivity indexes.
The simulated data set in which real option values are the highest, Simulated Data Set 1, sets
partial irreversibility adjustment costs to 20% 3, and fixed adjustment costs to 2% of annual
revenue, and allows the variance of the underlying demand/productivity indexes to take on 5
values from 0.1 to 0.5 (as in Figures 1 and 2, and in the simulated data used by Bloom, Bond and
Van Reenen (2007)). Real option values are lowered from this parameterization in 3 ways across
3 different data sets: (i) in Simulated Data Set 2, by lowering both the variance of underlying
demand /productivity indexes to take on 5 values from 0.075 to 0.375, and by decreasing partial
and fixed adjustment costs to 15% and 1.5% of annual revenue respectively; (ii) in Simulated
Data Set 3 by only decreasing the variance of underlying demand/productivity indexes to take
on 5 values from 0.075 to 0.375 relative to Simulated Data Set 1; and (iii) in Simulated Data
Set 4 by only decreasing partial and fixed adjustment costs to 15% and 1.5% of annual revenue

relative to Simulated Data Set 1.

13Capital can be resold for 80% of its purchase price.
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2.3 Investment Specifications in the Simulated Data

2.3.1 Error Correction Specification

The formulation of the error correction specification for the simulated data follows Bloom,
Bond and Van Reenen (2007), which assumes a co-integrating relationship between the natural
logarithms of a firm’s capital stock under adjustment costs and the frictionless capital stock

that would be chosen in the absence of adjustment costs:
log(Kiy) = log(Ki,) + €iq (2.1)

Where K;; is actual capital stock, K}, is optimal capital stock in the absence of adjustment
costs and e;; is a stationary error term. Bloom, Bond and Van Reenen (2007) formulate the

optimal frictionless capital stock as Equation (2.2) below.

log(K},) = log(Yis) + A] + B} (2.2)

The formulation of actual capital stock K;; in terms of optimal frictionless capital stock
with Equations (2.1) and (2.2) gives rise to the same type of error correction specification
between the natural logarithms of capital and sales that was estimated in Chapter 1. Beginning
with an expression for the natural logarithm of capital stock (k;+) in terms of log sales (y; )
and the error term e; ¢, additional lagged terms k; ;1 and y; ;—1 can be added as in Chapter 1,

resulting in an ADL[2,2] specification for the natural logarithm of capital (k;+) in terms of sales
(Yit):
kit = Bikis—1 + Bokis—o + oyic + a1yis—1 + aoyiso + by + a; + €5t (2.3)

Additional terms in k;; and y; + can added and subtracted, and then re-arranged to the form

of the error correction specification below:

Akiy = (Oéo +ar+a—(0)(1—p1 — 52)>yz‘,t—1 — PoAkit—1 — 0o AY; 11 (2.4)

oAy — (1= 1 — B2) (kig—1 — Oyiz—1) + by + a; + eiy
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Imposing the condition § = %ﬁrﬁo‘; = 1 on the terms of the ADL[2,2] specification (Equa-
tion (2.3)) will simplify Equation (2.4) into an error correction specification, as the coefficient
on y;¢+—1 is set to zero. As discussed in Chapter 1, this condition on the terms of the ADL[2,2]

specification imposes an equilibrium capital stock that is consistent with Equations (2.1) and

(2.2):

kit — Bikis—1— Bokit—o = aoYis + Q1yis1 + Qoyit2 + G; + by + €5y (2.5)

(1—51—52)k:(060+Oé1+062)y+&z‘+5t+6i,t (2.6)

The validity of this restriction can be evaluated with a t-test of the coefficient estimated on
¥it—1 in Equation (2.4). An estimated coefficient on this term that is not significantly different
from zero implies that the data supports the restriction of the coefficients of the ADL[2,2]

specification to the error correction specification below.

Akip = —PoAki—1 — 2 Ay; 41 (2.7)
+apAyizr — (1= B — B2) (kiz—1 — yig—1) + b + ;i + €5t

Bloom, Bond and Van Reenen (2007) note that the error correction specification they es-
timate!? is derived from the investment decisions of a single production unit with one type of
capital; as shown in the section on investment specifications in Chapter 1. However, Bloom,
Bond and Van Reenen (2007) report evidence of co-integration between firm time series of log
capital and log sales which are based on the aggregate investment decisions of many production
units in the simulated data. The current Chapter presents estimates of re-arranged ADL[2,2]
specifications of the form of Equation (2.4) with simulated data sets produced from various
parameterizations of the program. In each set of results coefficients estimated on ¥; ;1 terms
are statistically insignificant, supporting the error correction specification and the underlying
co-integrating relationship assumed between the natural logarithms of capital and sales. Esti-
mates of AR models of k; ¢, yir, Akit, Ay;y and (ki — yi ) presented for the simulated data in

Section 4, also support the co-integrating relationship between k;; and y; ;.

Based on Chetty (2007).
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2.3.2 Average  Specification

Working with empirical data in Chapter 1, values of average q (Q;) are obtained by taking
the ratio of the firm’s stock market value, to the replacement cost of its capital stock. In the
simulated data set, values of average q are obtained in a similar manner by taking the ratio of
the firm’s value function to its capital stock at the beginning of each annual period t. ® The
dependent variable of the average q specification is constructed in the simulated data by the

ratio of current period investment to capital stock: [I(iftt. Using these variables constructed in

the simulated data the same investment specification from Chapter 1 - based on the Hayashi

(1982) average q model - is re-estimated using the various simulated data sets in this Chapter.

I; I 4
Wt )\1Qi,t + )\QLl + )\3Ayi7t71 + )\4Ayi7t + a; + by + €it (2.8)
Ky Kt

The investment specification described in Hayashi (1982) is mis-specified in the simulated
data sets due to imperfect competition and non-convex, discontinuous capital adjustment costs.
However, obtaining estimates of average q specifications with these simulated data sets is in-
formative of the role of additional explanatory variables when average q is known not to be a
sufficient statistic for marginal q and the investment rate. Although it may not necessarily be
due to similar non-convex capital adjustment costs, or degrees of imperfect competition as in
the simulated data, the Hayashi (1982) often appears mis-specified in empirical data sets based

on the significance of explanatory variables in addition to average q.'6

Both the average q and error correction specifications are appended with similar uncertainty
terms to those used in Chapter 1 - constructed with the empirical uncertainty proxy calculated

in the simulated data: o;; * Ay;;, Aoy and 04 ¢—1.

15This measure is not calculated automatically by the simulation program, but constructed with the panel data
output.
163ee for example Bond and Cummins (2004), Bond and Cummins (2001), Bond et al (2004) or Bulan (2005).
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2.4 Results: Real Options

This section presents results from estimating error correction and average q specifications using
several simulated panel data sets with varying levels of real option values to investment op-
portunities. In estimates of error correction and average q specifications with Simulated Data
Set 1, coeflicients estimated on uncertainty sales growth interaction terms are significant and
negative, and are of comparable magnitude and significance across the two specifications. Con-
sistent with results obtained for the empirical data set in Chapter 1, the inclusion of average
q and error correction terms in these investment specifications has a substantial influence on
coefficients estimated on uncertainty sales growth interaction terms. In the simulated data, as
in the empirical data, the measurement of investment in estimates of the average q and error
correction specifications also has a significant effect on coefficients on uncertainty sales growth

interaction terms.

When the strength of real options are decreased between Simulated Data Sets 1 and 2, by
lowering both the volatility in demand/productivity conditions, and non-convex adjustment
costs, coefficients estimated on uncertainty sales growth interaction terms become insignificant
in both error correction and average q specifications. This implies that below a certain level,
weaker real option effects cannot be detected by coefficients estimated on uncertainty sales
growth interaction terms in either specification. Furthermore, these results suggest that neither
specification appears to be falsely reporting, or overstating lower investment responses to de-

mand at higher uncertainty arising from real option values in the simulated data.

In Simulated Data Sets 3 and 4 the strength of real option values are set at intermediate
levels between Simulated Data Sets 1 and 2, by only decreasing either non-convex adjustment
costs or volatility in demand/productivity conditions. Relative to Simulated Data Set 1, the
strength of real option effects is decreased by lowering the volatility in demand/productivity
conditions in Simulated Data Set 3. The lower real option values to investment in Simulated
Data Set 3 cause coefficients on uncertainty sales growth interaction terms to become only
marginally significant in estimates of average q and error correction specifications. However,

coefficients on these terms remain similar across estimates of both specifications, describing
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consistent investment uncertainty relationships.

Decreasing the strength of real options relative to Simulated Data Set 1, by lowering non-
convex capital adjustment costs in Simulated Data Set 4, results in inconsistent investment
uncertainty relationships described in estimates of error correction and average q specifications.
Decreasing the magnitude of non-convex adjustment costs in Simulated Data Set 4 from Sim-
ulated Data Set 1, causes the coefficient estimated on o;; * Ay;; to become insignificant in
the error correction specification; whereas the same coefficient remains strongly significant in
the average q specification. These results suggest that estimating average ¢ specifications may
yield a more reliable description of investment uncertainty relationships than estimates of error

correction specifications in simulated data with lower non-convex capital adjustment costs.

2.4.1 Simulated Data Set 1

Tables 1 and 2 below present OLS estimates of simple auto-regressive (AR) models for the vari-
ables used to estimate the error correction and average q specifications with Simulated Data
Set 1. Coefficient estimates across these tables demonstrate that these variables have the time
series properties assumed by the investment specifications in the simulated data. Columns 1
and 3 of Table 1 present OLS estimates of AR[3] and AR[4] models of the natural logarithms of
capital k;; and sales y;; respectively. Coefficients estimated on k;;—; and y; ;1 represent the
sum of the AR coefficients, indicating that each series is approximately unit root.!” Columns 2
and 4 present OLS estimates of the AR[1] models of the series Ak;; and Ay; ¢, in which coeffi-

cients on Ak; ;1 and Ay; ;1 are well below 1, implying stationarity in these series. Column 5

17 Although the hypothesis that these series are unit roots is formally rejected by the standard errors of co-
efficients estimated on k;:—1 and y;:—1, these series, and the underlying process driving them, are defined as
unit root processes in the MATLAB program. The OLS coefficient estimates that are marginally above one in
Table 1 are resulting from extensive aggregation across production units and over time, as well as the level of
volatility in the underlying demand/productivity index in the revenue function of individual production units.
In simulated panel data sets with no aggregation over time or across production units of firms, as well as lower
volatility in demand/productivity conditions, OLS estimates of similar AR models were able to identify the unit
roots in the series k;: and y;+. For the purposes of this investigation the level of aggregation and volatility in
demand/productivity conditions was not changed from the Bloom, Bond and Van Reenen (2007) version of the
MATLAB program; and the nature of the relationship between the upward bias in OLS estimates of AR models
for these series, and degree of aggregation and demand/productivity volatility in Professor Nick Bloom’s program
is left open to future investigation.
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presents estimates of an AR[1] model for the series (k;; — i), which also appears to be station-
ary. Together the coefficient estimates presented throughout Table 1, support the underlying
assumptions of the error correction investment specification and the co-integrating relationship

between the series k; ¢ and y; ;, which behave like /(1) variables in the simulated data.

[TABLE 1 HERE]
[TABLE 2 HERE]

Table 2 above presents OLS estimates of AR[1] models for the series %, Qi+ and o, in
the simulated data. Coeflicient estimates on the lagged dependent variables of these models

suggest that they are all stationary series.

Tables 3 and 4 below present First Differenced GMM estimates of the error correction and
average ( investment specifications using Simulated Data Set 1.'® Coefficient estimates on un-
certainty sales growth interaction terms o; * Ay; ; are significant and negative in estimates of

both investment specifications.

Column 1 of Table 3 below presents estimates of an unrestricted ADL[2,2] specification between
i+ and y; ¢, re-arranged to the form of an error correction model. The coefficient estimated
on y; 1 is insignificant, implying that the necessary restriction between the series k;; and y;
imposed by the error correction specification is not rejected by the simulated data. Column 2
restricts the coefficient estimated on y; ;1 to zero, resulting in no significant change to coeffi-
cients estimated on the remaining terms. Relative to the specification in Column 2, Column 3
adds an uncertainty sales growth interaction term o5 * Ay;;, on which a significant and nega-
tive coefficient is estimated. Column 4 drops the uncertainty sales growth interaction term from
Column 3 and adds linear uncertainty terms Ao;; and o;;—1; a positive, statistically significant

coefficient is estimated on the latter term, whereas the coefficient estimated on the former term

8The use of First Differenced GMM estimates with the simulated data sets follows Bloom, Bond and Van
Reenen (2007) which found it difficult to obtain suitable instruments for equations in levels for the error correction
specification in simulated data. This difficulty was also encountered in Simulated Data Sets 1 to 4, when searching
for valid instruments for equations in levels for the error correction specification, and also for the specification
based on average q.
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is statistically insignificant. At the current parameterization of the simulation program, this
coefficient is likely detecting a positive hangover effect of uncertainty and partial irreversibility
of investment, similar to the effect described in Abel and Eberly (1999). This effect occurs
when the accumulation of irreversible (or partially irreversible) capital, during times of positive
demand growth, leaves a firm with excess (or above optimal) levels of capital once demand
subsides.'® Column 5 includes both the linear and non-linear controls for uncertainty, on which

coefficients are not statistically different from Columns 3 and 4.

[TABLE 3 HERE]

The results in Columns 3 through 5 of Table 3 emphasize the importance of using interaction
terms between uncertainty proxies and sales growth to capture the effects of real options on
investment behaviour. Including only linear terms in the uncertainty proxies in the error cor-
rection investment specification estimated with this simulated data would provide no evidence
of real options. Figure 5 below presents Lowess plots of the investment responses to demand
at the different levels of underlying uncertainty in the simulated data illustrating the effect of
real options captured by the coefficients estimated on the term o4 * Ay; ; in Columns 3 and 5
of Table 3. The greater slopes of the Lowess plots at lower levels of uncertainty demonstrates
larger investment responses to demand at lower levels of uncertainty implied by the underlying

real option values in the simulation program.

[FIGURE 5 HERE]

Table 4 below presents First Differenced GMM estimates of an average q investment speci-
fication obtained from Simulated Data Set 1. Coefficient estimates on uncertainty terms across

the columns of Table 4 are consistent with the effects of uncertainty described in estimates of

19Such positive coefficients on linear uncertainty terms were not found in Bloom, Bond and Van Reenen (2007),
however relative to the parameterization of the simulations in Bloom, Bond and Van Reenen (2007), adjustment
costs have been significantly altered in Simulated Data Sets 1 through 4. Abel and Eberly (1999) notes that the
relative strength of user cost and hangover effects was relatively ambiguous in the investment model considered
in that paper, and was sensitive to the choice of parameter values.
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the error correction specification in Table 3 above. Comparing coefficients on o; ; * Ay; ; across
Tables 3 and 4, they have similar t-ratios and their magnitudes are very similar, within one

standard deviation of each other.

Column 1 of Table 4 presents estimates of the Hayashi q model, in which the investment rate is
a linear function of average ¢ and no other explanatory variables. Column 2 adds a sales growth

term Ay; 4, on which the coefficient estimate is significant and positive. Column 3 adds addi-

L1

tional terms 2~
i,t—1

and Ay; ;1 on which coefficients are individually insignificant, but jointly
significant according to a Wald test which rejects the null hypothesis of joint insignificance with
a p-value of 0.001. Column 4 adds the uncertainty sales growth interaction term o;; * Ay; ¢,
on which the estimated coefficient is significant and negative. Column 5 drops the uncertainty
sales growth interaction term and adds the linear uncertainty terms Ao;; and o;;—1. Only the
coefficient estimated on the latter of the two linear terms is significant, and describes a positive
effect on the investment rate. Column 6 includes both linear and non-linear uncertainty terms,
on which coefficient estimates are not significantly different from Columns 3 and 4. As discussed
in the case of Table 3, only coeflicients estimated on uncertainty sales growth interaction terms
show evidence of the effect of real options on investment behaviour in estimates of the average
q specification with this data set. Including only linear controls for the effects of uncertainty

would overlook the effects of real options on investment behaviour described by the average q

investment specification in this simulated data set.

[TABLE 4 HERE]

Tables 5 to 7 below present estimates of hybrid and accelerator investment specifications,
which were used in Chapter 1 to determine the influence of error correction and average q terms,
as well as the measurement of investment, on coefficients estimated on uncertainty terms. As
in results presented in Chapter 1 for empirical data, the measurement of investment had a sig-
nificant effect on coefficients estimated on uncertainty sales growth interaction terms in hybrid
specifications, and in the less general error correction and average q specifications. The inclu-

sion/exclusion of error correction and average q terms has a significant effect on coefficients
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estimated on uncertainty sales growth interaction terms in the hybrid, error correction and

average q investment specifications; a result which was also found with the empirical data.

Table 5 below presents estimates of error correction, hybrid and average q investment spec-
ifications, with the dependent variable specified as Ak;;. Column 1 presents estimates of the
error correction specification from Column 5 of Table 3, which includes all uncertainty terms.
Column 2 adds a Q; ¢ term to the specification, withholding it from the instrument set, resulting
in no significant changes to coefficients on the terms of the error correction specification from
Column 1, and an insignificant coefficient on @Q;; itself. Column 3 adds @);; to the instrument
set from Columns 1 and 2, increasing the positive coefficient on @); ¢, which becomes statistically
significant; and causing the coefficient on 0;;—1 to become statistically insignificant. Column
4 drops (ki—1 — yit—1) from the specification in Column 3, but retains its lagged value in the
instrument set. The result is a much less significant coefficient on o; ; * Ay; 1, however, the point
estimate on which remains similar to the those in the previous columns of Table 5. Dropping
(ki+ — yit) from the instrument set in Column 5 causes the point estimate on o;; * Ay;; to
increase in magnitude - becoming significant; and causes the positive coefficient on ;1 to be-
come significant. The coefficient on @); ; also doubles between Columns 4 and 5. Whereas adding
Qi+ to the error correction specification and instrument set over the first 3 columns of Table 5
seemed to have little impact on coefficients estimated on o; 4 * Ay; ¢, dropping (Kit—1 — Yit—1)

from the hybrid specification had a significant impact on the estimated coefficient.

[TABLE 5 HERE]

The specification in Column 5 of Table 5 is the average q specification in Column 6 of Table

I; ¢

4, with Kos

replaced with Ak;; in the specification and instrument set. Comparing coefficients

estimated on o;; * Ay;; between the latter columns, replacing Iléft

with Ak;; in the average
q specification causes the coefficient on o;; * Ay;; to increase in magnitude, with the change

slightly larger than either of the standard deviations of this coefficient in the tables.
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Table 6 below presents estimates of the average q, hybrid and error correction investment

Lt

K; ¢

specifications with the dependent variable parameterized as . Column 1 presents estimates of
the average q specification from Column 6 of Table 4. Column 2 of Table 6 adds (ki t—1 —¥it—1)
to the specification but not the instrument set, decreasing the significance of all coefficients
from the specification in Column 1, and causing coefficients estimated on o;; * Ay;; and Q;;
to become insignificant. Adding (k;; — vi+) to the instrument set in Column 3, results in very
little change to coefficient estimates from Column 2. The only difference between the hybrid
specifications in Columns 3 of Tables 5 and 6, is the measurement of investment as Ak;; in the

it

former and as [I( - in the latter. The difference between coefficients estimated on o;; * Ay;

between the two columns is quite substantial; moving from Table 5 to 6, the coefficient on
oit * Ay; ¢ in Column 3 decreases by a factor of roughly 10 and becomes statistically insignifi-
cant.?% In column 4 of Table 6 Qi is dropped from the specification in Column 3 but is kept
in the instrument set. Coeflicients on the remaining terms remain quite stable across Columns
3 and 4. Column 5 drops Q; from the instrument set in Column 4 resulting in small increases
in the magnitudes of coefficients estimated on o;; * Ay;; and o;;—1, however the coefficient on

the former remains statistically insignificant.

[TABLE 6 HERE]

The specification in Column 5 of Table 6 is the error correction specification from Column 1

of Table 5 (and Column 5 of Table 3), with Ak;; substituted with II(Z—Z in the specification and

2°In comparing Column 3 in Tables 5 and 6 it is important to note that given the paramaterization of the
simulation program firms can make large changes to their capital stocks in response to commensurately large
changes in demand conditions. Given small changes in the capital stock Ak; + ~ Kf‘til — ¢, and specifications in
Column 3 of Tables 5 and 6 should be quite similar. However, in the simulated data, for firms making large changes

to their capital stocks ;i’tt — ¢ and Ilgi’tt are poor approximations for Ak; ;. The 75th, 90th and 95th percentiles
of Ak;, are 0.03, 0.13 and 0.21 respectively. Taking the absolute value of the difference between Iléjtt —0.1(0

is set to 0.1 in the simulation program) and Ak;:, the 75th, 90th and 95th percentiles of that difference are
0.01, 0.02 and 0.04. The 75th, 90th and 95th percentiles of the percentage difference between Li,t é and

Kit
|7l —6— Ak |
Akt (K”‘Akitl) are 0.14, 0.26 and 0.47. This implies that for at 25% of the sample there is at least a
14% difference between ;{i_’tt — 0.1 and Ak;,¢. This difference is sufficient enough to result in significant changes

It
K+
and instrument set between Tables 5 and 6 in Column 3. In the current simulated data set the specification for
the variance of demand and productivity conditions has not been changed from Bloom, Bond and Van Reenen

(2007), and is contributing to the large values of Ak; ;.

to coefficient estimates and Sargan/Hansen test statistics when substituting for Ak, in the specification
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instrument set. As a result of this substitution, the point estimate of the coefficient on o; s * Ay; ;
decreases by more than half, and its standard error increases slightly, causing the coefficient
to become statistically insignificant. In the results presented in Chapter 1 for the empirical
data set, the same substitution in this investment specification decreased the magnitude of the

coefficient on o;; * Ay;, however the coefficient remained statistically significant.

Table 7 below contrasts error correction and average q specifications, with accelerator investment

specifications with their dependent variables specified as Ak;; and [I(iljtt respectively. Dropping

(kit—1—Yit—1) and Q; ¢ from the error correction and average q specifications in Table 7, causes
coefficients estimated on o;; * Ay;; to become statistically insignificant in both specifications.
The same effect of dropping these controls for investment dynamics was also observed with the
empirical data set. This suggests that controlling for investment dynamics with average q and

error correction terms is important for capturing effects of uncertainty on investment behaviour.

Column 1 of Table 7 below presents estimates of the error correction specification from Column
1 of Table 5, with Ak;; as the dependent variable. Dropping (kj¢—1 — yit—1) from the error
correction specification, but retaining it in the instrument set in Column 2 causes the coefficient
on o; ¢ * Ay; + to become statistically insignificant, and increases the magnitude of the coefficient
estimated on o;4—1. In Column 3, Dropping (k;; — v;¢) from the instrument set of Column 2,

causes very little change to coefficient estimates.

[TABLE 7 HERE]

Column 4 of Table 7 above presents estimates of the average q specification from Column 1
of Table 6 (and Column 6 of Table 4). Column 5 of Table 7 drops Q;; from the specification
in Column 4, but retains it in the instrument set; as a result the coefficient on o;; * Ay;; in
Column 5 becomes insignificant. Column 6 drops @;; from the instrument set in Column 5,
resulting in no significant change to coefficient estimates, except for the coefficient estimated

on 0;;—1 which increases by roughly two standard deviations.
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2.4.2 Simulated Data Set 2

Tables 8 and 9 below present estimates of the error correction and average q specifications ob-
tained from Simulated Data Set 2, in which real option values have been decreased by lowering
both non-convex adjustment costs and volatility of underlying demand/productivity indexes,
relative to Simulated Data Set 1. Both tables follow the same format as Tables 3 and 4, in
which o, * Ay;+ terms are added to estimates of the base specifications, then terms in Aoy,
and 0;;—1 are added to the base specifications, then both non-linear and linear uncertainty
terms are included in the investment specifications. Coefficients estimated on o;; * Ay; ; terms
are insignificant in estimates of both the error correction and average q specifications in Tables
8 and 9; providing no evidence of lower investment responses to demand at higher levels of
uncertainty. The only evidence of effects of uncertainty controlled for by terms in o;; is in a
marginally significant negative coefficient estimated on Aoc;; in the average q specification in
Column 3 of Table 9; all other coefficients on terms in o;; were insignificant across Tables 8 and
9. The insignificant coefficients estimated on o; ; * Ay; ; terms in Tables 8 and 9, shows that suf-
ficiently weak real option effects may go undetected by including such terms in error correction
and average q specifications. These results suggest that coefficients estimated on uncertainty
sales growth interaction terms in error correction or average q specifications will not have a
tendency to falsely report lower investment responses to demand at higher levels of uncertainty;
at least in data sets with similar data generating process to the simulation program, and in

which proxies for uncertainty accurately describe volatility in firm’s discounted present values.

[TABLE 8 HERE]

[TABLE 9 HERE]

Figure 6 below presents Lowess plots of average investment responses to average annual
changes in demand at different levels of uncertainty, across the firms in Simulated Data Set 2.

Based on the Lowess plots illustrated in Figure 6 below, there appears to be some heterogeneity
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in investment responses to demand at different levels of uncertainty that is not being detected by
coefficients on o; ¢ * Ay; ; terms in estimates of the average q and error correction specifications
obtained with Simulated Data Set 2. Comparing the Lowess plots generated with Simulated
Data Sets 1 and 2, presented in Figures 5 and 6 respectively, differences between the effects of
real options on investment responses to demand between these two data sets can appear quite
subtle. The key differences between the two sets of Lowess plots lies in the investment responses
corresponding to the 3 lowest levels of uncertainty (the Lowess Plots with the 3 highest slopes).
Decreasing volatility in demand/productivity conditions and non-convex adjustment costs be-
tween the two data sets causes considerably more investment in response to demand shocks at
higher levels of uncertainty. The latter effect is represented by the considerably shorter Lowess
plot in Figure 6 corresponding to the lowest level of uncertainty. Whereas in Figure 5, the
latter plot was much longer with a steeper slope, representing considerably more investment
activity at the lowest level of uncertainty, much of which is relegated to times of higher relative
uncertainty in Simulated Data Set 2. This difference can also be seen in the greater slopes of
Lowess Plots corresponding to the 2nd and 3rd lowest levels of uncertainty in Simulated Data

Set 1.

[FIGURE 6 HERE]

2.4.3 Simulated Data Set 3

The sets of tables presented throughout the remainder of this section present estimation results
of the error correction and average q specifications obtained with Simulated Data Sets 3 and
4, in which real option values are set at intermediate levels between those in Simulated Data
Sets 1 and 2. Although estimates of the error correction and average q specifications described
consistent investment uncertainty relationships in Simulated Data Sets 1 and 2, coefficients esti-
mated on uncertainty terms are significantly different between estimates of these specifications
obtained with Simulated Data Set 4. Results obtained with Simulated Data Sets 3 and 4 suggest
that it is possible for descriptions of investment-uncertainty relationships to be influenced by

the choice of underlying investment specification being estimated.
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Tables 10 and 11 below present results obtained from estimating the error correction and
average (q specifications with Simulated Data Set 3, in which the real option values have
been decreased relative to Simulated Data Set 1, by lowering the variance of underlying de-
mand /productivity conditions. As a result, the significance of coefficients estimated on uncer-
tainty terms is greatly reduced. The coefficients estimated on o;; * Ay;; are only marginally
significant in estimates of both specifications. Point estimates on these coefficients are quite
similar and, compared by their standard errors, are not significantly different between the
two specifications. Although real options have been reduced as a result of lower volatility in
demand /productivity conditions in the simulation, relative to Simulated Data Set 1, both spec-

ifications continue to describe consistent effects of uncertainty on investment behaviour.

Table 10 below presents estimates of the error correction specification, using Simulated Data
Set 3, in which demand/productivity volatility and real option values are lower relative to Sim-
ulated Data Set 1.2 Column 1 presents estimates of the ADL[2,2] specification between k;
and y; ¢, re-arranged to the form of an error correction specification. The coefficient estimated
on y;;—1 is insignificant in Column 1 and is dropped in the error correction specification in
Column 2. Column 3 adds the uncertainty interaction term o;; * Ay; ;, on which the estimated
coefficient is only significant at the 10% level. Column 4 drops the uncertainty sales growth
interaction term and adds the linear uncertainty terms Ao and 0;;—1, resulting in a rejection
of the hypothesis that the instrument set is valid, according to a Sargan/Hansen test statistic.
Column 5 adds ;4 * Ay;; to Column 4, however the validity of the instrument set is still re-
jected by the Sargan/Hansen test statistic. Thus the preferred error correction specification for

Simulated Data Set 2 is that presented in Column 3.

2IThe First Differenced GMM estimates in Table 10 use ¢t — 4 lagged instruments, as opposed to the ¢t — 3
lagged instrument set from Table 3. This is due to 3rd order serial correlation in the first differenced residuals
detected by the Arellano-Bond test statistics reported in the bottom of Table 10. In the appendix to this chapter,
Differenced Sargan/Hansen tests reject the hypothesis that ¢t — 3 lags of the instruments are valid relative to the
null Hypothesis that only moment conditions based on ¢ — 4 lags are valid.
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[TABLE 10 HERE]

Table 11 below reproduces the results in Table 4, using Simulated Data Set 3. Column
1 presents estimates of the average q specification from Column 3 of Table 4, in which coef-

it—1

ficients estimated on ﬁ and Ay, ;1 are individually insignificant but the hypothesis that
they are jointly insignificant is rejected by a Wald test based on a p-value of 0.001. Based
on the Arellano-Bond test for serial correlation in the differenced residuals in Column 1, Col-
umn 2 presents estimates of the specification in Column 1 using t — 2 lags, instead of t — 3
lags, of instruments for equations in first differences. However, in Column 2 the Arellano-Bond
test rejects the hypothesis of no 2nd order serial correlation in the differenced residuals of the
estimated average q investment specification. Column 3 uses t — 3 lagged instruments, as in
Column 1, and adds the uncertainty sales growth interaction term o; * Ay; ¢ to the average
q specification. Although the coefficient estimated on the term o;; * Ay;; is not significant,
it is within one standard deviation of the significant coefficient estimated on o;; * Ay;; in the
error correction specification in Table 10 and the average q specification in Table 4. Column 4
of Table 11 drops the o;; * Ay;; term from Column 3, and adds the linear uncertainty terms
Aoy and 0541, on which coefficients are individually insignificant, but the hypothesis that
they are jointly insignificant is rejected by a Wald test based on a p-value of 0.000. Column 5
adds the interaction term o;; * Ay;; to the specification in Column 4, however the coefficient
on this term remains statistically insignificant. As in Column 4 coefficients estimated on Ao ;

and o; ;1 were individually insignificant, but the hypothesis that they are jointly insignificant

is rejected by a Wald test based on a p-value of 0.0001.

[TABLE 11 HERE]

Column 6 of Table 11 uses longer lags of instruments, as in estimates of the error correction
specification in Table 10 above. Although Arellano Bond tests for serially correlated residuals
did not reject the hypothesis of no third order serial correlation in the residuals of Column 5,
this hypothesis is rejected for the results in Column 6. As a result of using the longer lagged
instruments in Column 6, the magnitude and standard error of the coefficient on o;; * Ay,

increase, causing the coefficient to become statistically significant. The coefficient estimated on
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the latter term in Column 6 is not significantly different (by standard errors) from coefficients in
Column of the same table, or from coefficients in Table 10. The negative coefficient on Ac;; also

becomes statistically significant as a result of using the longer lagged instruments in Column 6.

2.4.4 Simulated Data Set 4

Tables 12 and 13 below reproduce the estimation results in Tables 3 and 4 for the error correc-
tion and average q investment specifications, using Simulated Data Set 4, in which non-convex
capital adjustment costs and real option values are lower relative to Simulated Data Set 1. As
a result of decreasing the capital adjustment costs in this simulated data set, coefficients esti-
mated on uncertainty sales growth interaction terms become insignificant in the error correction
specification; however coefficients estimated on these terms in the average q specification remain
strongly significant and negative. Unlike in the previous sets of results obtained with Simulated
Data Sets 1,2 and 3, coefficients on ;¢ * Ay;; are of a significant order of magnitude higher in
the average q specification as compared to the error correction specification. Estimates of each

specification imply significantly different investment-uncertainty relationships in the data.

Table 12 below presents First Differenced GMM estimates?? of the error correction specifi-
cation using Simulated Data Set 4. Column 1 presents estimates of an ADL[2,2] model between
k;+ and y; ¢, re-arranged to the form of an error correction model, and Column 2 drops the y; ;—1
term from Column 1 resulting in an error correction specification. Arellano-Bond test statistics
reported at the bottom of Column 2 reject the hypothesis of no 4th order serial correlation in
the differenced residuals, in the presence of which it may be inappropriate to use t — 4 lags
of the dependent variable as instruments for equations in differences. Column 3 reproduces
the results of Column 2 with ¢ — 5 lags of the dependent variable as instruments for equations
in first differences, resulting in almost no change in the estimated coefficients from Column 2.
Column 4 adds the uncertainty interaction term o;; * Ay;; to the specification in Column 323
on which the coefficient is statistically insignificant. Column 5 drops the o;; * Ay, ; term and

adds linear uncertainty terms Ao;; and 051, on which only the coefficient on the latter was

22Based on Arellano-Bond test statistics for serially correlated differenced residuals, t—4 lags of the instruments
are used, as in the case of results presented in Table 10 above.

23The Arellano-Bond test statistic in this column does not reject the hypothesis of no 4th order serial correlation
in the differenced residuals, and ¢t — 4 lags of the dependent variable are used as instruments for equations in first
differences.
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significant and had a positive effect on investment in the error correction specification. Column
6 includes the non-linear uncertainty term o; ; * Ay; ; as well as the linear terms Ao;; and o ;—1;

coefficients in Column 6 are not significantly different from those in Columns 4 or 5.

[TABLE 12 HERE]

Table 13 below presents First Difference GMM estimates of the average q investment speci-
fication using Simulated Data Set 4, in which real option values are lower relative to Simulated
Data Set 1 due to lower non-convex capital adjustment costs. Column 1 presents estimates of
the average q specification excluding any uncertainty terms. Column 2 adds the uncertainty
interaction term oy ¢ * Ay, ¢, on which the coefficient is significant and negative. Column 3 uses
earlier t — 3 lagged instruments to estimate the same specification in Column 2 (which used
t — 4 lagged instruments), Arellano-Bond test statistics do not reject the hypothesis of no 3rd
order serial correlation in the differences residuals in Column 3. Column 4 drops the o; ¢+ * Ay;
term and adds the linear uncertainty terms Ao, and o;;—1, on which a significant coefficient
was only estimated on the latter. Column 5 includes both linear and non-linear uncertainty
terms from Columns 3 and 4, on which estimated coefficients are not significantly different
from the previous columns. Column 6 uses t — 4 lags of the instruments, as in estimates of the
error correction specification in Table 12 above, resulting in no significant change in coefficient

estimates relative to Column 5.

[TABLE 13 HERE]

Results presented throughout this section demonstrate that the significance of coefficients
estimated on uncertainty sales growth interaction terms is related to the strength of real options
in the simulated data sets. Beginning with Simulated Data Set 1, in which coefficients estimated
on o;; * Ay;; terms were significant in both investment specifications, decreasing real option
values to the level in Simulated Data Set 2 causes coefficients estimated on o; ; * Ay; ; to become

insignificant in both error correction and average Q specifications. Decreasing only the level
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of volatility in demand/productivity conditions in Simulated Data Set 3, relative to Simulated
Data set 1, had a uniform effect on coefficients estimated on o; ¢ * Ay; ; terms. Unlike the case of
Simulated Data Set 2, negative coefficients estimated on the latter terms remained marginally
significant in estimates of error correction and average q specifications obtained with Simulated

Data Set 3.

Unlike estimates obtained using Simulated Data Sets 1-3, estimates of error correction and
average q specifications did not provide consistent descriptions of real option effects in Simu-
lated Data Set 4. Discrepancies between coefficients estimated on o;; * Ay;; terms between
the two specifications estimated with Simulated Data Set 4 would appear to be the result of
lower non-convex capital adjustment costs. Estimates of error correction specifications using
Simulated Data Set 4 resulted in insignificant coefficients estimated on uncertainty sales growth
interaction terms. Whereas estimates of the average q investment specification yielded strongly
significant, negative coefficients estimated on o; s * Ay; ; terms; which were an order of magnitude
larger than coefficients estimated on corresponding terms in the error correction specification.
These results suggest that in Simulated Data Sets with low partial irreversibility in investment
and low fixed adjustment costs to changing the capital stock, estimates of average q specifica-

tions may provide a more reliable description of real option effects of uncertainty on investment.
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2.5 Measurement Error in Average Q

This section presents estimation results of the error correction and average q investment spec-
ifications obtained from Simulated Data Set 1, in which measurement error is introduced into
monthly firm value functions, affecting measures of average q and uncertainty proxies o;; in the
simulated data. The introduction of measurement error into firm value functions in the sim-
ulated data creates a measure analogous to noisy stock market valuations of firms which may
include information which is not related to a firm’s fundamental discounted expected value. As
a result of introducing measurement error into the value functions of firms in the simulated data,
coefficients estimated on uncertainty sales growth interaction terms become insignificant in the
average ( specification, but remain significant and negative in the error correction specification.
This result appears to hold across estimates of average q and error correction specifications
which use the original 0;; uncertainty proxy, and a noisy measure that results from measure-
ment error in firm value. This set of results raises concern over consistency between investment
uncertainty relationships described in estimates of error correction and average ¢ investment
specifications. Although it did not appear to be an issue in the empirical data set analyzed
in Chapter 1, the set of results presented here suggests that noisy measures of firm value and
average ¢ could lead to the failure of estimated average q investment specifications to capture

lower investment responses to demand at higher levels of uncertainty.

The noisy measure of firm value in the simulated data set is obtained by multiplying the true
firm value by a measurement error: VZ’% = Vit *(1+MA;;). The measurement error component
MA;; is a moving average of three independently and identically distributed noise components

that are normally distributed with mean 0.5 and variance 0.4%*: ma;; ~ N[0.5,0.4].

2
MAl‘,t = Zmam_j (29)
7=0

n

Using the noisy measure of firm value, it» to construct average g in the simulated data set

results in the noisy measure of average q @Q7,. Table 14 below presents estimates of average q

24The mean and variance of the normally distributed measurement errors were chosen as the minimum values
that resulted in insignificant coefficients estimated on o;+ * Ay;+ and a significant coefficient estimated on the
noisy measure of Q;¢, @7 in the average q investment specification.

138



specifications using both @}, and Qi as controls for average g, in Simulated Data Set 1. The
original uncertainty proxy o;; is used in Table 14 to illustrate the effect of noisy measures of
average ( on coefficients estimated on uncertainty interaction terms that could be constructed
using alternative uncertainty proxies which do not rely on noisy stock market measures of firm
value. As a result of using the noisy measure of average q, coefficients estimated on uncertainty
sales growth interaction terms become insignificant. The first two columns of Table 14 present
estimates of the average q specification using (); ¢, including both linear and non-linear uncer-
tainty terms in Column 1 and only the non-linear o;; * Ay;; term to control for uncertainty
in Column 2. The specifications in these Columns correspond to those in Columns 4 and 6
of Table 4. Estimates of the specifications in Columns 3 and 4 of Table 14 replace Q;; in the
average q specifications in Columns 1 and 2, with the noisy measure Q}';; as a result, coefficients

estimated on o0;; * Ay; ; become insignificant in both Columns 3 and 4.

[TABLE 14 HERE]

The MA[3] measurement error introduced into the firm value functions of the simulated data
implies that the monthly firm value functions used to construct the uncertainty proxy o;; (the
within year standard deviation of monthly returns to firm value functions), are also subject to
measurement error. Where o;; and o}'; are the uncertainty proxies constructed with true and

noisy measures of V;;, (where the additional subscript m indicates the month within year ¢)25.

0is = \/VAR[Amlog(Viy,, )]

o = VAR Aplog(Vig,, * (1+MAiy,))]

The measurement error M A; ;. above is the monthly value of the annual measure M A; ;.
The monthly frequency of M A;;,, implies that ma;; in Equation (2.9) is the sum of 12 monthly
independently and identically distributed random variables n;;,,, each with N[0.5/12,0.4/12]

distributions.

25In Prof. Nick Bloom’s MATLAB program monthly returns to firm value functions is calculated as ‘/V’tit"il -1,
however this is approximated by Amlog(V;.z,,) in order to simplify the construction of the noisy uncertainty proxy

n
Ot
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35
MAip, =Y nit, (2.10)
=0

The noisy measure of uncertainty in the simulated data oy can be simplified to the square

root of the sum of VAR [A,log(Viy,,)] and a constant, this is shown with the following algebra.

(074)? = VAR [Aplog(Vig,, * (1 4+ MAiy,))]

Due to the fact that the measurement errors are independent of V; ;. by construction, the above

expression can be re-written as,

(074)? = VAR [Anlog(Vie,,)] + VAR[Amlog(+(1 + MAjy,, )]

Through an application of the Delta Method, Equation (2.11), VAR:[Aplog((1 + MA;4,,))]
can be re-written in the form of Equation (2.12) below, where the random variables X and
Y are given by MA;;,  and MA;,; ., and f(X,Y) is given by Aplog(l + MA; ;) = log(1 +
MA;y,) —log(1+ MA, ).

VAR[f(X,Y)] = (fx(BIX], E[Y])*VAR[X] + 2fx (E[X], E[Y]) fy (E[X], E[Y])COV X, Y]

(2.11)
+(fy (E[X], E[Y]))’VAR[Y]
1 2
VARt[Aml0g<1 + MAi,tm)] = (1 n Et[MAi’tm]> VARt[MAi’tm] (212)

1 1
-2 COViIM Ay, ,MA;;,

1 2
]> VARM Ai,, ]

+
( L+ E[MAig,,_,

Equation (2.12) above can be simplified by the facts that E;[MA;;, | = E[MA;4, ] = 1.5,
VAR(MA;s,] = VAR([M Ay, ] = 1.2 and COV,[MA;y,,, MA;y, ] = 1.167%°, and re-

26T his is due to the fact that MA;;,, and MA;;, , have only two uncommon elements: n;¢,, and ni¢,, 6,
and thus COV,[M A; 4., MA;4,, ] =34xVAR[n;4,,] =1.167
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written as Equation (2.13) below.

1
2

2
]> (VAR{M Aiy,,] — COVi[M A;y,,, M A;,,_,]) = 0.01056 (2.13)

Thus o0]', can be re-written in terms of 0;; and a constant:
b

oy =/ (030)? + 0.01056 (2.14)

Table 15 below presents estimates of the average q and error correction specifications, using
the uncertainty proxy o7, constructed according to Equation (2.14), implied by the measure-
ment error in firm value functions which was introduced to @', in Table 14 above. Replacing
;¢ with o7, constructed with the noisy monthly firm value functions, results in no significant
change in coefficients estimated on uncertainty sales growth interaction terms in average q and
error correction specifications. Coefficients estimated on uncertainty sales growth interaction
terms o7, * Ay, ; are significant and negative in estimates of the average q specification using
Qi+ in Columns 1 and 2, and in estimates of the error correction specifications in Columns 5
and 6. However, coefficients on o7, * Ay;; become insignificant in Columns 3 and 4 when Q;

is replaced with @7, in estimates of the average q specification.

[TABLE 15 HERE]

These results suggest that in an empirical data set (with a similar data generating process
to Professor Bloom’s MATLAB program) measurement error in firms’ value functions, which
led to the construction of noisy measures of average q, could prevent estimates of average q
specifications from identifying lower investment responses to demand at higher levels of un-
certainty. Such noisy measures of average q could result in an empirical data set which used
stock market valuations of firms containing information unrelated to firms discounted expected
values. Comparing results in Tables 14 and 15 suggests that this issue is chiefly related to noise
in average ¢, and would not necessarily be resolved by using alternative uncertainty proxies not

based on noisy stock market valuations of firms.
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2.6 Conclusion

Results presented in Chapter 1 confirmed that estimates of error correction and average ¢ in-
vestment specifications described similar investment uncertainty relationships in an empirical
data set of UK firms. Specifically, coefficients estimated on interaction terms between sales
growth and uncertainty proxies in each specification implied similar negative effects of uncer-
tainty on investment responses to changes in demand. Coefficients on the latter terms being
considerably larger in magnitude in estimates of error correction specifications, the measure-
ment of investment rates in the error correction and average q specifications appeared to have
a significant effect on coefficients estimated on uncertainty sales growth interaction terms. The
inclusion of error correction or average q terms in investment specifications were also found to
have a significant effect on coefficients estimated on uncertainty sales growth interaction terms

using the empirical data.

Using simulated data, the current chapter continued the comparison of investment uncertainty
relationships described in estimates of error correction and average q specifications from Chap-
ter 1. The advantage of using the simulated data is that uncertainty, in the form of volatility
over demand/productivity conditions, is directly observable. The real option effects of uncer-
tainty on investment behavior are also observable in the simulated data through Lowess Plots
of investment responses to demand at varying levels of uncertainty. Although, error correction
and average ¢ investment specifications described consistent effects of uncertainty when esti-
mated with several simulated data sets, specific changes to the simulation program produced
data sets for which estimated error correction and average q specifications yielded inconsistent

coefficients on uncertainty sales growth interaction terms.

Similar to results presented in Chapter 1 for empirical data, error correction and average g
specifications were estimated with simulated data®’ in which negative coefficients on uncer-
tainty sales growth interaction terms were significant in both specifications. As in the results
of Chapter 1, the measurement of investment in estimates of hybrid (containing both average q

and error correction terms) investment specifications had a significant effect on the coefficients

2"Specifically, using Simulated Data Set 1.
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estimated on uncertainty sales growth interaction terms. In the simulated data measuring in-

vestment as Ak;; as opposed to Il(iljtt in hybrid and average q specifications, resulted in larger

and more significant coefficients on uncertainty sales growth interaction terms. Measuring in-

vestment as II(T,E in hybrid and error correction specifications resulted in insignificant coefficients
on uncertainty sales growth interaction terms. The inclusion of average q and error correction
terms in investment specifications also had a significant effect on coefficients estimated on un-
certainty sales growth interaction terms in the simulated data; this feature of the results was
also found with the empirical data in Chapter 1. The latter result suggests that controls for

investment dynamics are important for identifying effects of uncertainty on investment in esti-

mates of firm level investment specifications.

Estimates of the investment specifications were shown to describe consistent effects of uncer-
tainty at lower parameterizations of volatility in underlying demand/productivity conditions.
Decreasing both volatility in demand /productivity conditions and non-convex adjustment costs
illustrated that when real option values are low enough, neither estimates of error correction
nor average q specifications could detect effects of real options with significant coefficients on

uncertainty sales growth interaction terms in the simulated data.

Lowering only non-convex adjustment costs in the simulated data resulted in inconsistent in-
vestment uncertainty relationships described by estimates of the error correction and average q
specifications. Coefficients estimated on uncertainty sales growth interaction terms were only
significant in estimates of the latter specification. Conversely, introducing measurement error
into firm value functions, and measures of average ¢, can cause significant negative coefficients
on uncertainty interaction terms to become insignificant in estimates of the average q specifi-
cation. In the presence of such measurement error, estimates of error correction specifications
yielded a more reliable description of the investment uncertainty relationship in the simulated

data.

Estimation results presented in Chapters 1 and 2, with empirical and simulated data, both

imply that the measurement of dependent variables, as well as the inclusion of controls for in-

144



vestment dynamics have a significant effect on coefficients estimated on uncertainty sales growth
interaction terms in estimates of average q and error correction specifications. Estimation results
obtained with the simulated data demonstrated several instances in which estimates of error
correction and average q specifications yielded significantly different coefficients on uncertainty
terms, implying different relationships between investment and uncertainty. These findings sug-
gest that future investigations into the effects of uncertainty on firm level investment should
pay careful attention to the choice of underlying investment specification; and ideally confirm

the robustness of results across alternative investment specifications.
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2.7 Program Appendix

2.7.1 Revenue Function

To generate the simulated data analyzed in this chapter, each firm in the MATLAB code was
made up of 250 production units, each facing unique series’ of shocks to the demand /productivity
indexes in their revenue functions. 2® The production technologies of each unit are identical
across the simulation program and are described for the production unit j of firm ¢ in a given
monthly period m of year t2° by a Cobb Douglas Production function with labor L; t,, and

two types of capital Ky ; ;;,, where k = 1,2, with the production share of capital types given

by 5.

_ 1-28 18 B
Qijitm = AijitmLi it K1 500 Kot (2.15)

Qi = Aigin Li 1 KL

iitm K, where  Kijp, = Ki; e, Kot

The equations of motion are the same for each capital type kK = 1,2, and are defined as
follows where I, ; ;. is investment by unit j of firm 7 in year ¢ month m in capital type k, and
¢ is a depreciation rate.

Kkvi’j’tm = (1 - 6)Kk’lvj7tm71 + Ik7i7j7tm

Each production unit faces its own iso-elastic demand curve, which contains a stochastic

component Xj ;.

Qijtm = Xijitm i jt,, (2.16)

It is assumed that labour can be costlessly adjusted, which allows the short term revenue
function (net of variable costs) of each production unit to be written in terms of capital and
demand conditions after labor is optimized out. Below, L7, = is the amount of labour that

maximizes equation (2.17). Substituting L}, ~into (2.17) yields equation (2.19).

28The number of production units was left unchanged from that chosen in Bloom, Bond and Van Reenen
(2007).

2Where each year has 12 monthly periods denoted by subscript m on the year ¢ (tm), and month 12 of year
t—1 ((t —1)12) precedes month 1 of year ¢ (¢1)
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Rijt,, = XS Qi wLijt,, (2.17)

4,35tm ¥ ,0,tm

Rijt = mazy (X5 Aj L 2OV K Ko 0,) 07D —wige,)  (218)

Lhtm 40 tm T4 tm

* € — e 3
Ligtm = [w#] ’YEXWAl(',Ij,tn)LW(Kl,i,j,thZi,j,tm)1/2(1 v
where « is defined as m
Rijt, = [wlﬂe%flﬂe(% —1)7] XZj,tmAz(',lj;‘:'y(KLi,j,thZi,j,tm)1/2(177) (2.19)

This revenue function is simplified by combining demand and productivity conditions into one
index

Ziji = [0 ye 77 (ye = 1)°] Xz‘,j,th(l_E)

i’j’tm

It is then normalized to be homogeneous to the first degree in Ki; ., K24t and ;. =

0
Z!2* where a = 1/2(1 — 7).

Zvjvtm ’

y . y — g7 y ) 1/2(1=y)
R(Zlyjztm’ K177'7.77tm’ K2’17]7tm) - Z’L,],tm (Kl’l7]7th2’l7]7tm) (

R(Sij s Kijitm Koigitn) = 500 (K1 gt Koigitn)® (2.20)

2.7.2 Uncertainty/Volatility in Underlying Demand/Productivity

The demand/productivity index ¥; ;. faced by each production unit is comprised of a firm

) and a plant level (X7

F .
2,7,tm

,J5tm

«2F. . This

Y., WP
) component: X; ;¢ =3 it

level component (X it
allows for individual production units to be exposed to idiosyncratic productivity shocks that
don’t affect other production units; whereas the firm specific shocks jointly affect all the produc-

tion units, linking their investment behaviour through common demand shocks and firm level

F

., evolve over time
2:Jtm

uncertainty. Both plant level productivity Ef it and the firm demand X

as augmented geometric random walks with a common mean drift u and stochastic variance
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Tijtm

S =S (A+u+toigVih,) Vi, ~N[O1] (2.21)
Efj,tm = ij,tm_l (1 +p+ 0444, Vi?,tm) Vi?,tm ~ NI0,1] (2.22)

The variance of these productivity and demand conditions varies over time, converging to
the long run mean o* at a rate of p,, according to the process described by equation (2.23)
below. The variance of the shocks to ; j4,, is o2

o

Oijitm = Oijitm-1 T Po(0" = Oijtm—1) + 0cWijt, Wi, ~ N[0,1] (2.23)

In the simulation program o; ;.. is varied by a symmetric monthly transition matrix across
5 values 0.1, 0.2, 0.3, 0.4, and 0.5, with 0.3 set as the long run mean for the process®. As
noted in Bloom, Bond Van Reenen (2007), this process results in a cluster around these val-
ues, of the average annual underlying demand volatility outputted in the panel data set var; ;.
The Lowess plots in Figures 1 through 4 use the clustering around these values of var;; to
describe the investment responses to demand at the 5 different levels of underlying uncertainty.
In Figure 3, these 5 values are uniformly decreased to lower the variance of the underlying de-
mand /productivity conditions, and consequently the real option values faced by the individual

production units.

2.7.3 Adjustment Costs

Each production unit of a firm faces a combination of three types of adjustment costs for each
type of capital: fixed, partial irreversibility and quadratic. The MATLAB program is set up to
allow the adjustment costs to differ for each type of capital, however, for the purposes of the
analysis in this chapter the two capital types are treated symmetrically. It is by changing the

adjustment costs parameters c; and ¢, below, that real option values faced by production units

30These are the values used to produce the simulated data sets in Bloom, Bond and Van Reenen (2007)

148



are varied across simulated data sets.

Fixed adjustment costs are imposed as a fixed proportion of revenue, whenever a production

unit alters the stock of a type of capital.

2
Crijim = Y5 % RSt Kt Kot ) ki gt ) (+)
k=1
where I[x](4) is an indicator function that takes the value of 1 when x # 0 and 0 when x = 0.
Partial adjustment costs are imposed in the same way as in Abel and Eberly (1996) in the

form of a wedge between the purchase and resale price of capital; ie when selling capital that

was purchased at price pg, production units only receive (1 — ¢,) * py, for each unit of capital.

2
Coiitm = O Trigtm (1= ) % ppI [T ji ) (o)
k=1

Where the subscript k£ denotes capital type 1 or 2, and [ [x](,) is an indicator function that

takes the value of 1 when z < 0 and 0 when z > 0.

Quadratic adjustment costs make higher rates of adjustment to the capital stock more costly.
This is meant to reflect disproportionately higher costs to large overhauls/changes to the capital

stock, compared to minor additions and maintenance/replacement.

Iniit, 2
s805tm —

2.7.4 Solving the Investment Problems

The optimization problem of each production unit (j) of each firm (i) can be written in the form
of the Bellman equation shown below (Equation (2.24)), in which § and r, the depreciation
and discount rate are both set to 0.1 annually. I ; ¢, is investment in period ¢,, in capital
type k =1,2. Kj; j+,, is the stock of type k = 1,2 capital of production unit (j) in firm (i) in

period t,,,, and E].] is the expectations operator.
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V(Sigitm Kiigitm—15 K2 jtm—1:Cigitm) = mar, ;o 1.0 (R(Sigit, (1= 6)K1ijt,-1

(2.24)

1ty (L= 0) Ko jt—1 4 12, 5tm) — C(Zijitm L1igitms 12,05t s K1 i jitm—1> 52,05t —1)

1
1+r

+ E [V (Sijtmers Kiigitm K2igitm: Oigitmes)] )

where C(I1 ity 12, jtms K1ijitms 52,05t ) 1S the sum of adjustment costs over both types

of capital.

In order to simplify the solution process to this optimization problem, the joint homogene-
ity of the revenue function, adjustment cost functions, depreciation schedules and expectations
operators in (2 +,., K1,ijtm—1 and Ko j¢,. —1) can be used to re-parameterize equation (2.24)

in terms of 3 state variables instead of 4.

(K1igtm-1R(Z7 4, (1= 0)

* *
Kiijtm—1V(E L K3 tm—1>Tijty) = Mazys it

o .
4,J5tm? gt 12,i5,tm

(2.25)

* * * * * * *
H1 s L= 0)K5 iy 1+ 155500 ) = K1t —1C (57 s Tt Di gt L KD j40—1)

K,
,050,tm * * o
+ E V( i7j7tm+1 ’ 1, Kzzivjvtm7 0.7’7-7’tm+1:| )

147
Where K* . . _ Koigitm—1 oy B x  _ Tiigitm x o _ _Dijim
2,i,9,tm—1 Kiijtm—1" T4Jtm Kiijtm—1" " LitJ;t Kiijtm—1" " 200tm K1 tm—1

After normalizing by type 1 capital the new Bellman equation is given by
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(R}t A=)+ 07 5g, (A=0) K5 51 1155 54,,)
(2.26)

* * _
V( 4, Jtm 1’ K2,i,j,tm—17 O-i’j’tm) o maxlii,j,tm’lg,iyjytm
* * * * * *
(1 - 5)K2,i,j,tm71 + I2,i,j,tm) - C( 4,7y tm? Il,i,j,tm7 I2,i,j,tm7 1? K2,i,j,tm71)

(1—5)+Ii"7i
1+7r

7‘7t
Jrtm E V(E* 17 K;,’i,j,tm7 O’i7j7tm+1)i| )

l7j7tm+1 ’

The program sets up this optimization problem in MATLAB on a state space of (100,100,5)
for (37, . K5, 1,,—1>Tijtn) and an optimal control space of (100,100) for (I7,;, .15, )
. Then it runs successive iterations of contraction mapping on the value function to solve the
Bellman equation. A single iteration begins with an initial guess for the value function, then
expectations of the next period’s value function are generated based on the current guess. The
program then solves for the optimal investment levels for the revenue function and the current
guess of next period’s value function. The optimal investment levels are substituted back into
the revenue function and the current iteration’s guess of the value function, in order to form
a guess of the value function for the next iteration of contraction mapping. The iterations

continue until a convergence criteria for the value function is reached, producing the optimal

investment rates at each point in the state space.

For further details please refer to Professor Nick Bloom’s website:

http : | Jwww.stan ford.edu/ nbloom/index riles/Page298.htm

2.7.5 Varying the Real Option Values

The simulated data used throughout this chapter is generated directly from the version of the
MATLAB program that is available for download on Professor Nick Bloom’s website, listed
above. The core of the program is completely unchanged from that which produced the sim-
ulated data in Bloom, Bond and Van Reenen (2007). The only changes that are made to
the program are to some adjustment cost and volatility parameters that impact the real op-
tion values faced by the individual production units in the simulation. Parameters governing

non-convex adjustment costs ¢, and ¢y are adjusted to change the magnitude of partial and

151



fixed adjustment costs faced by production units®'; and the 5 values taken on by Oijtm are
reduced from the values in Bloom, Bond and Van Reenen (2007), to decrease the volatility
of underlying demand/productivity conditions and the real option values faced by production
units. Relative to the parameterization of the program available on Professor Bloom’s Website
(the same used to generate simulated data in Bloom, Bond and (2007)) the latter parameters

are varied accordingly in the simulated data sets used to generate figures and estimation results:

Figures:

1. In Figure 1, ¢f and ¢, are increased to 0.075 and 0.75 respectively, to create more valuable

real option values faced by production units

2. In Figure 2, ¢y and ¢, are decreased to 0.025 and 0.25 respectively to create less valuable
real options relative to the above parameterization and the default parameterization from

Bloom, Bond and Van Reenen (2007).

3. In Figure 3, ¢y and ¢, are set to 0.075 and 0.75 respectively, and 5 values taken on by o; ;,,
are decreased from [0.1, 0.2, 0.3,0.4,0.5] with long run mean 0.3, to [0.02,0.04,0.06,0.08,0.1]

with long run mean 0.06.
Results:

1. Simulated Data Set 1, with the highest real option values, sets ¢y and ¢, to 0.02 and 0.2
respectively, and leaves the values of o; ;. as the Bloom, Bond and VanReenen (2007)

default ([0.1, 0.2, 0.3,0.4,0.5]).

2. In Simulated Data Set 2, real option values are at their lowest, with c¢; and ¢, set to
0.015 and 0.15 respectively, and values of o; j;, taking on values of [0.075, 0.15, 0.225,
0.3, 0.375].

3. In Simulated Data Set 3, the real option values are lowered relative to Simulated Data
Set 1 by decreasing the values of o; j;, to [0.075, 0.15, 0.225, 0.3, 0.375] from [0.1, 0.2,
0.3,0.4,0.5]

31The weighting of the quadratic adjustment costs ¢, was also changed from a value of 0.3 in Bloom, Bond Van
Reenen (2007), to 0.2 across all the simulated data sets, because the Bloom, Bond Van Reenen (2007) default
parameterization produced unrealistically high values of average q, several magnitudes beyond values observed
in the empirical data set of Chapter 1
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4. The real option values are also lowered by decreasing c; and ¢, to 0.015 and 0.15 respec-
tively in Simulated Data Set 4, but leaving the values of o; ;. as the Bloom, Bond and

VanReenen (2007) default ([0.1, 0.2, 0.3,0.4,0.5]).
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2.8 Instrument Appendix

Table Al below asses the validity of earlier instruments in First Differenced GMM estimates of
the error correction specification from Column 3 of Table 10 based on instruments lagged t — 4.
Differenced Sargan/Hansen tests are used to evaluate the null hypothesis that additional ¢ — 3
lags of each instrument are valid relative to the alternative hypothesis that only the t — 4 lagged
instruments are valid in estimates of the specification in Column 3 of Table 10. The results
show that the data does not support the use of ¢t — 3 lagged instruments, in First Differenced
GMM estimates of the error correction specification. Column 1 of Table Al below reproduces
the First Differenced GMM estimates of the specification from Column 3 of Table 10 based on
instruments lagged ¢t — 4. Column 2 presents estimates of the same specification obtained by
adding k; ;3 to the instrument set in Column 1 of Table Al. At the bottom of Column 2 the
value of 1 minus the p-value is reported for a Differenced Sargan/Hansen test evaluating the
null hypothesis that k; ;3 is a valid instrument against the alternative hypothesis that only the
subset of instruments from Column 1 are valid in the First Differenced Estimates of the invest-
ment specification; the null hypothesis is rejected. Columns 3 through 5 repeat the exercise in
Column 2, individually adding v; 3, (kit—3 — yit—3) and 0;4—3 * Ay, ¢+—3 to the instrument set
in Column 1. At the bottom of each column the value of 1 minus the p-value is reported for
Differenced Sargan/Hansen tests evaluating the null hypotheses that the additional instruments
are valid against the null hypothesis that only the subset of instruments from Column 1 are
valid in the First Differenced GMM estimates of the error correction investment specification.

In Columns 3 through 5 each null hypothesis is rejected by the Differenced Sargan/Hansen tests.

[TABLE A1 HERE]
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2.9 Figures and Tables

FIGURE 1
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FIGURE 3
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TABLE 1
Autoregressive Models
(1) (2) 3) (4) (5)
ki Akiy Yit Ay; ¢ (kit — Yi)
ki1 1.003
(.0003)***
Ak; 11 .689 .695
(.004)*** (.003)***
Ak; o -.033
(.005)***
Ak; -3 .034
Ak; 4
Yit—1 1.004
(.0003)***
Ayii—1 730 688
(.004)*** (.003)***
Ayii—o -.131
(.005)***
Ayit—3 .091
(.005)***
Ayit-a -.019
(.004)***
(Kit—1 — Yig—1) 697
(003)***
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TABLE 2
Autoregressive Models

(11) (2) (3)

Kli’tt Oit Qi
Ti i1
Koy .698

(‘003)***
O4t—1 .750
(.002)***
Qi1 788
(.004)***
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TABLE 3
Error Correction Investment Specification (Simulated Data Set 1)

(1) (2) (3) (4) (5)
Akiy Akiy Akiy Akiy Akiy
Yijt—1 022
(.027)
Aki—1 -.271 -.324 -.278 -.350 -.290
(.106)** (.084) % (.066)*** (.0TT)** (.062)***
Ay i1 128 151 125 .160 126
(.049)*** (.040)*** (.030)*** (.038)*** (.028)***
Ot * Ayi,t -.425 -.399
(172)** (.155)***
Ayi 1.015 .989 1.103 1.011 1.115
(.071)*** (.064)*** (.079)*** (057)*** (074)***
(kit—1—Yit—1) -.781 -.695 -.633 -.655 -.589
(.129)*** (.074)*** (.056)*** (.070)*** (.055)***
Aoy .003 .015
(.066) (.058)
Oit—1 .086 .078
(.031)*** (.027) %+
Sargan/Hansen 721 752 814 .347 374
DoF 29 30 40 40 50
AR1 -1.854 -1.988 -3.367 -2.326 -3.881
AR2 -2.514 -2.573 -2.598 -2.77 -2.664
AR3 -.419 -.5h3 128 -.626 .076
AR4 .097 -.221 -.405 -.295 =477
Instruments For Equations In First Differences
Akt t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
AT t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
(kit—vit) t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
ot * Ay t-3:t-3 t-3:t-3
Oit t-3:t-3 t-3:t-3

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in
each column.
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TABLE 4

Average Q Investment Specification (Simulated Data Set 1)

(1) (2) (3) (4) (5) (6)
I+ I ¢ I ¢ I+ I+ I+
Kt Kt Kt Kt Kt Kt
B -.246 -.405 -.420 -.395
’ (.154) (.087)*** (.125)*** (.080)***
Ayt .051 .149 .149 138
(.089) (.049)*** (.074)** (.044)***
ot * Ayiy -.751 -.544
(.302)** (.269)**
Ayt 918 1.021 1.142 .998 1.130
(.027)*** (.082)*** (.087)*** (.074)*** (.081)***
Qi .081 .007 .013 .020 .015 .015
(.002)*** (.002)*** (.005)*** (.003)*** (.004)*** (.003)***
Aoy .024 .055
(.101) (.083)
Oit—1 .263 .252
(.059)*** (.047)***
Sargan/Hansen .336 222 .224 .149 317 .226
DoF 10 29 30 40 40 50
ARI1 -32.951 -31.984 -4.24 -6.227 -4.29 -6.626
AR2 -13.674 6.305 -.07 -1.441 -1.014 -1.502
AR3 -2.998 2.76 711 -.058 978 1.036
AR4 -.739 419 -.565 -.167 -.459 -.121
Instruments For Equations In First Differences
o t-dit-4 t-dit-4 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Ay t-4:t-4 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Qi t-4:t-4 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
ot * Ay t-3:t-3 t-3:t-3
Oit t-3:t-3 t-3:t-3
Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in

each column.
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Ak; ¢ Hybrid Investment Specification (Simulated Data Set 1)

TABLE 5

0 ) ) @ &)
Ak y AV Ak Ak;y Ak
Aki—1 -.290 -.286 -.313 -.316 -.533
(.062)*** (.063)*** (.061)*** (.105)*** (111)**>
Ayit—1 126 126 128 .035 185
(.028)*** (.027)*** (.027) % (.044) (.055)***
ot * Ayt -.399 -.371 -.465 -.469 -.928
(.155)*** (.169)** (.167)** (:284)* (.318)***
AV 1.115 1.110 1.118 1.440 1.461
(.074)*** (.074)*** (.066)*** (.106)*** (.107)***
(Kit—1 — Yit—1) -.589 -.604 -.514
(.055)*** (-085)*** (.048)***
Qi -.001 .007 .008 .016
(.005) (.002)*** (.003)*** (.003)***
Aoy .015 .022 -.076 -.124 -.065
(.058) (.063) (.051) (.090) (.093)
Oit—1 .078 .088 011 .062 .101
(.027)*** (.044)** (.029) (.050) (.051)**
Sargan/Hansen 374 .253 251 .068 .302
DoF 50 49 60 61 49
AR1 -3.881 -3.536 -5.115 -26.712 -9.697
AR2 -2.664 -2.649 -2.38 .848 -1.623
AR3 .076 .095 377 1.243 -.212
AR4 =477 -.361 -1.137 -1.85 -1.253
Instruments For Equations In First Differences
Ak t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Ayt t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
(kit — vit) t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Qi t-3:t-3 t-3:t-3 t-3:t-3
oit * Ayiy t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
it t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
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TABLE 6

]Ié_’tt Hybrid Investment Specification (Simulated Data Set 1)
(1) (2) (3) (4) (5)
I ¢ It Lt Lt Ly
Kt Kt Kt Kit Kt
L -.395 -127 -.126 -117 -.152
’ (.080)*** (.075)* (.049)** (.042)** (.057)**
Ayit—1 138 .036 .038 .035 .050
(.044)** (.037) (.021)* (.018)* (.025)**
Tit* Ayiy -.544 -.061 -.047 -.017 -.136
(.269)** (.219) (.180) (.160) (.182)
AV 1.130 .909 .898 .892 .932
(.081)*** (.072)** (.063)*** (.059)*** (.074)**
(Kit—1 — Yit—1) -.522 -.547 -.558 -.522
(.086)*** (.053)** (.051)** (.057)***
Qi 015 .001 .0008
(.003)*** (.003) (.002)
Aoy .055 -.016 -.002 .002 .045
(.083) (.063) (.055) (.052) (.062)
Oit—1 .252 .079 .081 .080 145
(.047)%** (.043)* (.031)** (.032)** (.031)***
Sargan/Hansen .226 .093 .088 .04 .38
DoF 50 49 60 61 49
AR1 -6.626 -5.088 -5.177 -5.24 -4.37
AR2 -1.502 -1.041 -1.524 -1.512 -1.58
AR3 1.036 -.475 -.702 -.714 -.668
AR4 -.121 -.008 176 .216 .526
Instruments For Equations In First Differences
o £-3:t-3 £-3:t-3 £-3:t-3 t-3:t-3 t-3:t-3
Ayt t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
(kit—yit) t-3:t-3 t-3:t-3 t-3:t-3
Qi t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
ot * Ayiy t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Oit t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
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TABLE 7

Accelerator Investment Specification (Simulated Data Set 1)

(1) (2) (3) (4) (15) 86)
Akiy Akiy Ak R R R
Akii—1 -.290 -.170 -.270
(.062)*** (.122) (.142)*
Fiut=l -.395 _172 -.356
i,t—1
(.080)*** (.073)** (.108)***
Ayit—1 .126 -.035 .023 .138 -.017 .088
(.028)*** (.048) (.071) (.044)*** (.033) (.060)
Tit* Ayiy -.399 -.057 -.197 -.544 .136 -.188
(.155)*** (.308) (.369) (.269)** (.263) (.306)
Ayt 1.115 1.349 1.407 1.130 1.142 1.241
(.074)*** (.142)%** (.153)*** (.081)*** (.098)*** (.108)***
(k-1 — Yit—1) -.589
(.055)***
Qi .015
(.003)***
Aoy .015 -.036 -.020 .055 108 139
(.058) (.109) (.133) (.083) (.101) (.119)
Oit—1 .078 122 151 252 .268 376
(.027)%** (.050)** (.072)* (.047)%** (.057)** (.073)**
Sargan/Hansen 374 436 A57 226 179 293
DoF 50 51 39 50 51 40
ARI1 -3.881 -24.689 -9.814 -6.626 -13.516 -7.967
AR2 -2.664 2.128 .067 -1.502 .24 -1.876
AR3 .076 2.384 1.545 1.036 2.055 .988
AR4 =477 -1.548 -1.41 -.121 =767 -.59
Instruments For Equations In First Differences
Ak t-3:t-3 t-3:t-3 t-3:t-3
o £-3:t-3 £-3:t-3 t-3:t-3
Ayi t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
(kit — vit) t-3:t-3 t-3:t-3
Qi t-3:t-3 t-3:t-3
ot ¥ Ay t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Oit t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
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Error Correction Investment Specification (Simulated Data Set 2)

TABLE 8

(1) (2) (3) (4) (5)
Akiy Akiy Akiy Ak Ak
Yii1 047
(.041)
Ak; 1 -.006 .043 .016 .021 -.002
(.061) (.050) (.047) (.051) (.046)
Ayit—1 .012 -.021 -.005 -.013 -.002
(.038) (.026) (.024) (.027) (.024)
;¢ * Ayi,t .240 -.147
(.390) (.357)
Ayt 983 .876 .846 915 .939
(.105)*** (.062)*** (.078)*** (.059)*** (.076)***
(ki,t—l - yi7t) -.751 -.011 -.547 -.486 -.503
(.229)*** (.070)*** (.064)*** (.074)*** (.065)***
Aoy -.166 -.121
(.124) (.100)
Oit—1 .012 .039
(.063) (.054)
Sargan/Hansen 421 572 725 612 .63
DoF 28 29 39 39 49
AR1 -2.058 -5.574 -5.93 -5.154 -5.837
AR2 -.291 1.052 674 1.269 1.118
AR3 1.587 1.914 2.044 1.96 1.936
AR4 -.187 -3 -.335 -.693 -.658
Instruments For Equations In First Differences
Ak t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4
Ay t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
(kit —yit) t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
oit * Ayiy t-3:t-3 t-3:t-3
Oit t-3:t-3 t-3:t-3
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TABLE 9
Average Q Investment Specification (Simulated Data Set 2)

(1) (2) (3) 4)
I; ¢ It I ¢ I ¢
Kt Kt Ki Kt
T 026 -.235 -.231 -.254
’ (.161) (.110)** (.125)* (.092)***
AV -.095 .045 .048 .055
(.081) (.053) (.060) (.043)
Tit* Ayiy -.252 -.721
(.512) (.459)
Ay .966 .875 .880 977
(.100)*** (.089)*** (.081)*** (.091)***
Qi 035 095 .088 .088
(.035) (.023)*** (.026)*** (.019)***
Aoy -.268 -.175
(.153)* (.131)
Oit—1 .040 .083
(.084) (.074)
Sargan/Hansen .566 AT78 .316 442
DoF 30 40 40 50
AR1 -5.198 -6.656 -7.206 -8.494
AR2 2.37 1.436 1.759 1.997
AR3 1.018 .596 .907 .75
AR4 -.574 222 -.298 .042
Instruments For Equations In First Differences
o t-3:t-3 £-3:t-3 £-3:t-3 t-3:t-3
AV t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Qi t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
oit* Ayt t-3:t-3 t-3:t-3
it t-3:t-3 t-3:t-3
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TABLE 10
Error Correction Investment Specification (Simulated Data Set 3)

(1) (2) (3) (4) (5)
Akiy Akiy Akiy Ak Ak
Yijt—1 024
(.018)
Ak; 1 -.362 -.458 -.335 -.284 -.244
(171)* (.161)*** (.112)%* (.153)* (.112)**
Ayii1 206 286 210 200 173
(112)* (.100)*** (.073)*** (.093)** (.072)**
Tip* Ay -.733 -.419
(.424)* (.400)
Ayt 1.080 1.071 1.142 .985 1.033
(077)*** (.076)*** (.093)*** (.071)*** (.081)***
(ki,t—l - ym_l) -.709 -.537 -.446 -.442 -.405
(174)* (.101)*** (.091)*** (.098)*** (.081)***
Aoy -.241 -.114
(.132)* (.111)
Tit—1 129 .146
(.088) (.072)**
Sargan/Hansen 135 136 462 .009 .006
DoF 26 27 36 36 45
ARI1 -1.3 -1.592 -2.287 -2.715 -3.001
AR2 -1.664 -2.07 -1.587 -.814 -1.028
AR3 .676 2.69 2.845 2.869 2.928
AR4 -1.118 -.075 -.43 -1.631 -1.412
Instruments For Equations In First Differences
Ak t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4
Ay t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4
(kit —yit) t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4
Ot * Ayi,t t-4:t-4 t-4:t-4
Oit t-4:t-4 t-4:t-4
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TABLE 11
Average Q Investment Investment Specification (Simulated Data Set 3)

(1) (2) (3) (4) (5) (6)
I ¢ I ¢ I ¢ I ¢ I ¢ I ¢
kit kit kit kit ki ¢ kit
% -.143 -.091 -.222 -.195 -.191 -.434
’ (.156) (.113) (.098)** (.127) (.095)** (157)***
Ayii—1 -.011 .002 .030 017 .014 251
(.074) (.021) (.042) (.056) (.040) (.095)***
oit* Ay -.507 -.599 -.988
(.414) (.402) (.541)*
Ayi .865 433 905 934 1.013 .999
(.087)*** (.066)*** (.080)*** (.082)*** (.087)*** (.113)***
Qi .060 121 .074 .052 .051 .069
(.026)** (.010)*** (.015)*** (.022)** (.017)*** (.016)***
Aoy -.257 -.145 -.343
(.166) (.135) (:134)**
O4t—1 .078 119 .043
(.104) (.086) (.119)
Sargan/Hansen .378 .329 .347 .662 447 .59
DoF 30 32 40 40 50 45
AR1 -5.041 -13.678 -8.578 -6.926 -8.566 -6.328
AR2 1.446 3.81 1.809 2.186 2.594 -.584
AR3 1.118 -1.143 .846 1.261 1.139 1.964
ARA4 -1.025 -.805 -.586 -1.624 -1.336 .049
Instruments For Equations In First Differences
it £-3:-3 £-2:¢-2 £-3:t-3 £-3:-3 £-3:t-3 t-d:t-4
Ay t-3:t-3 t-2:t-2 t-3:t-3 t-3:t-3 t-3:t-3 t-4:t-4
Qi t-3:t-3 t-2:t-2 t-3:t-3 t-3:t-3 t-3:t-3 t-4:t-4
oit * Ayiy t-3:t-3 t-3:t-3 t-4:t-4
it t-3:t-3 t-3:t-3 t-4:t-4
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TABLE 12
Error Correction Investment Specification (Simulated Data Set 4)

(1) (2) (3) (4) (5) (6)
Ak Ak Ak Ak Akt Ak
Yis1 043
(.029)
Ak; 1 -.354 -.436 -.414 -.335 -.447 -.333
(119)** (.107)** (.105)*** (.090)*** (.087)*** (.077)**>
Ayi—1 .254 316 312 .254 .305 237
(.076)*** (.063)*** (.063)*** (.055)*** (.055)*** (.051)***
it * Ayig -.081 117
(.212) (.197)
Ayt 1.152 1.096 1.071 1.072 1.093 1.072
(.074)*** (.070)*** (.084)*** (.095)*** (.054)*** (.073)***
(kit—1 — Yit—1) -.986 -.656 -.699 -.570 -.659 -.578
(.241)** (.109)*** (.116)*** (.094)*** (.097)*** (.091)***
Aoy -.080 -.011
(.074) (.063)
Oit—1 113 .106
(.040)*** (.037)***
Sargan/Hansen 45 281 381 115 488 134
DoF 26 27 26 36 36 45
AR1 -.924 -2.041 -1.618 -2.753 -2.674 -2.813
AR2 -3.957 -3.495 -3.305 -2.886 -3.579 -2.839
AR3 1.932 4.794 4.963 4.847 3.992 4.108
AR4 1.337 1.75 1.289 .b86 1.121 21
Instruments For Equations In First Differences
Ak t-4:t-4 t-4:t-4 t-5:t-5 t-4:t-4 t-4:t-4 t-4:t-4
Ay t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4
(kit —yit) t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4
Ot * Ayi,t t-4:t-4 t-4:t-4
Oit t-4:t-4 t-4:t-4
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TABLE 13

Average Q Investment Specification (Simulated Data Set 4)

(1) (2) (3) (4) (5) (6)
Tt Tt Ti e Tt Ti e Tit
Kit Kt Kit Kt Kit Kit
g -.632 -.369 -.436 -.315 -.448 -.428
’ (172)*** (.144)* (.109)*** (.161)** (.094)*** (.123)%*
Ayii—1 .486 279 .140 .080 152 323
(.127)** (.109)** (.063)** (.099) (.054)*** (.096)***
oit * Ayiy -.870 -.850 -.766 -.699
(.204)*** (.317)%* (.288)*** (.275)**
Ayi 1.121 1.299 1.353 1.101 1.299 1.249
(.079)*** (.114)*** (.103)*** (.080)*** (.094)*** (.099)***
Qi .014 .010 027 .016 .022 .007
(.004)*** (.004)** (.006)*** (.008)** (.005)*** (.003)**
Aoy .041 .014 -.040
(.120) (.093) (.083)
O5t—1 275 287 .156
(.087)*** (.056)*** (.072)**
Sargan/Hansen 755 .366 351 .636 .346 533
DoF 27 36 40 40 50 45
e(arl) -2.419 -3.742 -6.936 -3.938 -7.032 -3.688
e(ar2) -3.477 -1.815 -1.075 -.017 -1.031 -2.293
e(ar3) 2.943 3.254 435 1.841 1.243 3.902
e(ard) -.484 -.916 -1.271 -1.672 -1.133 -.598
Instruments For Equations In First Differences
it t-4:t-4 t-4:t-4 £-3:t-3 £-3:t-3 £-3:t-3 t-4:t-4
Ay t-4:t-4 t-4:t-4 t-3:t-3 t-3:t-3 t-3:t-3 t-4:t-4
Qi t-4:t-4 t-4:t-4 t-3:t-3 t-3:t-3 t-3:t-3 t-4:t-4
oit * Ayiy t-4:t-4 t-3:t-3 t-3:t-3 t-4:t-4
Oit t-3:t-3 t-3:t-3 t-4:t-4
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TABLE 14
Measurement Error In Average Q

(1) (2) (3) (4)
it I ¢ I ¢ I ¢
Kit Kit Kit Ki
L -.395 -.405 ~.341 -.393
’ (.080)*** (.087)** (.089)*** (.104)**
Ayit—1 138 .149 .078 .109
(.044)*** (.049)*** (.049) (.057)*
oit * Ayiy -.544 -.751 -.182 -.354
(.269)** (.302)** (.284) (.310)
Ay 1.130 1.142 1.208 1.254
(.081)*** (.087)*** (.092)*** (.100)***
Qi .015 .020
(.003)*** (.003)***
i .002 .003
’ (.0004)*** (.0006)***
Aoy .055 .062
(.083) (.096)
O5t—1 .252 .307
(.047)*** (.058)***
Sargan/Hansen .226 .149 498 231
DoF 50 40 50 40
AR1 -6.626 -6.227 -8.507 -7.828
AR2 -1.502 -1.441 -1.354 -1.986
AR3 1.036 -.058 975 -.403
AR4 -.121 -.167 -.81 -.898
Instruments For Equations In First Differences
it £-3:t-3 £-3:t-3 £-3:t-3 £-3:t-3
Ayit t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Qi t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
it t-3:t-3 t-3:t-3
ot * Ayiy t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Oit t-3:t-3 t-3:t-3
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TABLE 15
Measurement Error In Average Q and Uncertainty Proxies

(11) (12) (?) (;l) (5) (6)
Res R Res Res Ak Akt
e ~.395 -.407 -.348 ~.397
’ (.079)** (.086)*** (.088)*** (.103)***
N -.306 -.289
(.061)*** (.066)***
Ayis1 136 147 082 109 131 129
(.043) %= (.048)*** (.048)* (.056)* (.028)*** (.030)***
ol Ayiy -.614 -.906 -.235 -AT5 -.388 -.418
’ (.296)** (.331)*** (:312) (.340) (.183)** (.200)**
Ayi s 1.171 1.214 1.228 1.301 1.138 1.113
(.092)*** (.098)*** (.105)*** (114)*** (.082)*** (.089)***
Qis 014 019
(.003)*** (.003)***
n 002 003
’ (.0004)*** (.0005)***
(ki,t—l — y,'7t_1) -.614 -.653
(.057)** (.055)***
Ao®, 052 061 -.020
’ (.089) (.104) (.064)
o 267 334 047
(.051)*** (.063)*** (.032)
Sargan/Hansen .252 159 525 .235 375 .816
DoF 50 40 50 40 50 40
ARI1 -6.812 -6.496 -8.537 -8.073 -3.713 -3.224
AR2 -1.482 -1.446 -1.387 -2.055 -2.66 -2.798
AR3 .922 =17 912 -.459 -.484 -.366
AR4 -.202 -.194 -.835 -.917 -.709 -.412
Instruments For Equations In First Differences
o £-3:t-3 £-3:t-3 £-3:t-3 £-3:t-3
Ak‘i,tfl t-3:t-3 t-3:t-3
Ay t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
Qi t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
it t-3:¢-3 t-3:¢-3
(Kit — yit) t-3:t-3 t-3:t-3
a;ft * Ay ¢ t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3 t-3:t-3
o t-3:¢-3 t-3:t-3 t-3:t-3 t-3:t-3
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Table Al

Instrument Choice Error Correction Investment Specification (Simulated Data Set 3)

0 2) 3 @ 5)
Akt Akt Akt Ak; ¢ Ak;
Aki—1 -.335 -.076 -.032 -.193 -.078
(112)%** (.066) (.056) (.096)** (.049)
Ayit-1 .210 .014 .0005 .074 .036
(.073)*** (.030) (.027) (.055) (.022)*
ot * Ayt -.733 -.886 -1.079 -.639 -1.104
(.424)* (.384)** (.401)*** (.360)* (.394)**>
Ay 1.142 1.090 1.094 1.125 1.117
(.093)*** (.084)*** (.086)*** (.074)*** (.090)***
(kit—1—Yit—1) -.446 -.383 -.334 -.437 -.328
(091)*** (075)*** (075)*** (081)*** (065)***
Sargan/Hansen 462 057 127 162 167
DoF 36 47 47 48 47
AR1 -2.287 -5.331 -5.781 -3.701 -6.915
AR2 -1.587 1.269 1.631 -.017 1.247
AR3 2.845 1.331 1.482 2.106 1.932
AR4 -.43 -1.312 -1.081 -1.499 -.969
Instruments for Equations in First Differences
Ak t-4:t-4 t-3:t-4 t-4:t-4 t-4:t-4 t-4:t-4
Ayis t-4:t-4 t-4:t-4 t-3:t-4 t-4:t-4 t-4:t-4
(Kit—1 — Yig—1) t-4:t-4 t-4:t-4 t-4:t-4 t-3:t-4 t-4:t-4
ot * Ay t-4:t-4 t-4:t-4 t-4:t-4 t-4:t-4 t-3:t-4
Differenced Sargan Test
(1-p-value) 0.996 0.976 0.956 0.957
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Chapter 3

Comparing Effects of Stock Return
Volatility and the Capital Asset
Pricing Model 8 on Firm Investment

Behavior

3.1 Introduction

The results presented in this Chapter address two issues related to the effects of Capital As-
set Pricing Model (CAPM) fBs on investment behaviour in the sample of UK firms: i.) to
determine whether or not the effects of stock return volatility (o;+) on investment behaviour,
described in the previous chapters, proxy for effects of covariance between firm and market
returns described in CAPM S terms; and ii.) whether there is additional information relevant
to investment behaviour that is not contained in within year volatility in daily stock returns,
but may be captured by time varying, firm specific CAPM f terms. In the contexts of a CAPM
framework, S captures covariance between firm and market returns, representing undiversifiable
systematic risk in firm returns from the perspective of a well diversified shareholder. Whereas
the CAPM f$ can be interpreted as a measure of financial risk, volatility in share prices capture
uncertainty in expected operating environments and the future profitability of a firm, which

can theoretically affect optimal investment behaviour independently of any risk premium in the
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contexts of models with real option or Hartman Able effects.

Within year firm specific CAPM S terms are included in estimates of the error correction
and average q investment specifications, first on their own and then jointly with controls for the
effects of within year volatility in daily stock returns. The results provide no evidence to sup-
port significant effects of CAPM (s on user costs of capital in estimates of the error correction
specification. Similarly, estimates of the average q specification implied no significant effects
of controls for CAPM S on investment behaviour. Evidence presented throughout this chapter
emphasizes the importance of firm specific uncertainty, captured by within year volatility in
stock returns, over systemic measures of risk to investors described in the CAPM, in controlling
for firm level investment behaviour. One possible explanation for such results lies with the risk
exposure of managers to firm returns, and the dominance of their risk aversion over investors’
risk weighted required rates of return described in the CAPM model. The results in this chap-
ter are consistent with the possibility that when making investment decisions, uncertainty over
future firm performance (the livelihood of firm managers) receives more weight than the risk

exposure of diversified investors.

Time varying firm specific CAPM Ss (/BZ%AP M) are calculated as OLS coefficients from the
regression of daily firm returns on daily returns to the FTSE 100 index. Both linear and sales

growth interaction terms in are included in estimates of error correction and average ¢

B'C;APM
1y
investment specifications obtained using the UK data set from Chapter 1. In the contexts of the

error correction specification, linear terms in will allow for the covariance of firms’ stock

iC’tAPM
returns with the market to influence investment through the required rate of return and the user
cost of capital. The sign and significance of coefficients estimated on these terms can provide
evidence of the extent to which firm managers may be following CAPM motivated investment
rules dictated by risk adjusted required rates of return. Additionally, linear terms in BﬂAP M are
added to the average q specification to control for effects on the user cost of capital and marginal
q that are not captured by controls for average q. In both specifications sales growth interaction

will also allow the covariance between firm and market returns to influence

terms with 61%4P M

firms’ responses to demand growth, as was shown in Chapter 1 for volatility in firm returns (o; ;).
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The comparison of within year firm specific CAPM fs with within year volatility of firms’
stock returns follows from work in Leahy and Whited (1996), discussed in the literature re-
view section of Chapter 1. The latter study used US data to produce Generalized Method of
Moments (GMM) estimates of a specification which described the investment rate as a linear
function of an uncertainty proxy based on volatility in stock returns as well as annual CAPM
Bs calculated based on the covariance of daily stock returns to a value weighted index of daily
market returns. Leahy and Whited (1996) found that the uncertainty proxy based on volatility
in daily stock returns had a significant and negative effect on the investment rate, whereas the
CAPM beta had no statistically significant effect. However, these effects of uncertainty were
shown to affect investment through average Q. In so far as the author is aware, no prior study
has compared the effect of CAPM s to uncertainty proxies such as o;; in the contexts of an

error correction investment specification using firm level investment data.
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3.2 Uncertainty, Financial Risk and the User Cost of Capital

Theories of firm investment addressing concepts of uncertainty over future operating environ-
ments and asset pricing models - which emphasize financial risk from the perspective of investors
- have different implications for the user cost of capital faced by a firm, and its relation to optimal
investment behaviour. Models with real option and Hartman-Abel effects consider risk neutral
firms, and emphasize the impact of idiosyncratic uncertainty over future operating conditions
on the expected profitability of capital, and the desired level of capital investment. In such
models the profit of the firm is endogenously determined, and assumed to be uncorrelated with
exogenously determined discount factors. Real options values to investment decisions arise due
to irreversibility in investment together with decreasing returns to scale in a firm’s net revenue
function (due to either imperfect competition, decreasing returns to scale in production tech-
nology, or a combination of both). Real option effects imply an uncertainty adjusted user cost
of capital that is larger than traditional Jorgonsonian user costs of capital, due to the fact that
firms have to give up the option value of investing an additional unit of capital when making
(partially) irreversible investments. By Jensen’s inequality, Hartman Abel effects influence the
desired level of capital stocks through the nature (convex or concave) of the relationship between

stochastic variables (such as output price) and the expected marginal revenue product of capital.

The CAPM class of asset pricing models' consider the perspective of risk averse investors
in assets (or firms) with exogenously determined payoffs, which are correlated with returns to
an investor’s portfolio?, and thus the discount rate. These models emphasize the covariance
of a firm’s return with the market portfolio, because higher correlation between these streams
of payoffs implies greater exposure of investors to risky returns of that firm. Less capital is
invested in riskier firms that are highly correlated with the market portfolio, which in turn pro-
vides higher rates of return to investors for holding undiversified risk. According to the CAPM
the rate of return required by investors in a firm ¢ over a period ¢ (r;;) is given by the sum of
the risk free rate (ry) with the product of BgtAP M (the covariance of returns of firm i with the
returns of the market over period ¢, divided by the variance of market returns over period ¢) and

the market risk premium, according to Equation (3.1) below. Thus the CAPM predicts that

!see Craine (1988)
2In the CAPM combinations of a risk free asset and the market portfolio are held by investors
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firms with returns that are highly correlated with the market(higher 3) face higher required

rates of return and higher user costs of capital.

Tit =Tf+ ﬁ%APM(rm —ry) (3.1)

A key distinction to emphasize in comparing models with real option or Hartman-Abel ef-
fects, with the CAPM, is the role of the discount rate in the respective models. Hartman-Abel
and real option effects impact investment decisions for a given discount rate. Whereas firm
investment in the CAPM is affected through the discount rate which is determined by required

rates of returns to investors.

Craine (1988) develops a general equilibrium Consumption CAPM model in which consumers/investors
allocate capital to firms in which the marginal revenue product of capital is convex with respect
to exogenous productivity shocks. Firms described in the model exhibit positive Hartman-Abel
effects of uncertainty (in productivity shocks) on the expected marginal revenue product of
capital. In this general equilibrium specification both the discount rate and the dividends paid
out by firms are endogenously determined; the fact that consumption is a function of the wage
bill and firm profits, contradicts the supposition that investors’ discount factor is independent
of firms’ profits. With the solution to this model, Craine (1988) demonstrates that although
the Hartman-Abel effects of uncertainty have a positive impact on the expected marginal rev-
enue products of firms, the capital allocated to firms in equilibrium remains dependent on the
risk of a firm’s returns as defined by correlation with the market portfolio held by investors.
This model illustrates that although the theories of firm investment and asset pricing mod-
els have traditionally emphasized different assumptions in defining relationships between user
costs of capital and uncertainty or risk, the implications of these assumptions are not mutually
exclusive. In the contexts of the model in Craine (1988) firm specific uncertainty can impact
the expected marginal revenue products of capital through Hartman-Abel effects, while covari-

ance of firm returns with market portfolios simultaneously rations investors’ capital across firms.

If capital is afforded to firms in accordance with the general equilibrium model in Craine (1988),
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investors would instruct firms’ managers to continue investing in projects until the return on
the firm’s marginal revenue product of capital satisfied an equilibrium condition that adjusts
the return on capital for risk defined by the CAPM. If this were the case in the UK panel data
set, controls for CAPM (s should have significant effects on investment behaviour, alongside
the effects of 0,4, in estimated investment specifications. In the contexts of the CAPM models
described in Craine (1988), if firms undertook investment as though their profit streams were
uncorrelated with the discount rate of investors described in asset pricing models, controls for
CAPM fs would have limited effects in estimates of firm level investment specifications. This
type of investment behaviour could arise when the exposure of firm managers to idiosyncratic
risk leads to investment behaviour that is dominated by managers’ risk aversion over the inter-
ests of diversified investors described in the CAPM. This effect can be represented by the type of
model described in Himmelberg, Hubbard and Love (2002), in which firms’ user costs of capital,
and investment decisions, are heavily influenced by undiversified /stake-holding managers’ aver-
sion to idiosyncratic firm specific risk; and capital is not allocated in accordance with investors’
risk weighted required rates of return. Several factors can lead to a lack of diversification of
a manager’s income and the sub-optimal exposure of a manager to volatility in firm returns
and performance: a significant portion of a manger’s human capital may become firm specific
due to idiosyncracies in the operation of firms, within and across industries; and high powered
incentive contracts may leave managers over-exposed to uncertainty in firm returns. When
the well being or livelihood of managers is heavily exposed to the performance of their firm,
volatility in expected firm returns can lead to a divergence in the investment policies preferred
by managers and those preferred by diversified shareholders. If managers had some indepen-
dence (from shareholders) in making investment decisions, it is conceivable that managers may
benefit from managing investments in a way that is not in the best interests of well diversified
shareholders. Such circumstances provide some explanation as to why investment behaviour
may be more sensitive to firm specific volatility than to shareholders’ required rates of return
described in CAPMs. Risk premia associated by managers to expected returns of investments
may be more strongly influenced by firm specific volatility, than risk introduced to shareholders’

portfolio returns.
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3.2.1 Constructing

The CAPM f included in the investment specifications in this section is calculated, following
Leahy and Whited (1996), as the within year OLS coefficient from the regression of firms’ daily

stock returns on the daily returns of the FTSE 100 index and a constant ( . This allows

B%APM )
for CAPM fs to vary over time and creates a measure that is comparable to the uncertainty
proxy o;¢, which is calculated as the within year standard deviation of daily stock returns.
Table 1 below presents summary statistics for ﬁi%AP M alongside 0;. Within the framework of
the CAPM, the magnitude of ﬁgAP M should capture covariance between a firm’s returns and

the market and be positively related to investor’s required rates of return, which impose higher

user costs and greater marginal revenue products of capital on firms.

[TABLE 1 HERE]

Table 2 below presents sample correlations of the variables used to estimate the average g
and error correction specifications alongside ﬁ%AP M The latter measure has small and neg-

ative correlations with the dependent variables of the two specifications as well as with the

Ay, ¢ the sales growth measure, which are correctly signed if B%AP M is positively related to
user costs of capital. The positive correlation between ﬂEtAP M and the error correction term

(kit—1 — Yit—1) is somewhat counter-intuitive, as higher required rates of return and user costs
of capital should imply lower capital sales ratios. The positive correlation between @;; and
ﬁgAP M is also unexpected, given that higher required rates of return, dictated by larger values
of ﬂ%AP M “imply that greater discount rates should be applied to expected revenues yielding

lower present discounted expected values of firms and lower values of average q.

[TABLE 2 HERE |
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3.2.2 Investment Specification

In Section 1.3.1 of Chapter 1 it is shown that the natural logarithm of the user cost of capital
enters linearly in the error correction specification, and is negatively related to Ak; ;. Equation
(3.2) describes the natural logarithm of the optimal desired level of frictionless capital stock
(k7;), as a linear function of the natural logarithm of sales (y;), and the natural logarithm of a
time varying user cost of capital (¢;+). The equation below corresponds to Equation (1.19) from
Chapter 1, which was derived from the static factor demand model of a firm with Cobb-Douglas

production technology, facing an iso-elastic demand curve.

k;:t =a+Yit — Cit (3.2)

In Section 1.3.1 of Chapter 1 the assumption that the difference between observed capital
stocks and optimal frictionless capital stocks forms a stationary process, and the addition of
lagged values of the natural logarithms of capital and sales were used to develop, Equation
(3.2) into an error correction specification. Deriving the error correction specification in Section
1.3.1 of Chapter 1 the user cost of capital was controlled for by the inclusion of year dummies;
unobserved firm specific effects in the error correction specification, also allowed this user cost
term to vary across firms. In order to explicitly control for variation in the user cost of capital
across firms, the term in ¢;; from Equation (3.2) must be treated symmetrically with terms
in k;; and y;+ in the derivation of the error correction specification, which therefore includes
terms in Ac;y, Aciy—1 and ¢;y—1 in Equation (3.3) below. This is a more general form the

specification represented in Equation (1.25) of Chapter 1.

Akip = —Polkit—1 — Ay -1 + 0oAyir + (1 — 1 — B2) (kit—1 — Yit—1) + molciy  (3.3)

+mAC; 1+ M2Ci -1+ a; + by 4+ €5

The equation for a time varying user cost of capital ¢;; is given below in Equation (3.4),
where p/ is the purchase price of capital goods, § the depreciation rate, and ;¢ the discount

rate, or required rate of return on capital. Under the implicit assumption of a time invariant
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market risk premium and risk free rate, Equation (3.1) for the CAPM implies that the required

rate of return and discount rate r;; varies over time and across firms according to firm specific

/Bz'CtAPMS'

I 1-4¢ ptI—H
cit =1og(Ciy) where Cir=p |1— T r T)I (3.4)
it Pt

In Equation (3.4) above ¢;; is an increasing function of 7;; for small values of r;;, which
would be inline with firms’ required rates of return. Equation (3.1) describes a positive rela-
tionship between BEtAP M and the required rate of return ;¢ in order to compensate investors
for their exposure to risk in firm returns. Assuming a constant risk free rate and market risk
premium over the sample period, changes in the required rate of return over time and across
firms are entirely determined by ﬁgtAP M in the CAPM. Thus Equations (3.4) and (3.1) to-
gether, predict a negative effect of ﬁgtAP M through the user cost of capital ¢i¢ in the error
correction specification given in Equation (3.3). To capture this effect terms in ¢;; in Equation

(3.3) are replaced with terms in in Equation (3.5) below. However, in Equation (3.4)

ﬂ.C;APM
1/’

the relationship between c;; and r;; is non-linear. Thus it may be difficult to control for the
effect of BZ-C;AP M on the user cost of capital with linear terms in the error correction specification

shown in Equation (3.5). In order to better approximate the functional relationship between

CAPM CAPM CAPM
Bi B (log(Bi™)

are included

and ¢;; linear terms in the natural logarithm of log(

in the error correction specification, in Equation (3.5). However, as shown in the following

CAPM

section, substituting ;% for log(

ﬁgAP M) in the error correction specification has almost no

effect on estimated coeflicients. Further experimentation with alternative non-linear functions

of B%AP M (not reported in the following section) yielded no change to the results.

Akip = —Balki—1 — aaAy; i1 + oAy + (1 — B1 — B2) (kijg—1 — Oyi—1) (3.5)

+770A5¢C¢APM + 771Aﬁfﬁ}fM + ﬁzﬁftﬂ)M +a; + b + €y

Unlike the case of the error correction investment specification, the Hayashi (1982) average

q investment model does not explicitly control for the user cost of capital. Changes in the user

181



cost of capital affect investment through average q in that model. As average q is the ratio of the
discounted present value of a firm to its replacement cost of capital, changes in the user cost of
capital and the discount rate of future revenues should be controlled for implicitly by the stock
market measures of firm values in this term. When the assumptions in Hayashi (1982) hold,
additional controls for investment behaviour should not be significant, as average q is a sufficient
statistic for investment. However, if the assumptions in Hayashi (1982) do not hold, or there
is measurement error in average q originating from stock market measures of the discounted
present value of firms, additional controls can be significantly related to investment. Estimates
of the average q specification in Chapter 1 (which include significant coefficients on additional
controls for investment behaviour), have shown that the measure of average q (Qj¢), is not
a sufficient statistic for investment in the UK data set. Therefore adding additional controls
for BEtAP M to the specification based on average q, could control for effects of higher required
rates of return on marginal g, not captured by @;;. As in the error correction specification,
the positive effect of BﬂAP M on the required rate of return should have a negative effect in

the average q specification, by imposing higher discount factors on expected marginal revenue

products of capital.

Compared to the average q investment specification, the error correction specification - with
explicit terms in the user cost of capital - offers slightly more guidance of how ﬁi(ftAP M impacts
investment behaviour. Results are presented for estimates of average q specifications which
include a single linear term in ,BftAP M as well as the set of terms Aﬁ%AP M Aﬁg‘é}f M Z-C;té}f M
and the set of terms Alog(ﬁgtAPM), Alog(ﬁgt’iIfM), log(ﬁ%ﬁlfM) which were included in the er-

ror correction specification. Alternative lag structures and functional forms were experimented

with in controls for ﬁﬁAP M in the average q specification with no significant changes to results.

In addition to linear controls for the effects of BEtAP M in the investment specifications, sales
growth interaction terms are also included in each specification. These non-linear controls for
the effects of B%AP M have limited theoretical justification. However they are included in order
to test whether significant negative coefficients estimated on o;; * Ay; ; terms may be capturing

effects of covariance between firm and market returns. Alternatively it is possible that invest-
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ment decisions in response to changes in demand are delayed in firms whose investors have
greater risk exposure to returns on that investment; i.e. managers may be more reluctant to
allocate capital in response to changes in the market, when the firms’ shareholders have greater

exposure to the returns.
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3.3 Results

and proxies

This section presents results from including both controls for CAPM s (ﬁgtAP M

based on stock return volatility (o;+) in estimates of the error correction and average q speci-
fications from Chapter 1. The proxy o;; is taken from Chapter 1, and BgtAP M is calculated as
the OLS coefficient from regressing firm returns on market returns and a constant, following
Leahy and Whited (1996). The effects of uncertainty on investment, controlled for by o;; in
the error correction and average q specifications are discussed in detail in Chapter 1. Estimates
of both investment specifications in Chapter 1 were consistent with the predictions of mod-

els with irreversible capital investment and real options, in which higher levels of uncertainty

lead to lower investment responses to demand shocks. Including linear terms in BZCtAP M or

5iC'APM

log( L ) do not provide any evidence of a significant relationship between investment and

ﬁgAP M in estimates of the error correction or average q specification. Insignificant coefficients

are also estimated on BiCtAP M

* Ay;; terms across the two specifications. These findings are

robust to an adjustment of o;; and ﬁgAP M for effects of financial leverage.

Table 3 below presents System GMM estimates of the error correction and average q investment

specifications, excluding terms in 0;; and including various controls for the effects of @CtAP M 3

Column 1 includes linear controls for the effects of BZ-C;AP M on the user cost of capital in the error

correction specification from Equation (3.5). Coefficients estimated on the terms of the error

correction specification are similar to corresponding estimates of the specification in previous

chapters. The coefficients estimated on ﬁgAP M terms are small in magnitude and individually

insignificant. A Wald test of the joint hypothesis that coefficients on betagtAP M terms are jointly

insignificant is not rejected with a p-value of 0.96. Column 2 of Table 3 replaces the linear terms

in BE;APM

with terms in log(ﬁ%APM)

, which may better approximate the functional relationship
between ﬂiCtAP M and the natural logarithm of the user cost of capital in the error correction

specification. Coefficients estimated on the controls for Bic’tAP M

are relatively unchanged by
standard errors across Columns 1 and 2. A Wald test does not reject the joint hypothesis that

are jointly insignificant, the p-value of this hypothesis is

coefficients on terms in log(BEATM)

0.25. Column 3 excludes all linear controls for ﬁgtAP M

and adds a sales growth interaction

3Instrument sets are based on preferred instrument sets from Chapter 1, which are appended with appropri-

ately lagged values of BgtAP M as instruments for equations in levels and for equations in differences.

184



term BZCtAP My Ay, ¢+. The coefficient estimated on the latter term is statistically insignificant,

implying no effect of ﬁ%AP M on investment responses to changes in demand.

[TABLE 3 HERE]

Column 4 of Table 3 presents estimates of the average q specification, including a single
linear term in ﬁic,tAP M to control for effects of covariance of firm returns with the market on
required rates of return, not captured by @; ;. The coefficient on /B%AP M is statistically insignif-
icant in Column 4, and appears to have no effect on investment behaviour, as described by the
estimates of the average q specification. Column 5 adds to the average q specification the lagged
differenced and level terms of ﬁ%AP M that were added to the error correction specification in
Column 1. As in the case of Column 1 all coefficients estimated on ﬁftAP M terms were indi-

vidually and jointly insignificant. A Wald test does not reject the hypothesis that coefficients

on BZ%AP M terms in Column 5 are jointly insignificant, with a p-value of 0.44. Column 6 of

Table 3 includes terms in log(ﬁgtAP M) from Column 3 of Table 3; coefficients on which are

individually insignificant. A Wald test of the hypothesis that coefficients on log( EtAP M) terms
are jointly insignificant is not rejected with a p-value 0.38. Column 7 of Table 3 drops controls

for linear effects of B%AM in the average q specification and adds a sales growth interaction term

with ﬁ%AP M on which the estimated coefficient is correctly signed but statistically insignificant.

Table 4 below presents results from adding controls for ,BZ%AP M to estimates of the error correc-

tion and average q specifications, which include terms in o;; * Ay; 1, Ao; ¢ and Ui’t_1.4 Columns

CAPM

1 and 2 of Table 3 respectively add linear controls for effects of ;7 and log(BiCAP M

it ) on
the user cost of capital, just as in the first two columns of Table 2. Estimated coefficients on
terms in ﬂ%AP M and log(ﬁftAP M) are individually and jointly insignificant, just as in the first
two columns of Table 3. Wald tests do not reject the hypotheses that the latter coefficients
are jointly insignificant based on respective p-values of 0.40 and 0.39. Column 3 drops linear
controls for the effects of ﬁgAP M and adds a term in B%AP M-y Ay; ¢, on which the coefficient
estimate is insignificant. As a result of adding the latter term, the coefficient estimated on
i * Ay; ; becomes insignificant; however, dropping o; ; * Ay; ¢ from the specification in Column

3 does not yield a significant coefficient on 55{”’ M Ay; . It is worth noting that when both

“Instrument sets are based on preferred instruments for the investment specifications from Chapter 1.
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controls for effects of uncertainty and risk on investment behaviour are included in Column 3,
it is not evident whether one is more informative than the other. A Wald test does not reject
the hypothesis that coefficients on o;; * Ay, and B%AP My Ay; ; are jointly insignificant, with

a p-value of 0.39.

[Table 4 Here]

Column 4 of Table 4 above adds a linear term in B%AP M to the average q specification

which includes linear and non-linear sales growth interaction terms in o; ;. The coefficient esti-

BEAPM iy Column 4 is statistically insignificant. Column 5 drops the linear term in

mated on
ﬁgtAP M and adds the lagged differenced and level terms in ,BZ-C’tAP M from Column 1 of Table 4,
on which coefficients are individually and jointly insignificant. A Wald test of the hypothesis
ﬁAPM

that coefficients on 3; terms in Column 5 are jointly insignificant is not rejected based on a

p-value of 0.49. Column 6 replaces the terms in ,B%AP M in the specification from Column 5 with

CAPM)
2,t

terms in log(f;; CAPM)

. Coefficients on log( ; are individually insignificant in Column 6,

and a Wald test of the hypothesis that they are jointly insignificant is not rejected based on a
p-value of 0.24. Column 7 drops controls for linear effects of B%AP M and adds the sales growth
interaction term ﬂftAP M % Ay, 1, on which the coefficient is statistically insignificant. As in the
case of the error correction specification, including the latter term in the average q specification
in Column 7 results in an insignificant coefficient on o4 * Ay; ;. However, dropping o;; * Ay,
from the specification in Column 7 does not improve the significance of the coefficient estimated

CAPM
on ﬁi,t * Ay ¢

3.3.1 Effects of Financial Leverage

The set of results presented in Tables 5 and 6 below, consider a potential impact of financial
leverage on equity s (BZ-C;AP M) Hamada (1972) outlines the positive relationship between fi-
nancial leverage and systematic risk of a firm’s stock from the perspective of an investor in the
CAPM, and higher required rates of return that would be demanded by investors in a highly
levered firm. If two firms had the same values of 6%4]3 M in the absence of leverage, one of the

firms could increase its leverage, amplifying the covariance of its returns with the market. In
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the contexts of the capital asset pricing model, on one hand it may not be of any consequence
to a shareholder whether a firm has a higher B%AP M due to greater systematic risk or higher
levels of leverage since in both cases the shareholder’s portfolio has more exposure to the returns

of the firm. However, on the other hand un-levered measures of BZ%AP M

may provide a more
fundamental level of covariance between firm and market returns, reflecting a systematic level
of risk that is independent of a firm’s financing decisions. To produce the un-levered measures
of CAPM S the values of 55’41) M are adjusted by the gearing ratio used to adjust the uncer-
tainty proxy o;; in chapter 1: the ratio of Total Assets to the sum of Total Assets, Long Term
Debt and Borrowing. The un-levered CAPM 3 g;; * ,BEtAP M s smaller than Bl-c:tAP M the more
highly levered the firm. Making this adjustment to B%AP M has almost no effect on coefficient
estimates from Tables 3 and 4.

Table 5 below reproduces the columns of Table 3, replacing BZ%AP M with Git * BZ%AP M where it
appears in the specifications and instrument sets. Coeflicients estimated on the adjusted con-

are largely unchanged from Table 3, and not significantly different by standard

trols for ﬁic;AP M

errors. In Column 1 of Table 5, a Wald test does not reject the hypothesis that coefficients on
Git * B%AP M are jointly insignificant, based on a p-value of 0.86. Although the coefficient on
Alog(gi+* BZ-C:tAP M) becomes marginally significant in Column 2 as a result of the gearing adjust-
ment, the point estimate and standard error are very similar to those in Table 3. The hypothesis
that the coefficients on Alog(g;; * B%APM), Alog(git—1 * ﬁ%ﬁlfM) and log(git—1 * Bft‘élfM) are
jointly insignificant in Column 2 of Table 5 is not rejected by a Wald test of the linear hypothesis,

based on a p-value of 0.23. Moreover the coefficient estimated on Alog(g;+ * becomes

A7)
17
statistically insignificant when controls for effects of g;; * 0;; are added to the specification in

Table 6 below. In Columns 5 and 6, which add differenced and lagged terms in g;; * B%AP M and

log(gi,g * ﬂi%APM) to the average q specification, Wald test do not reject the joint hypotheses
that coefficients on these terms are jointly insignificant, based on respective p-values of 0.75

and 0.18.
[Table 5 Here]

Table 6 below reproduces the columns of Table 4, making the gearing adjustment to the

terms in SCAPM . Terms in o are also adjusted for financial leverage; replaced by g;; * oy in
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the specifications and instrument sets. Coefficients estimated on g; ; * ,B%AP M terms in Table 6
are all (individually and jointly) insignificant. Coefficients estimated on terms in g; ; * 0; 1 * Ay, ¢
in Table 6 are much less significant than corresponding coefficients on o; ; * Ay; ; terms in Table
4. However, the appendix to this chapter presents results obtained using alternative instrument

sets, in which coefficients on g¢; ; * 0;; * Ay;; terms are statistically significant.®

[Table 6 Here]

SCoefficients on ﬁf{qp M remained insignificant in specification estimated with the alternative instrument set
from the appendix.
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3.4 Conclusion

This Section has presented estimates of error correction and average q specifications which
allow for effects of systematic risk to shareholders (described in Capital Asset Pricing Models)
on required rates of return and user costs of capital. Coefficients estimated on firm specific
and time varying terms in BE;AP M implied no significant effects in either the error correction or
average ( specification. Based on the findings in this chapter the effects of o;; on investment
behaviour, documented in Chapter 1, could not have been proxying for any effects of covariance
between firm and market returns described by ﬁ%AP M These results do not show any evidence
of firms investing less capital in response to higher user costs of capital and higher rates of return
required by the type of diversified investor described in the CAPM. The stronger effects of o; ;
on investment behaviour provides evidence of a more important effect of idiosyncratic, firm
specific volatility on the investment behaviour of firms; as compared to the effects of correlation
between shareholder portfolios and firm returns. The dominance of firm specific volatility in

returns on investment behaviour, over CAPM investment rules, is consistent with the prevalence

of managers’ aversion to volatility in firm performance, over the interests and rates of return

required by fully diversified shareholders described in the CAPM.
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3.5 Appendix

This brief appendix presents results comparing alternative instrument sets used to estimate
the error correction and average q specifications in Table 6. Results presented in Table 6 used
AQy@t,g as instruments for equations in levels to estimate both the error correction and average
q specifications. Comparisons based on Differenced Sargan/Hansen tests reported in Table A1l
below suggest that the additional moment conditions for equations in levels used in Table 6 may
be invalid. Coefficients estimated on uncertainty sales growth terms, which have been adjusted
for effects of financial leverage, are much more significant when estimated using the restricted
instrument set. This is similar to results presented in Chapter 1, for which Differenced Sar-
gan/Hansen tests also did not support the validity of A2y¢7t as an instrument for equations in
levels for specification in which uncertainty terms are adjusted for possible effects of financial

leverage.

Column 1 of Table Al presents estimates of the error correction specification from Column
1 of Table 6, which excludes AQym_l from the instrument set for equations in levels. Column
2 of Table Al adds A2yi,t,2 as an instrument for equations in levels to the instrument set in
Column 1, yielding the results from Column 1 of Table 6. A Differenced Sargan/Hansen test
is used to evaluate the null hypothesis that the additional moment condition in Column 2 of
Table Al is valid against the alternative that only the moment conditions from Column 1 of
Table Al are valid. Given that the null is valid the Differenced Sargan/Hansen test statistic
should follow a x? distribution with degrees of freedom equal to the difference in the number
of moment conditions in the two sets of estimates. The value of one less the p-value of the
Differenced Sargan/Hansen test statistic is reported in the bottom of Column 2, which rejects

the validity of the null hypothesis.
[TABLE Al HERE]

Column 3 of Table Al presents estimates of the average q specification from Column 4 of
Table 6, excluding A2y,~7t_2 from the instrument set for equations in levels. Column 4 uses the
instrument set from Column 4 of Table 6. As in the case of the error correction specification

a Differenced Sargan/Hansen test rejects the null hypothesis that the moment conditions in

190



Column 4 are valid, relative to the alternative that only the subset of moment conditions from

Column 3 are valid.
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3.6 Tables of Results

Table 1
Summary Statistics

mean standard deviation min. max.
Tid 1.532 0.6586 0.446 4.357
Bit 0.492 0.4031 -0.611 2.457
Table 2
(1) (12) 3) (4) () (6) (7)
AV Vom Ayie  (kig—1 —Oyie1)  Qip o BGM
Ak;y 1.0000
1;,
o 0.9621  1.0000
Correlations Ayzt 0.4537 0.4394 1.0000
(Kig—1— Oyig—1) -0.0730 -0.0526 0.0732 1.0000
Qix 0.2428  0.2570  0.2199 -0.2517 1.0000
Tid -0.1540 -0.1311 -0.1598 0.0247 -0.1033  1.0000
BEAPM -0.0096 -0.0287 -0.0806 0.0805 0.0233  0.2638  1.0000
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Table 3

Effects of 61-07{413 M on Investment

(1) 2) 3) (14) (15) (16) (17)
Akig  Akie o Ak g R R m
Ak 173 =300 -.225
(.116) (.137)* (.107)*
et 040 011 146 -.055
' (.101) (.104) (.128) (.104)
Ayii1 069 103 079 038 047 004 054
(.054) (.071) (.052) (.043) (.043) (.061) (.036)
BEAPM 4 Ay, , -.253 -.156
' (.174) (.123)
Ayiy 305 307 427 191 193 328 273
(106)***  (L097)***  (114)***  (068)***  (.073)***  (088)***  (.097)***
(kit—1 — Yit—1) -.077 -.100 -.048
(.035)** (.043)** (.022)**
Qi .016 .015 .015 .018
(.004)***  (.004)***  (.005)***  (.004)***
ABEAPM .003 012
’ (.044) (.034)
ABEATM -.007 .008
(.018) (.016)
CAPM -.007 -.031
7 (.042) (.021)
52'CtAPM -.021
' (.020)
Alog(BAM) 021 .012
(.013) (.012)
Alog(BEATM) .005 .004
(.007) (.006)
log(BGATM) 004 -.011
’ (.021) (.012)
Sargan/Hansen 431 291 o7l D75 .608 275 728
DoF 94 94 125 120 118 118 149
AR1 -2.912 -1.803 -2.906 -4.815 -4.563 -3.139 -4.051
AR2 -1.968 -2.784 -2.423 -.444 -.68 -.94 -1.142
AR3 .199 -.256 132 -.031 .061 -.448 -.027
AR4 453 b33 .63 773 .602 .549 .899
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4
L 34 t-3itd t3it-d t-3it-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit—1 — Yit—1) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ﬁftAPM * Ayt t-3:t-4 t-3:t-4
ﬁgAP M t-3:t-4 t-3:t-4  t-3:t-4  t-3:t-4 t-3:t-4
log(BEATM) t-3:t-4 t-3:t-4
Instruments For Equations in Levels
Azkiﬂt t-2:t-2 t-2:t-2 t-2:t-2
AZyZ-’t t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
e £2:4-2 262 6262 6-2:6-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A(BEAPM + Ay, ) t-2:t-2 t-2:t-2
A(ﬁf/‘PM ) t-2:-2 t-2:6-2 262 t-2:t-2 t-2:-2
A(log(BEATMY) t-2:-2 t-2:t-2

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are preselfigd in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in
each column.



Table 4

Joint Effects of B%AP M and 0;,+ on Investment

1 ) (3) (;l) (;”) (16) ([7)
Aki’t Aki’t Aki’t le-“t Klztz Klz‘Ytt Kzztz
Akii—1 -.169 -.203 -.263
(112) (.108)* (.103)**
o S150  -156  -196  -.224
' (.103) (.102) (.107)* (.100)**
Ayt .083 .092 .085 .079 .078 .061 .074
(.051) (.063) (.055) (.039)** (.038)** (.047) (.039)*
Oip * Ayt -.218 -.258 -.096 -.108 -.110 -.165 -.063
(.099)**  (.099)*** (.094) (.065)* (.066)* (.080)** (.063)
55APA{ * Ay -.161 -.089
! (.180) (.124)
Ayiy .704 719 .567 .399 .384 .456 .368
(193)7 (188)™ (215)* (131 (130) (14d)* (131)**
(Kit—1 — Yigt—1) -.060 -.013 -.062
(.024)* (.026) (.025)**
Qi .020 .020 019 021
(.005)***  (.005)***  (.005)***  (.004)***
Aoy -.010 -.025 -.009 .0003 -.0009 -.016 .002
(.017) (.020) (.016) (.013) (.012) (.015) (.011)
Oig—1 -.026 -.036 -.031 -.015 -.016 -.020 -.016
(.019) (.022)* (.019) (.015) (.016) (.016) (.014)
ABEAPM .050 029
(.037) (.028)
ABEALM 016 022
(.018) (.015)
BEAPM .036 .004
' (.027) (.019)
BEAPM 005
v (.019)
Alog(BGAFM) .019 016
(.012) (.010)*
Alog(BEATM) 007 014
(.007) (.008)*
log(BEAM .004 -.006
’ (.015) (.009)
Sargan/Hansen 138 .106 174 411 452 178 316
DoF 162 162 192 178 176 176 207
AR1 -3.174 -2.872 -2.697 -3.647 -3.578 -3.01 -3.351
AR2 -2.171 -2.386 -2.921 -1.974 -2.056 -2.09 -2.493
AR3 -.144 -.212 .036 -.002 -.071 -.165 .061
AR4 .829 .839 .786 975 .987 .849 1.007
Instruments For Equations in First Differences
Ak t-3:t-4 t-3:t-4 t-3:t-4
,Igft t-3:6-4  t-3:it-4 t-3it4 t-3it-4
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(Kit—1 — Yig—1) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot x Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
BEAPM o Ay £-3:t-4 3144
peAPM t-3:t-4 t-3:6-4 364 t-3:t-4 t-3:t-4
log(BEATM) t-3:t-4 t-3:t-4
Instruments For Equations in Levels
AQki,f, t-2:t-2 t-2:t-2 t-2:t-2
AQy,;’L t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
- 262 262 6262 622
AQi 262 6262 262 t-2:-2
A(ois* Ayis t-2:t-2 t-2:-2 t-2:t-2 t-2:t-2 t-2:-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:¢-2
A(BEATM 5 Ay, p) £-2:6-2 t-2:-2
A(BEAPM) 1-2:t-2 $-2:4-2 62:0-2 $-2:4-2 -2:4-2
A(log(BEAPMY) t-2:t-2 t-2:t-2
Note: 194

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null

N . — -



Table 5
Effects of g; ¢ * ﬁftAP M on Investment

(1) (2) 3) (14) (15) (16) (17)
Aki Ak Ak mG RL RL R
AV T =172 -.297 -.203
(.119) (.138)** (.102)**
o 037 011 -133  -.059
' (.098) (.110) (.128) (.099)
Ayi—1 076 .098 072 039 048 028 049
(.054) (.072) (.052) (.043) (.044) (.053) (.035)
Gt * ﬁictAPM * Ay -.244 _.186
' (.215) (.149)
Ayt 1295 323 400 197 188 234 277
(107)***  (L100)***  (LL15)***  (L067)***  (.072)***  (.07T0)***  (.095)***
(Kig—1 — Yig—1) -077  -.098  -.044
(.035)** (.042)** (.022)**
Qi 015 015 016 018
' (004)***  (.005)***  (.005)***  (.004)***
A(giy * BEATM -.007 007
' (.051) (.041)
A(gig—1 * BEATM) -.018 .004
i (.022) (.019)
gi—1 * BGAM 008 -.028
’ (:052) (.029)
gix * BATM -.016
(.026)
Alog(gi * BGHM) 023 014
' (.013)* (.012)
Alog(gii—1 * BGEM) .005 .008
(.007) (.009)
log(gi—1 % BCATM .009 -.016
' (.022) (.011)
Sargan/Hansen 414 .262 .596 .535 .343 173 .654
DoF 94 94 125 120 118 118 149
AR1 -2.867 -1.804 -3.124  -4.839 -4.206  -3.02  -4.181
AR2 21985  -2.67  -2.257  -.482 -814  -1129 -1.172
AR3 .246 -.309 109 -.025 .036 -.236 -.047
AR4 454 616 598 756 638 521 87
Instruments For Equations in First Differences
Ak;y t-3:t-4 t-3:t-4 t-3:t-4
o t3:0-4 304 6304 34
Ayis t-3:t-4 364 6364 t-3:t-4 t-3cted t-3it-4 t-3:t-4
(kit—1 — vi—1) t-3:t-4  t-3:t-4  t-3:6-4
Qit t-3:t-4  t-3:t-4 t-3it-4 t-3:t-4
BEAPM 5 Ayiy t-3:t-4 -3:-4
CAPM £-3:-4 t-3:64 304 t-3:0-4 £-3:t-4
log(BEATM) t-3:t-4 t-3:t-4
Instruments For Equations in Levels
Ak y t-2:t-2 t-2:t-2 £-2:t-2
AQyi’t t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
ot 262 262 262 t-2:t-2
AQiy t-2:6-2 2042 262 t-2:t-2
ABEAM x Ayig) £-2:t-2 £-2:6-2
A(BEAPM) £-2:t-2 £2:6-2 22 t-2:4-2 £-2:£-2
A(log(B%APM)) t-2:t-2 t-2:t-2
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Table 6
Joint Effects of g; 4 * B%AP M and git * 0; ¢ on Investment

(1) &) (3) (;1) (,5) ([6) ([7)
Akip  Akie  Akie  #7 g m Rir
Akii—1 -.194 -.203 -.260
(.108)* (.102)  (.097)***
o -173  -176 -205  -.266
' (-101)* (-100)* (.106)*  (.097)***
Ay .094 .088 .089 .081 .078 .066 .083
(.051)* (.062) (.054) (.040)** (.040)* (.048) (.041)**
Git % Oip *x Ayiy -.238 -.317 -.100 -.128 -.129 -.184 -.065
(.135)* (.141) (.118) (.095) (.095) (.112)* (.081)
it * BEATM x Ayyy -.161 -.082
’ (:226) (.147)
Ay 678 725 517 .390 .381 423 341
(:200)**  (:203)***  (222)**  (151)***  (ISL)**  (.164)***  (.145)**
(Kit—1 — Yig—1) -.060 -.017 -.063
(.024)** (.026) (.025)*
Qi 019 019 018 021
(.005)***  (.005)***  (.005)***  (.004)***
A(git * 0it) -.010 -.026 -.015 -.003 -.003 -.023 .0008
(.020) (.024) (.020) (.015) (.014) (.018) (.013)
Gijt—1 % Oi—1 -.037 -.034 -.039 -.019 -.020 -.023 -.019
(.023)* (.026) (.022)* (.019) (.019) (.019) (.017)
A(giy x BEATM) .031 .017
’ (.044) (.034)
A(gig—1 * BGATM .006 017
(.021) (.017)
Gij—1 % BEATM 043 .007
’ (.032) (.023)
Git * BictAPA'I .006
' (.022)
Alog(gis * BGEM) 013 014
(.012) (.010)
Alog(gii—1 * BGATM) 004 013
(.007) (.008)*
log(gi4—1 * BEATM) .002 -.006
’ (.014) (.009)
Sargan/Hansen .084 11 .14 225 216 .097 138
DoF 162 162 193 178 176 176 207
AR1 -3.164 -3.08 -2.907  -3.531  -3.521 -2.95 -3.162
AR2 -2.392 -2.457 -3.001 -2.135 -2.19 -2.175 -2.852
AR3 -.143 -.329 .017 -.062 -.144 -.257 .042
AR4 773 743 704 .885 .966 775 921
Instruments For Equations in First Differences
Ak t-3:t-4  t-3:t-4  t-3:t-4
ra 304 t-3:t-4 t-3it-d t-3:t-4
Ay t-3:t-4  t-3:t-4  t-3:t-4  t-3:t-4 t-3:t-4  t-3:t-4  t-3:t-4
(ki,t—l — eyi,t,l) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4  t-3:it-4 t-3:t-4 t-3:t-4
Git * Oig x Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Git * Oig t-3:t-4  t-3:t-4  t-3:t-4  t-3:t-4 t-3:t-4  t-3:t-4  t-3:t-4
Git * BE;APM * Ay 4 t-3:t-4 t-3:t-4
it * /35;‘”1 t-3:t-4 34 364 t-3:t-4 t-3:t-4
log(gse * BEATM) t-3:t-4 t-3:t-4
Instruments For Equations in Levels
AQki,f, t-2:t-2 t-2:t-2 t-2:t-2
- £2:4-2 262 t-2:t-2  t-2:t-2
AQiy t-2:4-2  t-2:6-2 t-2:t-2 t-2:t-2
A(giyg % 044 % Ayiy t-2:t-2  t-2:6-2 t-2:6-2 t-2:6-2 t-2:t-2 6-2:t-2 t-2:t-2
A(git *oiy) t-2:6-2  £-2:6-2 t-206-2 t-2:6-2 t-2:t-2 6-2:t-2 t-2:t-2
A(gig * BGATM 5 Ay, ) t-2:6-2 t-2:t-2
A(giy * ﬂf;’f”’f) t-2:6-2 t-2:6-2 2042 t-2:t-2 t-2:4-2
A(log(gi s * BEATMY) t-2:t-2 t-2:t-2
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Table Al
A2yi7t,2 as an Instrument for Equations in Levels

(1) (2) (}'5) (14)
Akt Ak o oom
Aki—1 -.199 -.194
(.090)** (.108)*
Lit—1
Foomnny -.236 =173
(.090)*** (101)*
Ayi -1 113 .094 .109 .081
(.051)** (.051)* (.041)*** (.040)**
Gt * i ¥ Ayiy -.369 -.238 -.190 -.128
(121)%* (.135)* (.089)** (.095)
Ayt .806 678 470 .390
(.182)** (.200)*** (.142)*** (151)**
(kz’,t—l — yi,tfl) -.070 -.060
(.024)** (.024)*
Q .018 .019
(.004)*** (.005)***
A(git*0it) -.015 -.010 -.008 -.003
(.021) (.020) (.015) (.015)
Git—1 % O 4—1 -.041 -.037 -.026 -.019
(.022)* (.023)* (.019) (.019)
A(giy * BEAPM) 015 031
’ (.041) (.044)
A(gig—1 * BEATM) .003 .006
i (.021) (.021)
gi—1 * BGAM .033 .043
(.034) (.032)
gix * BATM -.0007 .006
(.023) (.022)
Sargan/Hansen .364 .084 .389 .225
DoF 162 152 168 178
AR1 -3.656 -3.164 -3.516 -3.531
AR2 -2.9 -2.392 -2.903 -2.135
AR3 -.129 -.143 -.017 -.062
AR4 .675 773 .885 .885
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4
Ht t-3:t-4 t-3:t-4
it
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki,t—l - eyivt—]) t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
Gt * Tip % Ay g t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Git * Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
git x BEATM t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k, t-2:6-2 t-2:t-2
A2y t-2:t-2 t-2:4-2
I, . .
K:f, t-2:t-2 t-2:t-2
AQiy t-2:t-2 t-2:t-2
A(gie * 05t * Ayig t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A(gis*0it) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Algiy * BT t-2:6-2 t-2:4-2 t-2:6-2 t-2:6-2
Difference Sargan Test
(1-p-value) 0.999 0.957
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Chapter 4

Comparing Effects of Firm Specific
and Market Wide Volatility on Firm
Investment in Estimates of Error
Correction and Average Q

Specifications

4.1 Introduction

This Chapter presents results from decomposing the uncertainty proxy o;; into various firm
specific and market wide components; assessing the individual effects of each in the contexts
of the error correction and average q investment specifications, estimated using the panel data
set of UK firms from Chapter 1. This builds upon previous work in Bulan (2005), which de-
composed a similar uncertainty proxy into volatility in market and industry returns, as well as
firm specific volatility components in a panel data set of US firms; and previous work in Bloom,
Bond and VanReenen (2007) which decomposed a stock return volatility based uncertainty
proxy into firm specific (time invariant) and common (time varying) market wide components,
as well as an idiosyncratic residual component varying over time and across firms. The results

of these previous studies implied that idiosyncratic-residual measures of uncertainty had the
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most significant effects in estimated investment specifications. In Bulan (2005) the impact of
each volatility measure on investment behaviour was evaluated by including linear controls for
market, industry and firm volatility in Two Stage Least Squares (2SLS) estimates of an invest-
ment specification based on controls for average q. In estimates of the average q investment
specification which included all linear uncertainty terms, coefficient estimates on the industry
and firm specific terms were significant and negative; whereas coefficient estimates on linear
market volatility terms were insignificant!. In Bloom, Bond and VanReenen (2007) interaction
terms between sales growth and the individual uncertainty components were included in System
GMM estimates of error correction investment specifications. The coefficients estimated on the
aggregate component and time invariant firm specific component were insignificant, whereas
coefficients estimated on the idiosyncratic uncertainty interaction term was significant and neg-

ative.

This chapter decomposes the uncertainty measure o;; - based on within year volatility in daily
stock returns - into volatility in returns to the FTSE 100 index and a firm specific residual com-
ponent, following the approach in Bulan (2005). The effects of these components are compared
to those obtained by decomposing the uncertainty proxy following Bloom Bond and VanReenen
(2007). Individual effects of these various uncertainty components are considered by including
both linear and sales growth interaction terms in the error correction and average q investment
specifications from Chapter 1. Whereas only linear uncertainty terms were included in the in-
vestment specification in Bulan (2005), coefficients estimated on the uncertainty sales growth
interaction terms will determine to what extent the different components of the uncertainty
proxy, o;¢, contribute to lower investment responses to demand at higher uncertainty. As dis-
cussed in the literature review, the most direct way of evaluating the unambiguous predictions
of models with real options is with coefficients estimated on uncertainty-sales growth interac-
tion terms, which allow for lower investment responses to changes in demand at higher levels of
uncertainty. Bulan (2005) interprets significant negative coefficients estimated on linear uncer-
tainty terms as evidence of the predictions of investment models with real options. In addition
to documenting empirical firm level effects of uncertainty proxies on investment, this chapter

provides a more thorough treatment of predictions from theoretical models with real options

"Whether included independently of, or jointly with the other components of volatility in firm stock returns.

199



by including both linear and sales growth interaction uncertainty terms in the error correction

and average specifications estimated with the UK data.

The findings in this chapter are generally consistent with those in Bulan (2005) and Bloom,
Bond and VanReenen (2007), in that volatility specific to firms is the most significant driver
of the effect of 0;; in estimates of the average q and error correction investment specifications.
Coefficients estimated on the Bulan (2005) market volatility component implied a marginally
significant negative effect on investment responses to demand growth when used as the sole
proxy for uncertainty in estimates of the error correction specification. However, coefficients
on this terms became insignificant when controls for the idiosyncratic firm specific component
of 0;; were added to the specifications. It is not clear whether these two components of o;;
each contained unique information that was relevant to the investment behaviour of firms. The
Bulan (2005) decomposed market volatility did not appear to contain any information that

could not be controlled with its firm specific idiosyncratic counterpart.
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4.2 Decomposing The Uncertainty Proxy o;;

Following Bulan (2005) the uncertainty proxy o;; is decomposed into volatility in market returns
(based on the FTSE 100) and residual volatility, based on the same OLS regression used to
calculate BCAP M in Chapter 3. For each firm (i) year (t) observation in the panel data set, the
daily (d) returns data r;; q used to construct the volatility measure o; 4, is regressed (by OLS)

on daily returns to the FTSE 100 index (ngSE)

Titd = azt‘i‘ﬁCAPM FTSE+6th (41)

The coefficient estimate ﬁiCtAP M and estimated residuals €, 4 are recorded for each firm

FTSE FIRM

year observation in the data set. Market volatility o; and firm specific volatility o;

FTSE =FTSE

calculated as the within year standard deviations of Ty, and e td respectively (where 7;

denote mean values in year t).

17}
FTSE __ 1 FTSE __ *FTSE 2
o Y Z(Ttd )

In addition to estimating Equation (4.1) for each firm year observation Bulan (2005) also
estimated a similar equation, which regressed daily returns data on returns to market and in-
dustry indexes as explanatory variables; the analysis here omits the industry index returns data.
Equation (4.1) can be interpreted as a CAPM in which terms in the risk free rate are assumed
to be constant within years and amalgamated into the constant «; . The estimated coefficient
on the Ttd FTSE term in Equation (4.1) coincides with the ﬂgtAP M terms used to control for
required rates of return predicted by the CAPM in Chapter 3. At this point it is worth while

to note that although the estimation of is the same as in Chapter 3, the incorporation

ﬁ'C;APM
2y

of the term into the investment specifications in Chapter 3 was done under the assumption
of a constant market risk premium, under which all variation in firm returns is derived from

changes in BZ%AP M The latter assumption implies a more restrictive CAPM framework than

that embodied by Equation (4.1); which, interpreted as a CAPM model, allows the market risk
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premium to change with market returns relative to a constant risk free rate. Following Bulan

witnin year volatiil 1 dal StOCK returns, g; ¢, 1S broken dowi into . * O
(2005), within y: latility in daily stock returns, o;, is broken down into SGAPM « ofTSE

and U,{;IRM according to Equation (4.1). Under the assumption of a constant risk free rate

of return, BZ%AP M s gFTSE can be loosely interpreted as within year volatility in daily firm
returns described by the CAPM represented by Equation (4.1); or alternatively, volatility in
market returns that are correlated with the returns of individual firms through BEtAP M Resid-
ual volatility in firm returns that are not explained by correlations with market returns in
estimates of Equation (4.1), are described by aiFf RM — Comparing coefficients estimated on

and UZ-FtIRM in the average q and error correction specifications will evalu-

BCAPM  GFTSE
2y
ate the relative importance, to firm level investment behaviour, of volatility(/uncertainty) in

market conditions (relevant to the firm) and firm specific, idiosyncratic, volatility (/uncertainty).

Following Bloom, Bond and VanReenen (2007), o; ¢ is also decomposed into firm specific (time
invariant), market wide (time varying, and common to all firms) and idiosyncratic components.
This is done by regressing o;; on full sets of year and firm dummies. Coefficients estimated
on the year dummies, oy, and firm dummies, o;, are recorded along with the residuals o5t
Each uncertainty component is interacted with sales growth, Ay;;, and included in the two

2 Comparison of coefficients

investment specification together with terms in Ac;; and o;;—1.
estimated across oy x Ay, ¢, 05 * Ay;; and of, * Ay;; terms will be informative of whether firm
specific or market wide volatility (/uncertainty) in returns are most important in firms’ decisions

to delay investment responses to demand growth.

Comparing the different decompositions of ¢;;, which follow Bulan (2005) and Bloom, Bond
and VanReenen (2007), the market uncertainty component of the latter approach is less specific,
defining the same level of market volatility for each firm; where as B%AP My 6FTSE defines a
level of market volatility that is specific (or uniquely relevant) to each firm. Defining market
uncertainty in this way may be more appropriate, in so far as volatility (/uncertainty) over some

aspects/components of the market may be relevant to some firms but not to others. A market

measure of uncertainty o¢, common to all firms, could over-estimate uncertainty in the market

2As in Bloom, Bond and VanReenen (2007) linear terms in the components are not included in estimates of
the investment specifications due to complications in finding reliable instruments to identify coefficients on the
time invariant o; terms in dynamic investment specifications.
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that is relevant to firm investment decisions. Thus, comparing the two sets of uncertainty com-
ponents, the uncertainty measure ﬁ%AP My of TSE from Bulan (2005) adds some information
from o; to the o; term from the Bloom Bond and VanReenen (2007) decomposition; and the

idiosyncratic Bulan (2005) term, of/fM  combines remaining information from o; with o¢,.

Table 1 below presents correlations across the Bulan (2005) and Bloom, Bond and VanRee-
nen (2007) components of o;;. The correlation coefficients in Column 1 of Table 5 show that
all uncertainty components are positively and strongly correlated with o;; ( with the excep-
tion of o). In the Bulan (2005) decomposition, the component aftl EM is much more strongly
correlated with o;; than BgtAP M 4 oFTSE " The terms afthM and ,BZ%AP My oFTSE are pos-
itively correlated, but the coefficient is relatively low; suggesting that each measure contains
some unique information. The Bloom, Bond and VanReenen (2007) components have roughly
similar correlations with o;;; with the correlation between o; ; and ait being the strongest, and
the correlation between o;; and o; being the weakest. The measure BZ%AP M-y af TSE has a
stronger correlation with the controls for firm specific levels of uncertainty o; and o, than it
does with the common time varying measure of market wide uncertainty o;; suggesting that
ﬁ%APM N

oF'TSE likely incorporates a significant amount of information relating market wide

uncertainty in of 79 to individual firms.

[Table 1 Here]
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4.3 Results

Tables 2 through 5 below present results from including the Bulan (2005) and Bloom, Bond
and VanReenen (2007) components of o;; in estimates of the error correction and average g
specifications. Firm specific components of o;; had the most significant effect in estimates of
both investment specifications, which is consistent with the findings in Bulan (2005) and Bloom,
Bond and VanReenen (2007). Whereas in Bulan (2005) market uncertainty was found to have
no significant effect when included on its own in estimates of average q specifications, estimates
of error correction specifications in this section implied a marginally significant negative effect
of terms in 5%413 My af TSE Ay; ¢ on investment behaviour.® Coefficients on the same terms
were insignificant in estimates of the average q specification in this section. Coefficients on lin-

ear terms in market uncertainty were insignificant in estimates of both investment specifications.

With regards to the Bloom, Bond and VanReenen (2007) components of o;, coefficients were
only significant on terms in o; * Ay;; in the error correction specification. In Bloom Bond and
VanReenen (2007), only coefficients estimated on uncertainty terms in of, * Ay;; were signif-
icant in the error specification. However, results presented here are not inconsistent with the
latter findings, in so far as firm specific components (captured either in o; or aff’t) are most
important for the decision to delay investment responses to changes in demand. Coefficients
estimated on these components of o;; * Ay;; were insignificant in estimates of the average Q
specification; which is not of great surprise given that coefficients estimated on o * Ay; ; were

only marginally significant in estimates of average q specifications presented in Chapter 1.

Differences in coefficients estimated on the various components of o;; * Ay;; between esti-
mates of error correction and average q specifications emphasize the importance of comparing
effects of uncertainty across estimates of alternative investment specifications. Estimates of
average ( investment specifications are not very informative of the relative importance of firm
specific and market level uncertainty to investment behaviour. Although coefficients estimated
on o;; * Ay;; are significant in estimates of both investment specifications, the significance of

coefficients estimated on uncertainty terms in the error correction specification is much less

3However these coefficients became insignificant in estimates of the error correction specification, when controls

for effects of 05 JRM are introduced to the specification
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sensitive to the decomposition of o; ;.

Table 2 below presents System GMM estimates of the error correction specification including

/BCAPM FTSE FIRM

terms in o; ¢, and O'F IRM 4 The results support o; as the most informative

measure in controlling for effects of uncertainty on investment. Column 1 presents estimates of
the error correction specification from Chapter 1, which includes linear and sales growth inter-

action terms in o5 to control for effects of uncertainty. Column 2 decomposes terms in o;; into

terms in BEAPM x o TSE and oFIRM . Coefficients estimated on the 6 uncertainty terms in Col-

umn 2 are of low significance (with the exception of the coefficient on O'F ! RM ). The hypothesis
that coefficients on the two uncertainty-sales growth interaction terms are jointly insignificant,
can only be marginally accepted at the 10% level based on a p-value of 0.12 from a Wald test of

the linear hypothesis. Similarly, a Wald test marginally accepts the hypothesis that coefficients

FIRM FIRM

on the two linear uncertainty terms Aa and o;; 7" are jointly insignificant based on a

p-value of 0.12. A Wald test of the hypothesis that coeflicients on the terms A(B%AP Myof TSEy

FTSE

* g/ 7" are jointly insignificant yields a p-value of 0.39. Of the 6 coefficients on

CAPM
and (7,74

ﬁCAPM FTSE) and BCAPM FTSE

uncertainty terms in Column 2, those estimated on A( * 0

appear to be least significant. Column 3 excludes linear terms in @CtAP M gFTSE As a re-

sult of dropping these terms from the specification in Column 2, the negative coefficient on

FIRM

O'Z-F7tI RM y Ay, .+ becomes significant in Column 3. The hypothesis that coefficients on Ao—

and O’F ! RM terms are jointly insignificant in Column 3 is not rejected based on a p-value of 0.17.
Whereas the coefficient on BCAP My oFTSE Ay, ¢+ is insignificant in Column 3, estimates of the

error correction specification in Column 4 - which only includes linear and interaction terms in

,BCAPM tFTSE

- suggest that coefficients estimated on ﬁgtAP My of TSE

* Ay; ¢ can capture
negative interaction effects between uncertainty and sales growth. However, the results in Col-

, does not contain

umn 3 suggest that market volatility, as controlled for by ﬁgtAP My of TSE

any additional information not already controlled for by terms in thl RM  Column 5 presents

estimates of the error correction specification which only include terms in oF TRM — Comparing

FIRM

* Ay;; in Column 4, and on o;

coefficients on BEAPM « gFTSE

* Ay;; in Column 5, the
coefficient on the latter term is more significant and closer to the coefficient on o;; * Ay;; in

Column 1.

“Instruments are based on the preferred System GMM instrument sets from Chapter 1.
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[TABLE 2 HERE]

Table 3 below presents System GMM estimation results from including terms in o5 ¢, B%AP My

FIRM

oFTSE and o in estimates of the average q specification.® As in the case of the results

presented in Table 2 for the error correction specification, the alFtI RM component of 0it Was

CAPM

more informative than 3;7 of TSE. However, unlike in the case of the error correction

O'tFTSE

specification in Column 4 of Table 2, coefficients estimated on terms in BEAP My * Ay ¢

showed no evidence of lower investment responses to demand at higher levels of market uncer-

tainty.

Column 1 of Table 3 presents results from Chapter 1, which included only terms in o;; in

estimates of the average q specification, on which marginally significant, negative coefficients

CAPM * O'fTSE

are estimated on o;; * Ay; ;. Column 2 decomposes terms in o;; into 37 and
b

O'ZFtI RM Gimilar to the case of the error correction specification, coefficients on the 6 uncer-

tainty terms are individually insignificant in Column 2. A Wald test does not reject the linear

hypothesis that coefficients on the two uncertainty-sales growth interaction terms are jointly

insignificant, based on a p-value of 0.31. The two hypotheses that coefficients on Aaftl RM and

FIRM
Ot

7" are jointly insignificant, and that coefficients on A(

CAPM , FTSE CAPM , FTSE
/Bi,t *0} ) and /Bi,t—l *0p

are jointly insignificant are not rejected by Wald tests based on p-values of 0.63 and 0.84 re-

o TSE from the specification

spectively. Column 3 of Table 3 drops linear terms in BftAP M

in Column 2, following Table 2 above. As a result of dropping the latter uncertainty terms the

FIRM

negative coeflicient estimated on o * Ay;  becomes marginally significant, and is of similar

magnitude to the coefficient estimated on o; ; * Ay; ; in Column 1 of Table 3. Column 4 includes

only linear and sales growth interaction terms in BﬁAP My gFTSE

in estimates of the average q
specification; on which all coefficients are individually insignificant. A Wald test does not reject
the hypothesis that coefficients on all uncertainty terms in Column 4 are jointly insignificant

based on a p-value of 0.58. The hypothesis that coefficients on linear uncertainty terms in

Column 4 are jointly insignificant is not rejected by a Wald test either, based on a p-value of

5As in Table 2 above, System GMM instrument sets are based on preferred instruments sets from Chapter 1.
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0.64. Column 5 presents estimates of the average q specification which only includes terms in
aftl RM. of which a significant and negative coefficient is only estimated on crf tI RM Ay;¢. The

coefficient on the latter term is similar in magnitude to those in Columns 1 and 3.

[TABLE 3 HERE]

Tables 4 and 5 below present results from decomposing the uncertainty sales growth inter-
action term, as in Bloom, Bond and VanReenen (2007), in estimates of the error correction and
average ( specifications. Significant coefficients on sales growth interaction terms between the
components of ¢;; were only found in estimates of the error correction specification. Whereas
significant negative coefficients are estimated on o;; * Ay; ; in the average q specification, when
this term is decomposed according to Bloom, Bond and VanReenen (2007), coefficients estimated
on the individual components are insignificant. Estimates of error correction specifications sug-
gests that firm specific components of uncertainty are most informative of decisions to delay
investment responses to changes in demand. In Bloom, Bond and VanReenen (2007) relevant
firm specific uncertainties were captured by the residual term o5 1 whereas in results presented
here firm specific components of uncertainty o; were most informative in uncertainty sales
growth interaction terms. Differences in coefficients estimated on the components of o;; * Ay; ;
between the error correction and average q specification highlight the importance of comparing

results across estimates of alternative investment specifications.

Table 4 below presents estimates of the error correction specification, decomposing the uncer-
tainty sales growth interaction term according to Bloom, Bond and VanReenen (2007). Column
1 presents the results from Column 1 of Table 2, in which uncertainty is controlled for using
linear and sales growth interaction terms in o;;. Column 2 decomposes the uncertainty sales
growth interaction term into oy * Ay, o x Ay and o; * Ay; . The coeflicient estimated
on o; * Ay, is largest in magnitude and the only coefficient that is significant (of those esti-
mated on uncertainty sales growth interaction terms). A Wald test only marginally accepts
the hypothesis that coefficients estimated on all uncertainty-sales growth interaction terms are

jointly insignificant based on a p-value of 0.11. Similarly the hypothesis that coefficients on
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o5, x Ayiy and oy x Ay are jointly insignificant is only marginally accepted by a Wald test
based on a p-value of 0.11. Column 3 retains only the sales growth interaction term of, * Ayt
from Column 2; the coefficient on which remains insignificant. Column 4 includes only the sales
growth interaction term oy * Ay; ¢, on which the coefficient remains insignificant from Column 2.
Column 5 includes the sales growth interaction term o; * Ay; , on which the coefficient remains
negative and strongly significant from Column 2. Coefficients on respective uncertainty sales

growth interaction terms remain almost identical in magnitude across Columns 3, 4 and 5 of

Table 4.

[TABLE 4 HERE]

Table 5 below presents a similar set of results to those in Table 4, but for the average q
specification. Coefficients estimated on the components of the uncertainty sales growth inter-
action terms are statistically insignificant across the Columns of Table 5. Column 1 presents
the specification in Column 1 of Table 3, in which uncertainty is controlled for by linear and
sales growth interaction terms in 0; ;. Column 2 decomposes the sales growth interaction term
into the individual components oy, * Ayit, op ¥ Ay and o; * Ay; 4, coefficient on all of which
are individually insignificant. A Wald test does not reject the hypothesis that coefficients on
uncertainty-sales growth interaction terms are jointly insignificant based on a p-value of 0.39.
Similarly a Wald test does not reject the hypothesis that coefficients on of , * Ay; ¢ and oy * Ay;
are jointly insignificant based on a p-value of 0.28. Columns 3 through 5, individually include
each of the components as controls for lower investment responses to changes in demand at
higher levels of uncertainty, however estimated coefficients on these terms remain statistically

insignificant throughout Columns 3, 4 and 5.

[TABLE 5 HERE]
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4.4 Conclusion

Results presented in this section evaluated the effects of different components of o;; in esti-
mates of error correction and average q investment specifications. The decomposition of o;
followed two approaches: (i) from Bulan (2005) based on the structure of a CAPM model for
daily returns; and (ii) from Bloom, Bond and VanReenen (2007) based on time invariant firms
specific, common market wide and idiosyncratic residual components of o; . Results obtained
from estimating error correction and average q specifications, using both sets of components,
implied that firm specific, idiosyncratic information contained in ¢;; was most informative of

investment decisions of firms; which is consistent with previous findings®.

Volatility in market returns, correlated to firm returns, as described by B%AP M-y thTS E

con-
structed following Bulan (2005)) was marginally informative of investment behaviour, when
used as the sole proxy of uncertainty in the error correction specification. This is an interesting
result relative to the analysis of Chapter 3, which found no significant effects of BELAP M terms
in the error correction specification. Although B,L-C:tAP M terms may have been uninformative
of variation in user costs of capital across firms (contrary to the predictions of the CAPM)
the information contained in the term was informative of firm specific effects of common mar-
ket wide volatility /uncertainty captured by of7F. This could be related to the restrictive
assumption of a constant market risk premium in the analysis of Chapter 3, which included
only linear terms in ﬁftAP M to control for systematic investor risk premiums in the CAPM.
If the market risk premium was not constant over time, and was higher in years with larger

FTSE ¢ould have been controlling for variation across years in the

volatility in market returns, o
market risk premium, increasing the significance of B&AP M 4 gFTSE to investment decisions.
Furthermore, this measure of market volatility /uncertainty that is relevant for firm volatil-
ity/ uncertainty was more informative than o; - the component of Oit that represented market
wide uncertainty in Bloom, Bond and VanReenen (2007). This may be due to the possibility

that adjusting for aspects of market volatility that are relevant for the firm, with /BiCtAP M s im-

portant in controlling for market wide uncertainty that impacts firm level investment behaviour.

SNamely Bulan(2005) and Bloom, Bond and VanReenen (2007)
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Contrasts between coefficients estimated on the various uncertainty components in error cor-
rection and average q specifications in this Chapter highlight the potential of uncovering ad-
ditional information by estimating alternative investment specifications. Significant effects of
ﬁ%“P My UZFJSTSE discussed in the previous paragraph could have been overlooked if the error

correction specification was not estimated with this UK data set, and the analysis was based

exclusively on estimates of the average q specification.
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4.5 Tables of Results

Table 1
Correlations
Correlation Between Uncertainty Measures
it BCAPN , GFTSE oFTRIM 0; 0 ot

Tit 1.000

Bulan (2005) Measures
BEAPM s o TSE0.418 1.000
oM 0.983 0.254 1.000

Bloom, Bond and VanReenen (2007) Measures
oy 0.425 0.058 0.436 1.000
o 0.564 0.319 0.543 -0.081 1.000
o5y 0.664 0.235 0.660 -0.000 -0.015 1.000
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Table 2

Error Correction Investment Specification - Bulan (2005) Decomposition

M) @) 3) @) )
Akiy Ak Ak Ak;y Ak
Akip—q -.116 -.120 -.115 -.109 -.124
(.131) (.127) (.131) (.106) (.131)
Ayii—1 .078 .064 .079 .081 .075
(.051) (.053) (.051) (.050) (.051)
Ui,t * Ayi,t —207
(.093)**
BEAPM y gFTSE y« Ay, 4 -.129 -.160 -.492
' (.390) (.396) (:291)*
oFIEM Ay, -.176 -.184 -.210
' (.120) (.110)* (.096)**
Ayt 715 .709 117 518 .720
(173)*** (-181)*** (.175)*** (:139)*** (.170)***
(kit—1 — Yit—1) -.049 -.058 -.052 -.074 -.050
(.028)* (.030)* (.029)* (.030)** (.028)*
Aoy -.030
(.018)*
Oit—1 -.029
(.018)
A(BIAPM s o TSE) -.0003 -.021
(.042) (.034)
BEATM s gFLSE .054 -.009
' (.047) (.035)
AoFIRM -.025 -.029 -.029
i (.022) (.020) (.020)
oM -.049 -.031 -.032
(.024)** (.019) (.020)
Sargan/Hansen .397 .406 .369 311 4
DoF 133 130 132 133 133
ARI1 -2.985 -3.006 -2.987 -3.491 -2.948
AR2 -1.424 -1.481 -1.464 -1.797 -1.48
AR3 -.121 -.237 -.142 .068 -.162
AR4 .589 752 .647 .582 .659
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kz’,t—l — yi,t_l) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot x Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k 4 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A2y t-2:£-2 t-2:t-2 t-2:4-2 t-2:t-2
A(kig—1— Yit—1)
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A(oip % Ayiyg) t-2:t-2 t-2:¢-2 t-2:t-2 t-2:¢-2

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in
each column.
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Table 3
Average Q Investment Specification - Bulan (2005) Decomposition

(1) 2) (3) 4) (5)
it Ti Ti Ti Ti
Kt Kt Kt Kt Kt
II(‘—: -.015 -.003 -.019 -.037 -.019
(.103) (.102) (.102) (.096) (.103)
Ay; 1 .033 .025 .036 .038 .035
(.043) (.043) (.042) (.044) (.042)
Ot * Ayi,t -.107
(.063)*
BEAPM 5 o TSE « Ay, -.005 024 -176
’ (.283) (.281) (.259)
oFIEM Ny -.098 -.109 -.107
’ (.067) (.063)* (.062)*
Ayiy 415 394 410 308 411
(.128)** (.145)** (.138)** (118)*** (124)**
Qi .020 .020 .019 .021 .019
(.005)*** (.005)*** (.005)*** (.005)*** (.005)***
Aoy -.012
(.015)
G‘i’f,71 —017
(.013)
A(BEAPM 4 g'TSE) -.018 -.013
' (.031) (:028)
BEAPM s gFLSE -.011 -.024
' (.028) (.026)
AgllRM -.008 -.013 -.013
' (.014) (.015) (.015)
ol IRM -.016 -.019 -.019
' (.016) (.015) (.015)
Sargan/Hansen 734 734 711 499 727
DoF 147 144 146 147 147
ARI1 -4.528 -4.598 -4.543 -4.52 -4.512
AR2 -.709 -.604 -.762 -.93 -.755
AR3 -.262 -.266 -.263 -.056 -.266
AR4 .953 971 957 .894 .965
Instruments For Equations in First Differences
o t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot ¥ Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
o £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2
A2y, t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AQiy t-2:t-2 t-2:t-2 t-2:8-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aois * Ayit) t-2:-2 t-2:t-2 t-2:t-2 t-2:t-2

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in
each column. 213



Table 4

Error Correction Investment Specification - BBVR (2007) Decomposition

(1) 2) () (4) (5)
Ak Ak Ak AV Ak
Aki—1 -.116 -.113 -.162 -.199 -.142
(.131) (.129) (.120) (117)* (.116)
Ayit—1 .078 .073 .074 .080 .062
(.051) (.050) (.052) (.052) (.051)
ai,t * Ayi,t -.207
(.093)**
Tis * Aig -.143 132
’ (.130) (.131)
o * Ay g -.230 -.225
(.310) (.280)
a; * Ath -.344 -.391
(.184)* (.193)**
Ayt 715 1.003 .385 .268 1.263
(.173)%* (.465)** (.095)*** (.192) (.421)%**
(kit—1 — Yit—1) -.049 -.053 -.056 -.060 -.069
(.028)* (.029)* (.030)* (.030)** (.028)**
Aoy -.030 -.028 -.034 -.033 -.026
(.018)* (.018) (.018)* (.019)* (.018)
Oii—1 -.029 -.027 -.040 -.045 -.028
(.018) (.018) (.017)** (.017)*** (.017)*
Sargan/Hansen 397 .352 341 .307 .366
DoF 133 131 133 133 133
ARI1 -2.985 -2.949 -2.979 -2.823 -3.216
AR2 -1.424 -1.447 -1.738 -2.098 -1.707
AR3 -.121 -.227 .057 -.082 -.252
AR4 .589 .61 .57 507 707
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit—1 — Yit—1) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
oit* Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k t-2:t-2 t-2:t-2 t-2:4-2 t-2:t-2 t-2:4-2
A2y, t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:-2
A(kii—1 — Yie—1)
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Ao % Ayiyg) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
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Table 5
Average Q Investment Specification - BBVR (2007) Decomposition

(1) (2) (3) (4) (5)
Tt Ti ¢ T+ T+ T+
Kt Kt Kt Kt Kt
% -.015 -.009 -.037 -.038 -.019
' (-103) (-103) (.104) (.105) (.105)
Ayit—1 .033 .031 .038 .034 .035
(.043) (.044) (.043) (.045) (.043)
ai,t * Ayi,t -.107
(.063)*
o x Ayiy -.060 -.053
’ (.086) (.085)
o x Ay -.183 -.131
(172) (.178)
a; * Ath -.179 -.175
(.131) (.136)
Ayt 415 .535 227 .166 .625
(-128)*** (.286)* (.077)*** (.124) (.298)**
Qi .020 .021 .019 .019 .020
(.005)*** (.005)*** (.005)*** (.005)*** (.005)***
Aoy -.012 -.011 -.015 -.017 -.011
(.015) (.016) (.014) (.015) (.016)
O t—1 -.017 -.015 -.025 -.028 -.015
(.013) (.017) (.013)** (.013)** (.017)
Sargan/Hansen 734 .802 .622 .662 732
DoF 147 145 147 147 147
AR1 -4.528 -4.452 -4.363 -4.316 -4.409
AR2 -.709 -.679 -.845 -.839 -.697
AR3 -.262 -.355 - 111 -.219 -.225
AR4 .953 .943 .869 197 .946
Instruments For Equations in First Differences
L t-3:t-4 £-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot * Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
AL £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2 £-2:t-2
A2y t-2:t-2 t-2:t-2 t-2:-2 t-2:-2 t-2:4-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aois * Ayit) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
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Chapter 5

Effects of Uncertainty Proxies Based
on I/B/E/S Analysts’ Forecasts of
Earnings per Share in Estimates of
Error Correction and Average Q)

Specifications

5.1 Introduction

In Chapters 1, 3 and 4 investigations into relationships between firm investment and uncer-
tainty relied on a measure for uncertainty based on within year volatility of a firm’s daily stock
returns. This approach followed previous empirical literature which relied on similar stock re-
turn based proxies '. This Chapter compares effects implied by coefficients estimated on stock
return volatility measures of uncertainty and measures based on volatility of I/B/E/S securities
analysts’ forecasts of earnings per share in estimates of error correction and average q invest-
ment specifications. This comparison is motivated by Bond and Cummins (2004) which found
that in estimates of firm level investment specifications with US data, stock return volatility

based uncertainty proxies contained information that was most relevant to uncertainty-sales

'Leahy and Whited (1996), Bloom Bond and Van Reenen (2007) and Bulan (2005)

216



growth interaction effects; whereas uncertainty measures based on securities analysts’ forecasts
were most informative about linear effects of uncertainty. Results presented in this chapter -
based on a UK data set - also suggest that stock return volatility is more informative about
uncertainty-sales growth interaction effects; while proxies based on I/B/E/S securities analysts’
forecast data were better controls for linear effects of uncertainty on investment. Information
contained in each proxy appears to be related to investment in different ways, as using the
I/B/E/S proxies did not detect any effects of uncertainty on investment responses to demand,
and stock return volatility is not very informative about linear effects of uncertainty uncovered
with the I/B/E/S proxies. Investment specifications which included the preferred stock return
volatility uncertainty-sales growth interaction terms and the preferred linear I/B/E/S terms
suggested that the latter are much more important in describing firm investment behaviour.
Coefficients estimated on interaction terms between sales growth and stock return volatility
based uncertainty measures become insignificant in investment specifications which included

the I/B/E/S uncertainty proxies calculated with the UK data set.

Using a panel data set of 946 publicly traded US firms over the period 1982-1999 Bond and
Cummins (2004) estimate an investment specification based on average ¢, comparing effects
of stock return volatility based measures of firm level uncertainty to effects captured by in-
dicators of uncertainty based on security analysts’ forecasts of earnings per share recorded in
the I/B/E/S data base. The stock return volatility measure of firm uncertainty from Bond and
Cummins (2004) is calculated in the same way as the measure o;; in Chapters 1, 3 and 4: within
year standard deviation of a firm’s daily stock returns. The two I/B/E/S uncertainty proxies in
Bond and Cummins (2004) are based on () dispersion in analysts forecasts of earnings per share
over an accounting period, calculated as the coefficient of variation across different security an-
alysts’ forecasts made at the beginning of the accounting period; and (i7) the variance of errors
in forecasts of earnings per share, calculated as a weighted sum of squared differences between
beginning of period consensus forecasts? and realized values of earnings per share at the end of
the accounting periods. These proxies are denoted by DISPF;; and ERR,; ; respectively in Bond
and Cummins (2004). Including these proxies individually in an investment specification based

on controls for average q, the authors found that coefficients estimated on each proxy described

2Un-weighted mean of security analysts’ forecasts
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negative linear effects of uncertainty on the investment rate. However, when all the proxies were
jointly included in the investment specification, the authors found that the dispersion measure
best described linear effects of uncertainty on investment; whereas lower investment responses
to demand shocks were best captured by coefficients estimated on interaction terms between
sales growth and the proxy based on within year volatility of daily stock returns. The preferred
specification presented in Bond and Cummins (2004) included sales growth interaction terms
with the stock return volatility measure, and linear terms in DISP;;, coefficients on both of

which were significant and negative.?

Although a measure similar to DISP;; was calculated for the data set of UK firms used in
Chapters 1, 3 and 4, there were only a limited number of firms for which multiple analysts made
consecutive forecasts of earnings per share at the beginning of accounting periods throughout
the data set; and for which the dispersion measure could be calculated. Unfortunately there
were not sufficient firm year observations in this subset to produce reliable estimates of in-
vestment specifications which were consistent with those obtained with the full data set from
Chapter 1. There is substantially greater coverage of US firms by securities analysts in the
I/B/E/S data set, with which Bond and Cummins (2004) were able to construct their measures

DISP;; and ERR;; for a larger data set of firms.

Using monthly analysts’ forecasts of firms’ earnings per share, two new measures of within
year firm level uncertainty have been constructed for the full sample of UK firms in the data
set from Chapter 1: (i) REV;; the within year coefficient of variation of monthly average
(consensus)?* forecasts of firm i’s end of period earnings per share, made within an accounting
period (t); and (i1) RANGE;; the difference between the highest and lowest monthly consensus
forecasts divided by the absolute value of their mean over the accounting period. Unlike the
DISP;; proxy constructed in Bond and Cummins (2004), which is based on discrepancies of
forecasts made by different analysts at a single point in time, REV;; and RANGE;; are based

on within year volatility of monthly consensus (average) forecasts of security analysts. Results

3In their results, negative interaction effects with sales growth terms (consistent with the predictions of
investment models with real options) were only found using interaction terms with the uncertainty proxy based
on within year volatility of daily stock returns.

4Where a single firm is covered by multiple analysts, a simple average of analysts’ forecasts is used as the
consensus forecast for that month.
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from estimating investment specifications which include uncertainty proxies such as REV; ; and

RANGE;; have not previously been published.?

This chapter presents estimation results of error correction and average q specifications, which
include both linear terms and non-linear sales growth interaction terms, in RE'V; ; and RANGE; ;.
In Chapter 1, estimates of these two investment specifications contained significant negative
coefficients on uncertainty-sales growth interaction terms and only marginally significant coef-
ficients on linear uncertainty terms. In contrast using only the I/B/E/S proxies to control for
effects of uncertainty results in strongly significant coefficients on linear uncertainty terms, and
insignificant coefficients on uncertainty sales growth interaction terms. Comparing the I/B/E/S
and stock return volatility proxies within specifications which include only linear or sales growth
interaction uncertainty terms suggests that the two types of proxies contain different informa-

tion and control for different effects of uncertainty on investment behaviour.

Unlike in the results presented by Bond and Cummins (2004), it is very difficult to capture
both linear and sales growth interaction effects of uncertainty using stock return volatility and
I/B/E/S proxies within the same investment specification. In estimates of both the error cor-
rection and average q specification which included sales growth interaction terms with stock
return volatility measures (o; ¢ * Ay; ;) and linear I/B/E/S terms, only coefficients on the latter
were significant. Although these results contrast those presented for a much larger data set of
US firms in Bond and Cummins (2004), the uncertainty measures DISP;; and ERR;; are very
different from the measures REV;; and RANGE;; used in the current Chapter. The results
presented here suggest that - compared to the proxy o;; based on volatility in daily stock re-
turns - the measures REV; ; and RANGE;; are much more informative of effects of uncertainty

on firm level investment behaviour.

®The author would like to thank Steve Bond (Nuffield College Oxford), Alexander Klemm (Institute for Fiscal
Studies), Rain Newton-Smith (The Bank of England), Muratza Syed (Institute of Fiscal Studies) and Gertjan
Vlieghe (Bank of England and London School of Economics) for their work in Bond et al (2004) in which I/B/E/S
data on security analysts’ forecasts of earnings per share for UK listed companies was merged with a data set of
UK firms from DATASTREAM as part of a joint Bank of England and IFS project to investigate the roles of
expected profitability, Tobin’s Q and cash flow in estimates of firm level investment specifications. The author
would also like to thank Steve Bond (Nuffield College Oxford), Richhild Moessner (The Bank of England), Haroon
Mumtaz (The Bank of England) and Murtaza Syed (The International Monetary Fund) for their work in the
preliminary development of versions of programs used to construct the I/B/E/S uncertainty measures DISP; ¢,
REV;; and RANGE;  in the Bond et al. (2004) data set. These programs were extensively checked and reviewed
in the course of calculating variables used in estimation results presented in this Chapter.
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Whereas coefficients estimated on stock return volatility uncertainty terms differed between
error correction and average q specifications in Chapter 1, coefficients on more informative
I/B/E/S uncertainty measures are very similar across estimates of the two investment specifica-
tions. Coefficients estimated on linear I/B/E/S uncertainty measures were highly significant in
estimates of both error correction and average q specifications, and their respective magnitudes
were within one standard deviation of each other. By contrasts coefficients estimated on stock
return volatility - sales growth interaction terms were marginally insignificant in the average q
specification and substantially smaller in magnitude relative to more significant corresponding

coefficients in estimates of the error correction specification.
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5.2 Alternative Uncertainty Measures

One of the main obstacles in the empirical literature on firm level investment uncertainty re-
lationships is to construct empirical indicators that summarize uncertainty over the expected
profitability of investment, and/or act as counterparts to the concepts of uncertainty in the-
oretical models of firm investment. In the class of theoretical investment models discussed in
the literature review in Chapter 1, uncertainty is represented by volatility in stochastic out-
put prices or stochastic components of demand/productivity functions, obeying some type of
Brownian motion. Generally, the class of models developed in Dixit and Pyndick (1994) and
Abel and Eberly (1996) only allow for a single productivity, demand or price index to vary over
time. Investment uncertainty relationships described by the latter class of theoretical models
are governed by the functional relationships between marginal revenue products of capital and
the specific variable that varies over time. In the models of Hartman (1972) and Abel (1983),
whether the marginal revenue product of capital is concave or convex, with respect to the
stochastic variable, wholly determines whether the effect of greater volatility in the stochastic
variable has a negative or positive effect on the desired level of the capital stock. Concepts
of uncertainty represented in such theoretical models (in the form of volatility in demand or
productivity) have no empirically observable counterpart. Moreover, the investment decisions of
firms in the real world are made facing joint uncertainty over demand, productivity, production
and financing costs, as well as tax, regulatory and political environments. Whether investigat-
ing general empirical relationships between investment and uncertainty over firm returns, or the
specific predictions of theoretical models, it is unlikely for a single empirically observable mea-
sure to either (i) summarize all uncertainties over expected operating environments and profits
that are relevant to the investment decisions of firms, or (ii) fully represent concepts of uncer-
tainty specified in theoretical models. Thus it is important in empirical research to compare
results obtained by using alternative uncertainty measures, each of which may be additionally

informative about particular uncertainties relevant to the investment decisions of firms.

Information contained in uncertainty proxies based on within year stock return volatility may
differ from the I/B/E/S indicators of uncertainty due to the fact that high frequency daily stock

returns could contain information that is not captured with measures based on lower frequency
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data on monthly observations on analysts’ forecasts. Alternatively, there is evidence to suggest
that stock returns can exhibit excessive volatility, that cannot be attributed to changes in in-
formation about the fundamental profitability of a firm or its future dividend payout: Shiller
(1981) describes how ”...measures of stock price volatility over the past century appear to be far
too high - five to thirteen times too high - to be attributed to new information about future real
dividends...”. Despite a potential disconnect between volatility in share prices and volatility in
the conditions of a firm’s real operating market, uncertainty in share prices can have very real
consequences on a firm’s financing costs. Moreover, a lack of market confidence in the prospects
of a firm, captured by volatility in stock returns, could have a strong influence on a firm’s
investment decisions. Such effects may not be easily described with data on securities analysts’
forecasts. Comparing effects of uncertainty captured by stock return based proxies and those
captured by alternative measures can be informative of how different information contained in

each measure is related to investment behaviour.

The Institutional Brokers’ Estimate System (I/B/E/S) (now owned by Thomson Reuters) was
founded by the New York brokerage firm Lynch, Jones & Ryan. The I/B/E/S database contains
securities analysts’ forecasted earnings for U.S. companies going back to 1976 and for interna-
tional companies going back to 1987. The database incorporates raw data reported by securities
analysts to calculate several time series of earnings projections of each company, including sev-
eral short run forecasts as well as long run trends. In cases when several analysts provide data
on the same firm, I/B/E/S reports individual as well as average - consensus - forecast measures.
The I/B/E/S database covers over 45,000 companies in 70 markets, it is provided to over 50,000
institutional money manager as clients. More than 700 firms contribute data to I/B/E/S, from

the largest global houses to regional and local brokers.5

Bond and Cummins (2004) found that two measures of uncertainty based on I/B/E/S se-
curity analysts’ forecasts of earnings per share: DISP;; and ERR;;, were positively correlated
with each other as well as with a proxy based on within year volatility of daily stock returns.
However, OLS regressions of one proxy on the others yielded very poor fits. This implies that

the different proxies likely contain separate information on uncertainty that may be more or

Shttp : / /thomsonreuters.com/productsservices/ financial / financial,roducts/products,z/ibes
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less relevant to firm investment decisions - or relevant in different ways. This conjecture was
further supported by their findings that short run and long run effects of uncertainty were best
described by measures based on volatility in daily stock returns and disagreement in analysts’
forecasts, respectively.” Uncertainty described in theoretical models - or considered relevant by
managers making investment decisions - will not likely be summarized by a single measure. Dif-
ferent indicators may be particularly informative about uncertainties that have different effects
on investment behaviour of firms: one proxy may be more informative for valuing real options,
whereas another measure may summarize uncertainties relevant to risk premia in required rates
of return. In the findings of Bond and Cummins (2004) DISP,;; was most informative about
linear effects of uncertainty in their investment specification - impacting long run desired levels
of capital; whereas volatility in stock returns best described non-linear effects on short run in-

vestment dynamics through uncertainty sales growth interaction terms.

The uncertainty term labeled DISP;; in Bond and Cummins(2004) is based on disagreement
among different securities analysts tracked by I/B/E/S, forecasting end of period profits for the
same firm, at the beginning of the accounting period.® As this measure requires forecasts from
multiple analysts for every firm year observation to identify uncertainty over expected profits,
its use can be limiting on the number of firms for which there is sufficient forecasts data. Unfor-
tunately this is a serious limitation in the UK data set. The minimum amount of information
required to construct the DISP;; proxy for uncertainty is only available for a subset of the
UK data set, for which at least 2 securities analysts made beginning of period forecasts for
end of period earnings per share. This sub-sample has only 58% of the firm year observations
available in the full sample. In this small sub-sample it was not possible to obtain satisfactory
estimates of baseline investment specifications that were consistent with full sample estimates.
An opportunity for future research would be to compare results from using uncertainty terms
based on within year volatility of earnings per share forecasts (REV;; and RANGE; ) with

indicators based on disagreement between forecasters at specific points in time (DISP; ;).

"The proxy based on squared forecast errors, described negative effects of uncertainty (similar to those de-
scribed by other uncertainty proxies) when individually included in the investment specification; however, this
measure was un-informative when included jointly in the investment specification with any of the other proxies.

8In their paper this proxy is constructed as the coefficient of variation across analysts in the forecasts of
earnings per share made at a single point in time, for the end of the given accounting period
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With regards to DISP;; as a proxy for uncertainty, although it is likely that greater cer-
tainty over future profits would lead to more agreement in analysts’ forecasts, it is less clear
that greater uncertainty would translate into greater disagreement. Differences in forecasts may
arise due to availability of information and also the way in which that information is processed
into forecasted profits. It is possible to have similar forecasts of earnings per share despite
highly uncertain future profits if analysts have access to the same information and use similar
methods to construct their forecasts. However, Bond and Cummins (2004) note that the extent
to which differences in forecasts reflect differences in the way analysts process the same infor-
mation could be indicative of uncertainty about the correct process of generating future profits

from the perspective of firms.

It is important to note that recent literature has indicated that disagreement or dispersion
of investor beliefs in stock returns may be related to investment decisions beyond information
that reflects uncertainty over firm profitability. Disagreement between analysts may have real
impacts on the pricing of stocks and on firm behaviour that is distinct from effects of uncertainty
emphasized in Bond and Cummins (2004); and may or may not be captured in measures such
as DISP; ;. Gilchrist, Himmelberg and Huberman (2005) develops a model in which increases
in the dispersion of investor beliefs under short-selling constraints predict a bubble or a rise in a
stock’s price above its fundamental value. The model predicts that managers respond to bub-
bles by issuing new equity and increasing capital expenditures. The predictions of this model
are evaluated using the variance of analysts’ earnings forecasts as a proxy for the dispersion
of investor beliefs to identify the bubble component in Tobin’s Q. Gilchrist, Himmelberg and
Huberman (2005) compare firms traded on the New York Stock Exchange and those traded on
NASDAQ), finding that the model successfully captures key features of the technology boom of
the 1990s. In a panel data set it is found that orthogonalized shocks to dispersion of investor
beliefs have positive and statistically significant effects on Tobin’s Q, net equity issuance, and

real investment.

Sadka and Scherbina (2007) documents a close link between mis-pricing and liquidity by in-

vestigating stocks with high analyst disagreement; noting that previous research finds that such
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stocks tend to be overpriced, but that prices correct downwards as uncertainty about earnings
is resolved. Analysis in Sadka and Scherbina (2007) suggests that the latter mis-pricing per-
sists due to the fact that disagreement in analysts forecasts coincides with high trading costs.
Finding that in the cross-section, less liquid stocks tend to be more severely overpriced. If
disagreement in analysts forecasts leads to an overvaluation in a firm stock, and as suggested
in Gilchrist, Himmelberg and Huberman (2005) managers respond by issuing new equity and
increasing capital expenditures, such effects could oppose negative effects of uncertainty on in-

vestment described by measures such as DISP;; from Bond and Cummins (2004).

The second alternative uncertainty measure calculated in Bond and Cummins (2004) using
the I/B/E/S data, is based on the variance of errors made by securities analysts in forecasting
a firm’s earnings per share in the recent past (ERR; ;). Squared forecast errors are calculated
using the difference between the beginning of period consensus forecasts? and realized earn-
ings per share at the end of the accounting period reported by I/B/E/S. Bond and Cummins
(2004) note that a single value of the squared forecast error in a given period is not infor-
mative about the uncertainty faced by a firm over that period, and thus rely on a variance
measure of forecast errors over several years. However, using too few observations results in
imprecise measures of the variance, and using too many observations produces limited time
series variation in the resulting measure; and could impose continued relevance of past levels
of uncertainty. To overcome these issues Bond and Cummins (2004) include current and past
squared errors as separate variables in their investment specification to allow different weights to
be assigned without imposing any specific pattern to those weights. Due to the limited number

of time series observations in their panel only 2 lags of the squared forecast errors were included.

Relative to the uncertainty measures based on I/B/E/S analysts’ forecasts used in Bond and
Cummins (2004), which rely on data from a single point in time to measure uncertainty over a
given accounting period, the alternative indicators of uncertainty used in this chapter rely on
variation of monthly I/B/E/S forecasts within an accounting period. The first measure REV; ¢

is calculated as the coefficient of variation across all monthly consensus forecasts of end of pe-

9Un-weighted mean of forecasted earnings per share taken across all analysts that made forecasts for a given
firm, as reported by I/B/E/S
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riod earnings per share for firm ¢ in the accounting period ¢. The second alternative measure
used, RANGE;, is the difference between the highest and lowest of these monthly consensus
forecasts for end of period earnings per share, divided by the absolute value of the mean of
monthly consensus forecasts within the accounting period. Unlike the I/B/E/S measures in
Bond and Cummins (2004) REV;; and RANGE; ; do not contain information on disagreement
across different individual analysts’ forecasts. To measure uncertainty faced by a firm REV;;
and RANGUE;; rely on changes in analysts’ consensus forecasts of earnings per share made
every month within a year for a firm’s end of period earnings. Using REV;; and RANGE; ;
to describe the level of uncertainty faced by firms assumes that earnings per share forecasts for
firms facing higher uncertainty are more sensitive to the arrival of new information over time

resulting in greater volatility of consensus forecasts over an accounting period.

The proxies REV;; and RANGE;; should provide a reliable description of the level of un-
certainty over future operating conditions and expected earnings within an accounting period.
The degree of certainty in the expected operating environment and profitability of investments
should clearly be correlated with more stable forecasts of earnings per share; as in more stable
environments the new information revealed to forecasters over the accounting period has little
impact on their expectations and updated forecasts. If forecasts made at the beginning of the
period factored in a wide range of possible outcomes, I.E. uncertainty over expected profitabil-
ity, those forecasts would be frequently revised throughout the period with the arrival of new
information, and with unexpected changes in firms’ operating environments. Stable operating
environments, in which there are no (unforeseeable) drastic changes to the profitability of firms
(causing forecasts to be substantially revised), would be represented by low values of REV; ; and
RANGE;;. These two alternative uncertainty measures constructed with the I/B/E/S data are
closely related to the proxy based on volatility in stock returns. If it were the case that stock
market values only reflect expectations of future revenues/dividends and incorporated constant
discount rates while analysts only made unbiased reports of their best forecasts of expected
future dividends and future profitability - both stock return volatility and the uncertainty mea-
sures based on analysts’ forecasts of earnings per share would follow volatility in firm value

functions. In an empirical data set differences between I/B/E/S and stock return volatility
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proxies would be driven partly by higher frequency and volatility of the daily stock returns
as compared to the monthly analyst forecasts. Comparing the effects of these two uncertainty
indicators could be revealing of information contained in higher frequency stock returns and

how that information relates to firm investment behaviour.

A potential shortfall in the REV;; and RANGE;; proxies lies in the possibility that, over
time, analysts receive little new information regarding a firm facing highly uncertain operating
conditions, which would then not be reflected by REV;; or RANGE;; if the forecasts of earn-
ings per share are not revised. However, this is a rather extreme criticism of these measures. It
would be highly unlikely for a forecast made 12 months prior to the announcement of uncertain
earnings per share to be equally accurate as - and go un-revised up to the time of - a forecast
made 1 month prior to the announcement. The capacities of analysts would have to be very
poor indeed if they could not resolve any uncertainty over a 12 month period leading up to their
forecasted event. It is worth noting that this shortcoming is similar to the issue confronting the
use of DISP;; in Bond and Cummins (2004), which may not identify highly uncertain future
operating conditions if analysts processed uncertain information about firms in similar ways.
Because such issues arises for different reasons in DISP;;, and RANGE;; and REV;; it could
be useful to compare results obtained from using measures based on both disagreement and
within year volatility in analysts’ forecasts. For example: analysts may disagree over the ex-
pected earnings per share of a firm, but receive no new information over the accounting period
that would lead to changes in forecasts, resulting in high values of DISPF;; and low values of
RANGUE;; and REV;;. Table 1 presents correlations between the 4 uncertainty measures o; ,
REV;y, RANGE;; and DISP;; for the sub-sample of firms for which all 4 could be calculated
with the UK data. The measure o;; has a positive correlation with DISP; ; that is only slightly
lower than those between o;; and the other two I/B/E/S measures. Correlations between
DISP;; and the 2 other I/B/E/S measures of uncertainty are much higher than correlations
between the three I/B/E/S indicators and ;. Correlations in Table 1 suggest that although all
three variables are positively correlated, DISP;; likely contains additional information beyond
which can be controlled for using REV;;, RANGE;; or 0;;. Unfortunately, due to issues of

data availability in the current sample, further comparison of these 4 uncertainty measures will
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have to be left open to future research.

[TABLE 1 HERE]

Table 2 below presents time series correlations between annual average values of the I/B/E/S
measure REV;; and measures of perceived uncertainty as well as a measure of capacity utiliza-
tion, which indicates the state of the business cycle, from the CBI Quarterly Industrial Trends
survey.'® The high positive correlation between REV;; and the CBI survey measure of uncer-
tainty suggests that within year volatility in the consensus forecasts of end of period earnings
per share is capturing perceived uncertainty represented in the aggregated CBI survey measure.
Furthermore both measures of uncertainty appear counter-cyclical based on strong negative

correlations with the survey measure of capacity utilization.

[TABLE 2 HERE]

Tables 3 and 4 below demonstrate the differences in information contained in firm-level
measures of uncertainty based on the I/B/E/S data relative to the proxy based on within year
volatility of daily stock returns. Table 4 below presents correlations between the 3 measures
of uncertainty in the full panel data set of UK firms. The uncertainty measure based on stock
return volatility, ;¢ exhibits small but positive correlations with the I/B/E/S indicators of
uncertainty. As one would expect the I/B/E/S proxies have positive correlations close to one.
Table 3 below shows OLS results and R? statistics from regressing the uncertainty measures
on each other, including full sets of year dummies. Column 1 presents results from regressing
RANGE;; on REV;;. Columns 2 and 3 presents results from regressing o;; on RANGE;; and
REV; ; respectively. Similarities in the R? statistics and the squared correlations from Table 4,

demonstrate that the positive correlation coefficients between o;; and the I/B/E/S measures in

10The uncertainty measure from the CBI’s Quarterly Industrial Trends survey is the percentage of firms
reporting that ’uncertainty about demand’ is likely to limit capital expenditure authorizations. The survey
measure of capacity utilization from the CBI’s Quarterly Industrial Trends survey is defined as the percentage
of firms reporting that they operate at full capacity.
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Table 2 are not just attributable to common year effects!!. The lower coefficients of correlation
and R? statistics resulting from regressions of 0;; on the I/B/E/S proxies for uncertainty are
indicative of substantial differences in the information contained in these alternative measures
of uncertainty. Results from these tables suggest that - relative to results presented in Chapter
1 - including the I/B/E/S proxies in estimated investment specifications would make use of
additional information to describe effects of uncertainty over future operating environments on

investment behaviour.

[TABLE 3 HERE]

[TABLE 4 HERE]

"The squared values of the correlation coefficients in Table 3 correspond to R? statistics from OLS regressions
of one variable on the other and a constant.
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5.3 Estimation Results

This section presents results from estimating error correction and average q specifications which
compare the I/B/E/S uncertainty proxies RANGE; ; and REV;; with 0;; (the within year stock
return volatility based measure of uncertainty from Chapters 1, 3 and 4) as controls for the ef-
fects of uncertainty on firm investment. Some aspects of the results presented here are consistent
with the findings of Bond and Cummins (2004) in which I/B/E/S uncertainty measures were
found to be more informative about linear effects of uncertainty, and o;; * Ay;; interaction
terms were useful in detecting weaker investment responses to demand growth at higher levels
of uncertainty. However, when both the preferred linear and non-linear controls for effects of
uncertainty are included in the specification estimated with the UK data set, only coefficients
estimated on linear I/B/E/S terms are significant. Coefficients on the linear I/B/E/S uncer-
tainty measures were highly significant in estimates of both investment specifications, implying

very similar effects of uncertainty.

In the current set of results o; s * Ay; ; terms were found to be more informative than RANGE; ¢
Ay or REV; * Ay; ; terms in estimates of average q and error correction specifications which
exclude controls for linear effects of uncertainty. Strongly significant negative coefficients were
estimated on first difference and lagged level terms in both RANGE;; and REV;;, which are
much more informative of linear effects of uncertainty than terms in o; ;. Unlike in the results of
Bond and Cummings (2004), estimates of investment specifications that include o; ;% Ay, ¢ terms
together with ARANGE;; and RANGE;;—; (or AREV;; and REV;;_;) yield insignificant-
coefficients on uncertainty-sales growth interaction terms. Estimates of the preferred invest-
ment specification in Bond and Cummins (2004) included significant negative coefficients on

oit * Ay terms and on the DISP;; term, constructed with the I/B/E/S data.

Insignificant coefficients estimated on o;; * Ay;; uncertainty sales growth interaction terms
in specifications which include linear I/B/E/S uncertainty terms, bring into question evidence
presented in Chapter 1 which supported lower investment responses to higher levels of uncer-
tainty. On one hand it is possible that significant coefficients estimated on o;; * Ay;; terms

in Chapter 1 proxied for effects that are better captured by linear I/B/E/S terms. Arguably,
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estimates of investment specifications in Chapter 1 (and perhaps other specifications which do
not include terms similar to RANGE;; and REV;;) omit important, informative controls for
a linear effect of uncertainty on firm investment behaviour (perhaps through a risk premium
component in the required rate of return), and could therefore be subject to omitted variable
bias. On the other hand the estimates of the error correction and average q specifications could
look different in a much larger sample. Comparing the data sets in Bond and Cummins (2004)
with the data set used to produce the results in the current chapter, the former is considerably
larger: 946 firms from 1982-1999, compared to 655 firms from 1987-2000. However, Bond and

Cummins (2004) did not use any uncertainty measures similar in nature to RANGE; ; or REV ;.

5.3.1 RANGE,;; and REV;,; in the Error Correction and Average QQ investment

Specifications

Table 5 (below) presents estimation results for the error correction and average q specifications
using the three uncertainty measures o;;, RANGE;; and REV;;. Columns 1 and 4 present the
System GMM estimates!? of the error correction and average q specifications from Chapter 1,
including the linear and sales growth interaction uncertainty terms Aoy ¢, 0;¢—1 and o; ¢ * Ay; ;.
In both specifications significant negative coefficients are estimated on o;; * Ay;; terms. The
coefficient on this term is significant at the 5% level in the error correction specification and
roughly double the magnitude of the same coefficient in the average q specification, which is

only significant at the 10% level.

Columns 2 and 3 of Table 5 substitute the uncertainty proxy o;; with RANGE;; and REV;;
respectively, in the error correction specification from Column 1. In Section 1.3.1 of Chapter 1
a restriction was imposed on the coefficients of a re-arranged ADL|2,2] specification to arrive at
the error correction specification in Column 1 of Table 5. This restriction, and its underlying
assumptions can be verified based on a t-test of a coefficient estimated on an additional ¥; ;1
term added to the error correction specification; failure to reject the hypothesis that the coeffi-

cient is not statistically different from zero supports the restriction of the ADL|2,2] specification

12The preferred instruments sets are taken from Chapter 1, in which they were constructed based on compar-
isons of Differenced Sargan/Hansen test statistics between several alternative instrument sets in the appendix of
Chapter 1.
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to the error correction specification. Adding additional terms in y; ;1 to the specifications in
Columns 2 and 3 of Table 5 yields insignificant coefficient estimates on these terms; implying
that the assumptions underlying the error correction specification appear robust to the inclusion

of REV;; and RANGE;; terms."3

As a result of substituting the uncertainty terms between Columns 1 and 2 of Table 5, the
significant negative coeflicient on the uncertainty sales growth interaction term becomes in-
significant - as a result of a much larger standard error, despite the larger magnitude of the
coefficient itself. Coefficients estimated on the linear uncertainty terms in Column 2 are much
larger in magnitude and strongly significant, relative to the marginally significant coefficients on
linear o;; terms in Column 1. These significant coefficients point to a negative linear effect of
higher uncertainty on investment in the short run and on the capital stock in the long run, which
was not found by including linear o;; terms in estimates of the error correction specification
in Chapter 1. Although the coefficient estimated on the error correction term is insignificant
in Column 2, this coefficient becomes significant in estimates of the preferred error correction
specification presented below in Table 9. Column 3 presents results from re-estimating the
specification from Column 2, using the uncertainty term REV;; in place of RANGE; ;. Results
are very similar in terms of the significance of estimated coefficients. The larger magnitude of
the coeflicients estimated on uncertainty terms in Column 3, relative to Column 2, is due to the

smaller mean values of REV;; relative to RANGE;; in the data set.

[TABLE 5 HERE]

Column 5 of Table 5 (above) presents estimates of the average q specification from Column
4, replacing the uncertainty proxy o;; with RANGE;;.'* As a result, the coefficient on the
uncertainty-sales growth interaction term RANGE; ; * Ay; ; becomes insignificant. As with the
case of the error correction specification, the significance of coefficients estimated on the linear

terms ARANGE;; and RANGE; ;_; increase considerably in Column 5, relative to coefficients

13Furthermore, changing the uncertainty terms between columns 1 and 2 does not impact the validity of the
preferred instruments used to estimate the error correction specification that were selected in Chapter 1 for the
error correction and average q specifications on the basis of Differenced Sargan/Hansen test statistics.

14 As mentioned in the case of the error correction specification, this substitution does not affect the validity
or choice of preferred instruments for the average q specification.
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estimated on Ac;; and 0;¢—1 in Column 4. The highly significant negative coefficient estimated
on ARANGE;; in Column 5 appears to be capturing all short run effects of uncertainty on
investment rates in the average ¢ specification; whereas the statistically insignificant coefficient
estimated on RANGE;; * Ay;; shows no evidence of lower investment responses to demand at
higher levels of uncertainty. Column 6 of Table 5 presents estimates of the average q specifica-
tion from Columns 4 and 5, using REV;; to control for effects of uncertainty. The significance
of coefficient estimates is unchanged as a result of substituting REV;; for RANGE;; between

Columns 5 and 6.

Table 6 below presents results from estimating the specifications from the columns of Table
5 excluding the linear uncertainty terms. Comparing coefficients estimated on o; ¢ * Ay; ; terms
in the error correction and average q specifications between Tables 5 and 6, excluding the linear
uncertainty terms in Table 6 has a very limited effect on point estimates and their significance.
Comparing Columns 2 and 3 across Tables 5 and 6, excluding linear uncertainty terms decreases
the magnitude of coefficients estimated on RANGE;; * Ay;; and REV;; x Ay; ¢, which remain
insignificant in the error correction specification. In the case of the average q specifications,
excluding the linear uncertainty terms between Columns 5 and 6 of Tables 5 and 6 changes the
sign of the coefficient estimated on uncertainty sales growth interaction terms; the coefficients
themselves remain insignificant. The results of Table 6 imply that it is not the inclusion of linear
uncertainty terms in Table 5 that is preventing lower investment responses to demand growth at
higher levels of uncertainty from being captured by coefficients estimated on RANGE; ; * Ay; 4
and REV;; * Ay;; terms. The interaction terms between sales growth and these measures of
uncertainty are simply not very informative about the investment behaviour of the UK firms in

our sample.

[TABLE 6 HERE]

In contrast, the I/B/E/S uncertainty measures appear to be very informative about nega-
tive linear effects of uncertainty in estimates of the investment specifications in Table 5. These

linear effects were found to be only marginally significant when using the measure of uncertainty
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based on stock return volatility, in estimates of the error correction and average q specifications
in Chapter 1. Tables 7 and 8 below present a more direct comparison of ¢;; with the I/B/E/S
uncertainty terms in specifications which include only linear uncertainty terms (Table 7) or only

sales growth interaction terms (Table 8).

5.3.2 Linear Uncertainty Terms

Table 7 below presents a set of results which compares 0;;, RANGE;; and REV;; as controls
for linear effects of uncertainty in the error correction and average q specifications. The results
suggest that the I/B/E/S uncertainty proxies are much more informative about linear effects
of uncertainty on Ak;; and % in respective estimates of error correction and average q speci-
fications. Insignificant coefficients on terms in o;; in specifications which included linear terms
in either RANGE;; or REV;; suggest that o;; does not control for any relevant information
not already contained in the I/B/E/S measures of uncertainty. This result is consistent with
the findings of Bond and Cummins (2004) in which measures of uncertainty constructed using
I/B/E/S analysts’ forecasts of earnings per share (although conceptually quite different from
REV;; or RANGE; ;) were more informative about linear effects of uncertainty than measures

based on stock return volatility in estimates of average q investment specifications with US data.

Columns 1 to 3 of Table 7 present estimates of error correction specifications and Columns 4 to 6
present estimates of average q specifications. Each column of Table 7 excludes uncertainty-sales
growth interaction terms and includes two sets of linear uncertainty terms, each set comparing
different uncertainty proxies. Column 1 presents estimates of the error correction specification,
including linear uncertainty terms in o;; and RANGE;;. Coefficients estimated on terms in
o0;,¢ are jointly insignificant based on a Wald test of the linear hypothesis with a p-value of 0.47;
whereas the hypothesis that coefficients estimated on RANGE;; terms are jointly insignificant
cannot be accepted at the 5% level. Column 2 presents estimates of the same specification, in
which terms in RANGE;; have been substituted for terms in REV;;. Coefficients estimated

on 0;; in Column 2 are also jointly insignificant (p-value of 0.43 based on a Wald test of the
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linear hypothesis), whereas the hypothesis that coefficients estimated on REV;; are jointly in-
significant is again rejected at the 5% level. Column 3 presents results from including sets of
linear terms in both RANGE;; and REV;; in the error correction specification, of which a
significant coefficient is only estimated on AREV; ;, however the hypothesis that all coefficients

on uncertainty terms in Column 3 are jointly insignificant is rejected at the 1% level.

[TABLE 7 HERE]

Columns 4 through 6 of Table 7 above compare linear uncertainty terms in estimates of the
average ( specification. As in the case of the error correction specification coefficients estimated
on terms in o;; were individually and jointly insignificant when included with linear terms in
RANGE;; and REV;; in estimates of average q specifications in Columns 4 and 5. The hy-
pothesis that coefficients estimated on RANGE;; terms in Column 4 are jointly insignificant
is rejected at the 2% level; and likewise the hypothesis that coefficients on REV;; terms in
Column 5 are jointly insignificant is rejected at the 1% level. Unlike in estimates of the error
correction specifications in Columns 1 and 2, all coefficients on I/B/E/S uncertainty terms are
individually significant in Columns 4 and 5. Column 6 includes both sets of linear terms in
the I/B/E/S uncertainty measures, and as in the case of the error correction specification the
hypothesis that coefficients on these terms are jointly insignificant is rejected; in the case of

estimates in Column 6, at the 4% level.

5.3.3 Uncertainty Sales Growth Interaction Terms

Table 8 below compares the uncertainty terms o; ¢, RANGE;; and REV;; as controls for lower
investment responses to demand growth at higher levels of uncertainty, in uncertainty-sales
growth interaction terms included in estimates of the error correction and average q specifica-
tions. In the case of both the error correction and average q specifications, o;; appears more
informative about lower investment responses to demand shocks at higher levels of uncertainty.

Coefficients on I/B/E/S uncertainty-sales growth interaction terms across Table 8 suggest that
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those terms do not contain any information that is relevant to explaining investment responses
to changes in demand in estimates of the error correction and average q specifications. This
is also consistent with the findings of Bond and Cummins (2004), in which uncertainty prox-
ies based on stock return volatility were preferred over indicators based on I/B/E/S analysts’
forecasts of earnings per share, to control for lower investment responses to demand at higher

uncertainty in estimates of average ¢ specifications.

Columns 1 and 2 of Table 8 present estimates of the error correction specification, and Columns
3 and 4 present estimates of the average ¢ specification. Each column excludes linear uncertainty
terms and includes sales growth interaction terms with o;; and one of the I/B/E/S uncertainty
measures. Column 1 includes o5 * Ay; ; and RANGE; ; * Ay;; terms and Column 2 includes
oit * Ay;y and REV;  * Ay; ; terms in estimates of error correction specifications. In Column 1
the coefficient on o; ;% Ay; 4 is significant at the 10% level (but not the 5% level), whereas the co-
efficient on RANGE; ¢ * Ay, 4 is insignificant. In Column 2 coefficients on both uncertainty sales
growth interaction terms are individually insignificant, and the hypothesis that they are jointly
insignificant is just marginally accepted with a p-value of 0.11. Columns 3 and 4 respectively
include terms in o;; * Ay;; and RANGE; ; * Ay;; and terms in ;4 * Ay, and REV; ; * Ay; 4
in estimates of the average q specification. Coefficients on 04 * Ay; ; terms remain significant

in both Columns 3 and 4, however that is only at the 10% level.

[TABLE 8 HERE]

5.3.4 Preferred Controls for Uncertainty

Table 9 below presents estimates of the error correction and average q specifications using
oit * Ay, to control for lower investment responses to demand at higher levels of uncertainty,
and the I/B/E/S measures RANGE;; and REV;; to control for linear effects of uncertainty
on investment. As a result of combining different uncertainty proxies to control for linear and
non-linear effects of uncertainty, coefficients estimated on o;; * Ay; + terms become insignificant

in both investment specifications.
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Although coefficients on o;; * Ay, terms are not significant in estimates of investment spec-
ifications in Table 9 below, minor changes to the instrument set used to estimate the error
correction specification in Table 10 cause the latter coeflicient to become significant. Based on
the significant negative coefficients estimated on o ¢ * Ay; ; terms in Columns 1 and 2 of Table
10 below, uncertainty - as controlled for by o;; - may have a significant effect on investment
dynamics, in addition to those captured by linear I/B/E/S terms REV;; and RANGE; ;. This
effect of uncertainty captured by sales growth interaction terms is more fragile than in results
presented in Chapter 1, and does not appear to be very informative of investment behaviour in
estimates of specifications which control for separate linear effects of uncertainty with I/B/E/S
terms. Based on results presented in this chapter, it cannot be ruled out that more significant
coefficients estimated on o;; * Ay;; terms in specifications from Chapter 1 proxy for effects of
uncertainty that may be better explained by linear terms in REV;; and RANGE; ;. The highly
significant coefficients on the latter terms suggest that specifications estimated in Chapter 1
omitted relevant effects of uncertainty that were not captured by o;; * Ay; s, Aoy or 0;4-1
terms. Consequently coefficient estimates in those specifications could be affected by omitted
variable bias, and may not accurately depict relationships between o; ; and investment responses
to demand. Results presented in Tables 3 and 4 of the current Chapter indicate that the stock
return volatility and I/B/E/S measures of uncertainty contain very different information. Ac-
cording to coefficients estimated on terms constructed with these various measures, effects of
uncertainty captured by the linear I/B/E/S terms were the most relevant to investment be-
haviour described by the error correction and average q specifications estimated with this data

set of UK firms.

Column 1 of Table 9 below presents estimates of the error correction specification excluding
linear uncertainty terms and including the uncertainty sales growth interaction term o; s * Ay; ;.
Column 2 adds the linear uncertainty terms ARANGE;; and RANGE;;_1 to the specifica-
tion in Column 1, on which coefficients are negative and significant. As a result of adding
the I/B/E/S uncertainty terms in Column 2, the magnitude of the coefficient estimated on

oit * Ay; + decreases by roughly half while its standard error remains relatively constant - caus-
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ing the coefficient to become insignificant. Column 3 replaces the linear terms in RANGE; ;
with the same terms in REV;;, resulting in almost no change to the coefficient on o;; * Ay; ;.
One important feature to note of the estimates presented in Columns 2 and 3 is the significant
coefficient on the error correction term, which was insignificant in Tables 5 and 6, which in-

cluded RANGE;; * Ay;; and REV; ; ¥ Ay 4 terms!®.

[TABLE 9 HERE]

Column 4 of Table 9 above presents estimates of the average q specification including the
uncertainty sales growth interaction term o;; * Ay;; and excluding controls for linear effects
of uncertainty. Column 5 adds ARANGE;; and RANGE; ;1 terms to the specification in
Column 4, coefficients estimated on both of which are significant and negative. As a result
of adding the linear I/B/E/S controls for uncertainty the coefficient estimated on ;s * Ay ¢
becomes insignificant in Column 5. Column 6 replaces terms in RANGE;; from the specifica-
tion in Column 5 with terms in REV];, resulting in no change to the statistical significance of

estimated coefficients.

Coefficients estimated on the linear I/B/E/S uncertainty terms between the error correction
and average q specifications in Table 9 imply very similar effects of uncertainty. Coefficients on
ARANGE;; and RANGE;;—1 in Columns 2 and 5 are all strongly significant, and differences
in magnitudes of coeflicients between the investment specification are very small relative to their
respective standard errors. Similarly, coefficients on AREV;; and REV; ;1 terms are also very
similar across the error correction and average q specification in Columns 3 and 6. Estimated
coefficients are all highly significant and differences between columns are small relative to stan-

dard errors.

Table 10 below presents estimates of the same specifications from Table 9, excluding A%y, ; o
as an instrument for equations in levels. The instrument appendix of this chapter presents

results of Differenced Sargan/Hansen tests on these alternative instrument sets, which support

151/B/E/S uncertainty sales growth interaction terms are not included in the preferred investment specifica-
tions, as results presented in Table 8 indicate that the I/B/E/S proxies contain little (if any) information relevant
to investment behaviour as described by estimates of either investment specification.
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the exclusion of AQyi,t_g from the instrument set for equations in levels of the error correction
specification. Comparing Columns 2 and 3 between Tables 9 and 10, the slight change in the
instrument set causes the magnitude of the coefficient on o; ¢ * Ay, ; to increase by roughly 60%.
Although the single asterisk reported next to coefficients estimated on o;; * Ay, ; indicates sig-
nificance at the 10% level, the t-statistics and p-values of these coefficients were —1.94 and 0.052
in Column 1 and —1.91 and 0.056 in Column 2 - making them only just insignificant at the 5%
level. Although the latter coefficient is not highly significant in these columns, the fact that its
insignificance does not appear entirely robust to small changes in the instrument set suggests
that these coefficients may be capturing additional effects of uncertainty not explained by the
I/B/E/S terms, at least in the error correction specification. Effects of uncertainty described
by coefficients on 05 * Ay;; terms do not appear to be as important as the linear effects of
uncertainty described by the I/B/E/S terms in this data set of UK firms. Given results of
previous literature' and the findings of Chapter 1, it is possible that specifications presented in
Tables 9 and 10 may look different when estimated with a larger data set. However, no previous
study has included uncertainty measures similar to REV;; or RANGE;; in estimates of firm

level investment specifications.

[TABLE 10 HERE]

5.3.5 Hybrid Investment Specifications

Tables 11 and 12 below present results from estimating hybrid investment specifications from
Chapter 1, which include both average q and error correction terms as explanatory variables.
The alternative uncertainty proxies RANGE;; and REV;; are used to control for linear effects
of uncertainty in the hybrid investment specifications in Tables 11 and 12. Controlling for lin-
ear effects of uncertainty with the latter uncertainty proxies results in comparable estimates of
hybrid investment specifications to those presented in Chapter 1; which controlled for linear
effects of uncertainty with terms in o;;. As in the results presented in Chapter 1, coefficients on
average ( terms are significant, whereas coefficients on error correction terms are insignificant in

estimates of hybrid investment specifications which control for linear effects of uncertainty with

16Significant negative coefficients were found on uncertainty sales growth interaction terms in firm level invest-
ment specifications estimated with UK data by Bloom, Bond and Van Reenen (2007), with Italian data by Bond
and Lombardi (2008), and with US data by Bond and Cummins (2004).
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the I/B/E/S uncertainty measures. Including terms in both RANGE;; and REV;; in estimates
of hybrid investment specifications suggests that terms in REV; ; may be more significant. This
is consistent with results presented in Table 7 for the less general average q and error correction

specifications.

An interesting result of including the linear I/B/E/S terms in the hybrid investment speci-
fications is a significant and negative coefficient on the uncertainty sales growth interaction
term. Including I/B/E/S controls for linear effects of uncertainty in either the error correction
or average ( investment specifications resulted in insignificant coefficients on uncertainty sales
growth interaction terms in Table 9. However, the coeflficient on the uncertainty sales growth

interaction term was only significant in hybrid investment specifications presented in Table 11,

I ¢
K

in which investment is measured by Ak;; as opposed to

Table 11 below presents estimates of hybrid investment specifications in which investment
is measured as Ak;;. Column 1 presents the specification from Chapter 1, which includes
oit * Ay, Aoy and 0541 as controls for uncertainty. As mentioned above, and discussed in
Chapter 1, the coefficient on the error correction term is insignificant, whereas the coefficient
on the average q term is significant and positive. This implies that the error correction term
does not include any information that cannot be controlled for with @); ;. Column 2 drops terms
in Aco; and 0;;—1 and includes terms in ARANGE;; and RANGE; ;1. Coefficients on the
I/B/E/S uncertainty terms are significant and negative. However, they are smaller in magni-
tude than coefficients on the same terms in the estimates of the error correction specification
in Column 2 of Table 9, but very close to coefficients in the average q specification presented in
Column 5 of Table 9. This is consistent with @;; being more informative than (k; —1 — yi 1),
and possibly controlling for some linear effects of uncertainty in the investment specifications.
Unlike results presented in Table 9, the negative coefficient on o; ¢ * Ay; ¢ is significant in Col-
umn 2 of Table 11; the coefficient is smaller in magnitude and less significant than the same
coefficient in Column 1, as a result of replacing the linear terms in o;; with terms in RANGE; ;.
Column 3 of Table 11 replaces linear terms in RANGE;; with terms in REV; ;. The coefficient

on AREV;; is slightly more significant than the corresponding coefficient on ARANGE;; in
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the previous column.

[TABLE 11 HERE]

Column 4 of Table 11 drops the uncertainty interaction term o;; * Ay; ¢, and includes lin-
ear terms in both REV;; and RANGE;;. P-values of Wald tests of the linear hypotheses
that terms in REV;; or RANGE;; are jointly insignificant are reported in the Table 11. The
Wald test only marginally accepts this hypothesis for terms in REV;; at the 10% level, whereas

the p-value is much larger for the same hypothesis regarding coefficients on terms in RANGE; ;.

Table 12 below presents System GMM estimates of the same specifications from Table 11 with

I; ¢

investment measured as K.,
%,

as opposed to Ak; ; in the specifications and instrument sets. Coef-
ficients on the corresponding linear uncertainty terms between Tables 11 and 12 are very similar.
The chief difference that results from changing the measurement of investment in Table 12, is
the much smaller magnitude of coefficients on o;; * Ay;; in Columns 2 and 3. Coefficients on
uncertainty sales growth interaction terms in Columns 2 and 3 in Table 12 are insignificant and
almost half the magnitude of corresponding coefficients in Table 11. This is consistent with

117

estimates of hybrid specification in Chapter , in which coefficients on o * Ay;; terms were

slightly larger in magnitude when investment is measured as Ak; ;.

[TABLE 12 HERE]

17 As represented by hybrid specifications in Columns 1 of Table 11 and 12
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5.4 Conclusion

This chapter has built upon the work of Bond and Cummins (2004) using new proxies for firm
level uncertainty based on I/B/E/S data on securities analysts’ forecasts of earnings per share;
the latter proxies offer alternatives to measures based on stock return volatility used in Leahy
and Whited (1996), Bloom, Bond and Van Reenen (2007) and Bulan (2005). In contrast to
controls for uncertainty based on disagreement in security analysts forecasts and variance of
forecast errors constructed in Bond and Cummins (2004), the uncertainty proxies REV;; and
RANGUE;; used in this chapter are based on within year volatility in monthly consensus fore-
casts of earnings per share, made by securities analysts and recorded in the I/B/E/S data base.
Comparison between proxies based on stock return volatility with the I/B/E/S uncertainty
proxies in this chapter suggests that the two measures contain different information. Effects
of uncertainty described by coefficients on linear terms in the new I/B/E/S measures - REV; ¢
and RANGE;; - were the most relevant to firm investment behaviour explained by estimates

of error correction and average q specifications.

When describing either linear or non-linear sales growth interaction effects of uncertainty, the
findings presented in this chapter are consistent with Bond and Cummins (2004): The mea-
sure based on stock return volatility, o;;, is most informative of lower investment responses
to demand at higher levels of uncertainty; whereas I/B/E/S measures (although different from
DISP;; and ERR;; used in Bond and Cummins (2004)) were highly informative of linear effects
of uncertainty on investment behaviour. The I/B/E/S measures REV;; and RANGE; ; control
for relevant effects of uncertainty that were likely omitted by specifications which included lin-
ear terms in 0;;. Different information contained by the two types of uncertainty proxies may
at least in part be due to higher frequency of the daily stock returns data used to calculate
0;t, relative to the monthly securities analysts’ forecasts of earnings per share that go into the
I/B/E/S measures. When the non-linear uncertainty sales growth interaction terms o;; * Ay; ¢
are included together with linear REV;; or RANGE;; terms in estimates of the error correc-
tion and average ¢ specifications, only coefficients on the I/B/E/S measures are consistently

significant.
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In contrast to results presented here, Bond and Cummins (2004) estimated significant nega-
tive coeflicients on o;; * Ay; ¢ terms in average ¢ investment specifications which include linear
DISP;; terms, constructed with forecasts of earnings per share from the I/B/E/S data on US
firms; coefficients on which were also significant and negative. In the UK data set analyzed in
this chapter, insignificant coefficients estimated on uncertainty-sales growth interaction terms
(0it* Ay;¢) in investment specifications which included linear terms in REV;; and RANGE; ;
suggest that the former terms do not contain any information relevant to investment behaviour
which is not already controlled for by the I/B/E/S terms. One could speculate that coefficients
on these uncertainty terms may appear different in average q and error correction specifications
estimated with a larger firm level panel data set - similar in size to that used in Bond and
Cummins (2004). However, that study, nor any other that has reported significant negative
coefficients on uncertainty-sales growth interaction terms included terms similar to REV;; or
RANGUE;; in estimates of firm level investment specifications. Based on results presented with
the UK data in this chapter, one cannot rule out the hypothesis that significant coefficients es-
timated on o; ; * Ay; ; terms proxy for effects that are best captured with linear terms in REV; ;
and RANGE;;. These findings motivate future research comparing uncertainty measures sim-
ilar to DISP;;, REV;;, RANGE;; and 0;; in estimates of firm level investment specifications,
preferably using larger data sets, similar in size to that used in Bond and Cummins (2004). Re-
search into the effects of uncertainty on firm level investment which rely solely on stock return
based volatility measures similar to o;; - as many studies have to date - may overlook relevant

effects of uncertainty on investment behaviour.

In contrast to results presented in Chapter 1, coefficients on I/B/E/S uncertainty terms were
highly significant in estimates of both error correction and average q specifications. Comparing
estimates of error correction and average q specifications in Chapter 1, coefficients estimated
on interaction terms between stock return volatility and sales growth were more significant in
estimates of the error correction specification. Focusing on either estimates of the error correc-
tion or average q specifications from Chapter 1 may have lead to slightly different conclusions
with regards to the significance of uncertainty - as measured by within year volatility in daily

stock returns - to firm investment behaviour. Although coefficients on uncertainty sales growth

243



interaction terms are not consistently significant in estimates of investment specifications which
included linear terms in the I/B/E/S uncertainty measures REV;; and RANGE;;, coefficients
on the latter terms were very similar across estimates of both specifications. In addition to being
more informative than linear or sales growth interaction terms in stock return volatility, the
I/B/E/S uncertainty measures imply very similar investment uncertainty relationships whether

they are included in average ¢ or error correction specifications.
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5.5 Instrument Appendix

This brief appendix presents results comparing alternative instrument sets used to estimate the
error correction and average q specifications in Tables 9 and 10. Results presented in Table 9
used A2yi,t_2 as instruments for equations in levels to estimate both the error correction and
average ( specifications; whereas estimates in Table 10 exclude this instrument. Comparisons
based on Differenced Sargan/Hansen tests reported in Table Al below suggest that the addi-
tional moment conditions for equations in levels used in Table 9 may be invalid in the case of

the error correction specification.

Column 1 of Table Al presents estimates of the error correction specification from Column
1 of Table 10, which excludes AQyi,t,g from the instrument set for equations in levels. Column
2 of Table Al adds A2yi7t_2 as an instrument for equations in levels to the instrument set in
Column 1, yielding the results from Column 2 of Table 9. A Differenced Sargan/Hansen test
is used to evaluate the null hypothesis that the additional moment condition in Column 2 of
Table Al is valid against the alternative that only the moment conditions from Column 1 of
Table Al are valid. Given that the null is valid the Differenced Sargan/Hansen test statistic
should follow a x? distribution with degrees of freedom equal to the difference in the number
of moment conditions from the two sets of estimates. The value of one less the p-value of the
Differenced Sargan/Hansen test statistic is reported in the bottom of Column 2, which rejects

the validity of the null hypothesis at the 6% level.

[TABLE A1 HERE]

Column 3 of Table Al presents estimates of the average q specification from Column 3 of
Table 10, which excludes AQyivt_g from the instrument set for equations in levels. Column 4 adds
the latter instrument to the instrument set from Column 1, yielding the results from Column
5 of Table 9. Unlike the case of the error correction specification a Differenced Sargan/Hansen
test does not reject the null hypothesis that the moment conditions in Column 4 are valid,

relative to the alternative that only the subset of moment conditions from Column 3 are valid.

245



5.6 Chapter 5 Annex and Alternative Results

The Annex to this Chapter is organized into two subsections closely following the Annex to
Chapter 1. In the first section results are presented in which alternative coefficient values are
imposed on error correction and average q terms in their respective specifications. This analysis
was motivated in Chapter 1 due to the fact that System GMM estimates of coefficients on the
error correction term were close to OLS estimates - implying the possibility of a significant bias
in the System GMM estimates of that coefficient. Imposing alternative values of the coefficient
on the error correction term (and @;+ terms in the average q specification) can help to assess
potential impacts of this bias on coefficients estimated on the remaining terms - particularly
coefficients on uncertainty terms.'® The second subsection reproduces System GMM results
from key Tables throughout Chapter 5 using a restricted instrument set for equations in levels.
Results discussed in the Annex of Chapter 1 suggested that the more restricted instrument
set may be more appropriate given potential for less bias in coefficients estimated on the error
correction term. As in Chapter 1 key results discussed through Chapter 5 are robust to using

the more restricted instrument set.

5.6.1 Chapter 5 Annex

This sub-section of the Annex to Chapter 5 repeats the analysis from the Annex in Chapter 1:
issues of bias in coefficients on error correction and average q terms are explored by imposing
alternative coefficient values on those terms in the error correction and average q specification
respectively. For each specification estimates are presented based on the full instrument set

used to generate results in Chapter 5, and then using a restricted instrument set with Azki,t,z

or A 1?,-’;7_22 as the only instruments for equations in levels - just as in the Annex to Chapter
1. In both the error correction and average q specifications the value and significance of co-
efficients on the I/B/E/S uncertainty terms are robust to changes in values imposed on error
correction and average q terms. As in the Annex to Chapter 1 the GMM criterion function for

the error correction specification appears to be quite flat with respect to coefficients on the error

18For more details refer to the Annex at the end of Chapter 1
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correction term. Again, as in the Annex to Chapter 1, this was not the case for the average
q specification, as imposing alternative values on the average q term had a more significant
impact on the p-value of the Sargan/Hansen test statistic and thus the minimized value of the

GMM criterion function.

Table A2 below presents System GMM estimates of the error correction specification in which
effects of uncertainty are controlled for by terms in o, * Ay; ¢y, AREV;; and REV;;_1. The
instrument set is the same as that used to produce results presented in the body of Chapter
5. No restrictions are imposed on coefficients in estimates of the error correction specification
presented in Column 1. Columns 2, 3, 4 and 5 restrict the coefficient on the error correction
term to be -0.1, -0.15, -0.2 and -0.3 respectively. Coefficients on all other terms are fairly robust
to the alternative values imposed on (k;;—1 — yi¢—1). Coefficients on the linear I/B/E/S uncer-
tainty terms are particularly stable across the columns of Table A2. Although the coefficient
on o0; * Ay; ¢ is insignificant across all columns of Table A2, its magnitude is decreasing as the
magnitude of the coefficient imposed on the error correction term is increased. The p-values
of Sargan/Hansen test statistics are decreasing across the columns of Table A2, implying that
the minimized value of the GMM criterion function is increasing as coefficients are changed on
the error correction term. However, none of the Sargan/Hansen test reject the validity of the

instrument set in results presented in Table A2.

[TABLE A2 HERE]

Table A3 below reproduces the results presented in Table A2 above, using a restricted in-
strument set for equations in levels. As in results presented in the Annex of Chapter 1 the
coefficient estimated on the error correction term in the unrestricted specification is larger in
magnitude when estimated with the restricted instrument set. Unlike results presented in Table
A2 above, coefficients on uncertainty interaction terms are significant and negative in Table A3
- except column 4. Comparing estimates presented in Column 1 of Tables A2 and A3, using the
restricted instrument set causes the coefficient on the uncertainty interaction term to become

marginally significant. The following subsection in this annex presents results from re-estimating
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specifications from the Tables of Chapter 5 using the restricted instrument sets for the error
correction and average q specifications. Sargan/Hansen p-values across the columns of Table
A3 are fairly insensitive to changes in the imposed values of coefficients on the (k;t—1 — vit—1)
term in the error correction specification. Differences between the Sargan/Hansen p-values and
corresponding values of the GMM criterion function across the columns of Table A3 are much

smaller relative to those in Table A2.

[TABLE A3 HERE]

Table A4 below presents estimates of the average q specification which includes terms in
oit * Ay, AREV;; and REV; ;1 to control for effects of uncertainty. Specifications in Table
A4 are obtained using the same instrument set used to produce results presented in the body
of Chapter 5. Following Table A8 in the Annex to Chapter 1, coefficients on the average q
term are fixed to alternative values across estimates of the average q specifications in Table A4
below.!? Results presented in Column 1 are obtained without imposing any restriction on the

coefficient on the average q term. Columns 2, 3, 4 and 5 restrict the coefficient on the average q

0.1 0.15 0.2 0.3 . .o .
term to values of FQid]’ Bl0w]’ Fl0w] and FlQud] respectively. It is difficult to draw conclusions

regarding the robustness of remaining coefficient values to alternative values imposed on @),
as the Sargan/Hansen test statistics do not support the null hypothesis that the instrument set
is valid in Columns 2 through 5. In Column 2, the null hypothesis that the instrument set is
valid is only marginally accepted at the 5% significance level, based on a p-value of 0.066 - the
largest next to Column 1. In Column 2 coefficients on linear uncertainty terms are significant
and negative - though smaller in magnitude relative to corresponding coefficients in Column 1.
Sargan/Hansen test statistics reject the hypothesis that the instrument set is valid in Columns

3, 4 and 5.

[TABLE A4 HERE]

19For more details on the derivation of the imposed coefficient values and a comparison of coefficients on error
correction and average q terms in their respective specifications refer to the Annex in Chapter 1.
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Table A5 below presents results from re-estimating the average q specifications from Table

A4, using a restricted instrument for equations in levels. Comparing Column 1 in Tables A4 and

Iit—1
Kii_1’

A5, coefficients on Qit, AREV;; and REV; ;1 terms are slightly larger in magnitude
as a result of using the restricted instrument set. Unlike in the set of results presented in
Table A4, Sargan/Hansen tests do not reject (or only just marginally accept) the validity of
instrument sets in Columns 2 and 3 of Table A5. Coefficients on I/B/E/S uncertainty terms in
Column 2 are significant and negative, and very similar to corresponding coefficients in Column
1. Although in Column 3, the magnitudes of coefficients on the linear uncertainty terms are
similar to corresponding coefficients in Columns 1 and 2, the coefficients are not statistically
significant. However, it is worthwhile to note that the p-values of Sargan/Hansen tests are

decreasing substantially from Column 1 to 2 and from Column 2 to 3. Sargan/Hansen test

statistics reject the null hypothesis that the instrument set is valid in Columns 4 and 5.

5.6.2 Chapter 5 Alternative Results

Tables 5* through 9* below reproduce results presented in corresponding tables in Chapter 5.
Instrument sets for equations in levels have been restricted relative to results from the body of
Chapter 5, to include only A%k; ;o and A% Relative to results presented in the body of
Chapter 5 coefficients on uncertainty terms in o;:, RANGE;; and REV;; are very similar in
the results presented below. Coefficients on error correction terms are larger in magnitude and

more significant in results presented below for the more restricted instrument set.

[TABLE 5* HERE]
[TABLE 6* HERE]

Table 7* below presents results from including only linear uncertainty terms in the error
correction and average q investment specifications estimated with the restricted instrument set.
Similar to the case of results presented in Table 7 in Chapter 5 coefficients on linear terms in
REV;; appear to be more significant than those in RANGE;; in the error correction specifi-

cation - comparing Columns 1 and 2. In Column 3 the p-value of the linear hypothesis that
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coefficients on terms in RANGE; ; are jointly insignificant is 0.36. A similar test of coefficients
on terms in REV;; results in a p-value of 0.25. The hypothesis that all coefficients on uncer-
tainty terms are jointly insignificant in the results of Column 3 results in a p-value of 0.08.
Tests of the same hypothesis of coefficients on uncertainty terms in the average q specification

presented in Column 6 are 0.89, 0.56 and 0.11 respectively.

[TABLE 7* HERE]

[TABLE 8* HERE]

Table 9* below presents results from including ;¢ * Ay; ; terms to control for uncertainty-
sales growth interaction effects and I/B/E/S terms to control for linear effects of uncertainty
in the investment specifications. As a result of using the more restricted instrument set in
estimating the specifications below, coefficients on o * Ay; ; terms are marginally significant in
Columns 2 and 3. Coefficients on these terms are insignificant in estimates presented in Table 9
in Chapter 5. However, linear effects of uncertainty captured by coefficients on I/B/E/S terms
remain the most significant in estimates of error correction and average q specifications obtained

with the restricted instrument sets.

[TABLE 9* HERE]

5.7 Tables of Results
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Table 1
Correlations

Uncertainty Covariance Matrix

it REVLt RANGEZ,t DIS,PZJ
Tit 1.000
REV;, 0.331 1.000
RANGE;; 0.335 0.988 1.000
DISP;; 0.249 0.395 0.423 1.000
Table 2
Correlations
Uncertainty Covariance Matrix
REV; CBIUNCER; CBI CAPU,
REV, 1.00
CBIUNCER; 0.84 1.00
CBI CAPU; -0.85 -0.93 1.00
Table 3
OLS Regressions of Uncertainty Terms
1) (2) (3)
RANGEZt it Ot
rev 2.506 2.307
(.028)*** (.131)***
range 917
(.052)***
R? 975 318 .315
Table 4
Correlations
Uncertainty Covariance Matrix
it REV, RANGE;,
Tt 1.000
REV; 0.333 1.000
RANGE;; 0.336 0.987 1.000
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Note:

Effects of Stock Return Volatility and I/B/E/S Uncertainty Measures

Table 5

€)) &) () (14) (15) (16)
Akig Akiy Akiy Ror o Ko
Ak -.116 -.300 -.315
(-131) (.050)*** (.058)***
t -015 -.239 -.247
’ (.103) (.079)*** (.071)***
Ayig—1 .078 .023 .010 .033 .034 .034
(.051) (.054) (.059) (.043) (.048) (.050)
oit * Ayiy -.207 _107
(.093)** (.063)*
RANGE;; x Ay -.356 -.044
(:270) (.255)
REV;; * Ay;y -.892 -.068
(.687) (.603)
Ay 715 442 468 415 290 204
(.173)*** (.098)*** (.098)*** (.128)*** (.086)*** (.084)***
(ki,t—l - f‘/i,t—l) -.049 -.038 -.035
(.028)* (.024) (.024)
Qi .020 .017 .016
(.005)*** (.004)*** (.004)**
Aoy -.030 012
(.018)* (.015)
Oig—1 -.029 -.017
(.018) (.013)
ARANGE;, -.158 -115
(.053)*** (.044)==*
RANGE; ;1 -.283 -.195
(.062)*** (.052)==*
AREV;, -422 -310
(.116)** (.099)***
REV;; -.728 -.520
(.155)*** (.131)%*
Sargan/Hansen .397 756 .796 734 .303 .347
DoF 133 133 133 147 147 147
AR1 -2.985 -4.208 -3.675 -4.528 -3.651 -3.893
AR2 -1.424 -3.918 -3.572 -.709 -2.752 -2.882
AR3 -.121 .067 .041 -.262 .063 111
AR4 589 154 116 .953 132 .036
Instruments For Equations in First Differences
Ak;y t-3:t-4 t-3:t-4 t-3:t-4
t t-3:t-4 34 t-3itd
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — yie) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4
O x Ayt t-3:t-4 t-3:t-4
RANGE;; t-3:t-4 t-3:t-4
RANGE;; x Ay; ¢ t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
REV;; x Ayt t-3:t-4 t-3:t-4
Instruments For Equations in Levels
N t-2:t-2 t-2:4-2 t-2:t-2
S t-2:6-2 t-2:t-2 t-2:6-2
A%y, t-2:t-2 t-2:4-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AQi t-2:t-2 t-2:t-2 t-2:t-2
Aoy £-2:1-2 t-2:t-2
Aoz * Ayit) t-2:-2 t-2:t-2
ARANGE;; t-2:t-2 t-2:t-2
A(RANGE;  * Ayiy) t-2:t-2 £-2:t-2
AREV;, t-2:t-2 £-2:t-2
A(REV4 + Ayiy) t-2:6-2 t-2:-2

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample cogection. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansen J-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in



and I/B/E/S Measures

Table 6
Uncertainty Sales Growth Interaction Effects of Stock Return Volatility

(1) (2) () (;l) (15) 16)
Ak?i’t Akiﬂt Ak}i’t ﬁ ﬁ Klztt
Aki—1 -.080 -.301 -.325
(112) (.082)*** (.081)***
Rt -.022 -.199 -215
(.098) (.080)** (.076)***
Ayii—1 .076 .084 .090 .048 .051 .056
(.051) (.051) (.054)* (.042) (.053) (.050)
Oig* Ayiy -.237 -118
(.089)*** (.062)*
RANGE;; * Ay -.189 110
(.325) (.253)
REV; 1 % Ay 4 -.406 411
(.857) (.558)
Ayt 774 .b26 .b22 .446 .340 .328
(171)** (.122)7** (.127)*** (.123)**~ (.089)*** (.083)%**
(kijtfl — yi,tfl) -.054 -.043 -.043
(.029)* (.028) (.028)
Qi .020 .020 .020
(.005)*** (.005)*** (.005)***
Sargan/Hansen 351 .242 .245 .606 .155 149
DoF 135 135 135 149 149 149
AR1 -3.541 -3.686 -3.518 -4.606 -4.713 -4.727
AR2 -1.472 -3.408 -3.62 -.924 -2.267 -2.499
AR3 -.123 .025 .018 -.194 -.135 -.126
AR4 .708 .658 .651 .985 .739 .701
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4
AL t-3it-4 t-3td t-3it-d
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — Yit) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4
Ot Ay t-3:t-4 t-3:t-4
RANGE; ; t-3:t-4 t-3:t-4
RANGE; s * Ay, t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
REV; s * Ay 4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k y t-2:t-2 t-2:t-2 t-2:t-2
{{t—:l £-2:4-2 £-2:4-2 £-2:¢-2
Ay, t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2
A(ois % Ayiyg) t-2:t-2 t-2:t-2
ARANGE;; t-2:t-2 t-2:t-2
A(RANGE; 1+ * Ay; 1) t-2:t-2 t-2:-2
AREV;,; t-2:t-2 t-2:t-2
A(REV;; * Ay; 1) t-2:¢-2 t-2:t-2

Note:

Standard errors for the GMM estimates are based on a two step covariance matrix adjusted
using the Windmeijer (2005) finite sample correction. Instruments for equations in first dif-
ferences and for equations in levels are presented in the table above. Instrument validity is
tested using a Sargan/Hansen test (or Hansepsd-test) of the over-identifying restrictions, cor-
responding p-values and degrees of freedom (DoF) are reported in each Column. The null
hypothesis of no serial correlation in the differences residuals is evaluated using Arellano Bond
test for autocorrelation (Arellano and Bond (1991)), for which test statistics are reported in

each column.



Comparing Linear Controls for Effects of Uncertainty

Table 7

1) (2) (3) (14) (15) (16)
Ak s Ak Rid i Ric
Akiy—1 -.308 -.327 -.374
(.096)** (.094) %= (.094) %=
e -179 -.189 -.266
1,t—1
(.088)** (.087)** (.106)**
Ayt 035 046 086 061 062 082
(.057) (.059) (.062) (.048) (.048) (.048)*
Ayis 457 462 417 246 249 270
(.083)*** (.082)*** (-104)*** (.065)*** (.066)*** (.066)***
(ki,tfl - yiﬂtfl) -.045 -.044 -.044
(.023)** (.023)* (.030)
Qi 016 016 018
: (.004)*** (.004)*** (.005)***
Aoy -.014 -.016 -.002 -.007
(.019) (.017) (.014) (.013)
Oit—1 -.026 -.027 -.014 -.015
(.022) (.021) (.017) (.016)
ARANGE;; -.092 .340 -.090 .202
(.059) (:210) (.041)** (.158)
RANGE; ;1 -.179 189 -.132 231
(.072)* (.375) (.047) (:291)
AREV;, -.247 -1.129 -.232 -.766
(127)* (541)** (.089)*** (.426)*
REV;4_y -.437 ~941 -.347 943
(167)* (.941) (.108)*** (.736)
Sargan/Hansen .564 .519 .637 .833 .829 511
DoF 135 135 135 149 149 149
AR1 -3.109 -2.996 -2.505 -3.986 -4.04 -2.879
AR2 -2.936 -3.083 -3.398 -2.179 -2.244 -2.464
AR3 -.123 -.026 .189 .204 181 277
AR4 .345 .249 227 311 .258 .149
Instruments For Equations in First Differences
N t-3:0-4 t-3:t-4 t-3:t-4
T t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — vit) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4
RANGE;; t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%, t-2:t-2 t-2:6-2 £-2:t-2
L £-2:6-2 £-2:4-2 £-2:4-2
A%y, t-2:-2 t-2:6-2 t-2:4-2 t-2:6-2 t-2:4-2 t-2:¢-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2
ARANGE;; t-2:t-2 t-2:t-2
AREV;; t-2:t-2 t-2:t-2
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Table 8
Comparing Controls For Sales Growth Interaction Effects of Uncertainty

(1) 2 (13) (14
Akiy AV oon yoem
Akiy—1 -.250 -.269
(.074) %+ (.072)%**
L1
Koo -.199 -.218
(.081)** (.082)***
Ayii—1 120 17 .061 .068
(.056)** (.057)** (.049) (.051)
Oip* Ayiy -.174 -.145 -.124 -.113
(.098)* (-101) (.069)* (.068)*
RANGELt * Ayi,t -.082 138
(.270) (:204)
RE‘/i,t * Ayi,t -.318 .368
(.669) (.511)
Ayt .756 .729 517 .498
(.160)*** (.167)*** (.131)*** (131)***
(ki,tfl - yiﬂtfl) -.049 -.052
(.024)** (.024)**
Qi .020 .020
(.004)*** (.004)**
Sargan/Hansen 278 .259 .528 .556
DoF 195 195 209 209
AR1 -3.989 -3.937 -4.197 -4
AR2 -3.51 -3.669 -2.331 -2.458
AR3 .009 .013 -.259 -.226
AR4 721 .729 .875 .846
Instruments For Equations in First Differences
Ak;y t-3:t-4 t-3:t-4
Hat=l t-3:t-4 t-3:t-4
i,t—1
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kz’,t — yiyt) t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot ¥ AYiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
RANGE; t-3:t-4 t-3:t-4
RANGE; ; x Ay; t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
REV; s * Ay t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k, t-2:t-2 t-2:6-2
II(z,I,—l t-2:t-2 t-2:t-2
i,t—1
A2y t-2:t-2 t-2:t-2 t-2:-2 t-2:4-2
AQiy t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aois * Ay;t) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
ARANGE;; t-2:t-2 t-2:t-2
A(RANGELt * Ayi,t) t-2:t-2 t-2:t-2
AREV;, t-2:-2 t-2:t-2
A(REV; * Ayi) t-2:¢-2 t-2:t-2
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Table 9

Combining Stock Return Volatility and I/B/E/S Controls For Uncertainty

(1) (2) (3) (14) (;’)) (16)
Ak Ak Ak Rid Rid Rid
Akiy -.080 -.202 -.231
(.112) (.098)** (.097)**
Fatm -.022 _121 -137
it—1
(.098) (.100) (.100)
Ayii—1 .076 .015 .018 .048 .037 .038
(.051) (.057) (.057) (.042) (.043) (.045)
it * Ayiy -.237 115 116 118 -.052 -.053
(.089)*** (.091) (.091) (.062)* (.067) (.067)
(kz’,t—l — yi,t_l) -.054 -.059 -.058
(.029)* (.024)** (.024)**
Qi .020 .018 .018
(.005)*** (.004)*** (.004)***
ARANGE;, -120 -.094
(.049)** (.042)*
RANGE;, -.226 158
(.071)*** (.054)%**
AREV;; =317 -.252
(.120)*** (.100)**
REV;, -.581 -410
(172)*** (.138)***
Sargan/Hansen .351 .564 .542 .606 77 778
DoF 135 165 165 149 179 179
AR1 -3.541 -3.258 -3.135 -4.606 -3.784 -3.72
AR2 -1.472 -2.286 -2.449 -.924 -1.6 -1.684
AR3 -.123 -.137 -.109 -.194 -.038 -.007
AR4 .708 .297 .241 .985 .389 .329
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4
e t-3:t-4 t-3:t-4 t-3:t-4
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — yizt) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Otk Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
RANGE;; t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k y t-2:4-2 t-2:4-2 t-2:t-2
At £-2:t-2 £-2:t-2 £-2:t-2
A2y, t-2:4-2 t-2:4-2 t-2:t-2 t-2:t-2 t-2:4-2 t-2:4-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A(oiz % Ayiyg) t-2:t-2 £-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
ARANGE;; £-2:t-2 t-2:-2
AREV;, t-2:t-2 t-2:t-2
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Table 10
Combining Stock Return Volatility and I/B/E/S Controls For Uncertainty
- Alternative Instruments

(1) 2) (13) (14)
Akt Ak Rec Ric
Akiy—1 -.231 -.255
(.097)** (.094)***
L1
m _.172 _~185
(.091)* (.089)**
Ayt .031 .033 .049 .050
(.059) (.059) (.045) (.046)
Ot * Ayiy -.182 -.182 -.085 -.091
(.094)* (.095)* (.067) (.067)
(ki,tfl - yiﬂtfl) -.062 -.062
(.022)*** (.023)***
Q .017 .017
(.004)*** (.004)***
ARANGE;; -.131 -.095
(.049)*** (.042)**
RANGE; 1 -.223 -.159
(.066)*** (.051)***
AREV;, -.342 -.251
(121)**~ (.099)**
REV; 41 =577 -411
(.165)*** (.133)***
Sargan/Hansen 137 .697 .856 .873
DoF 155 155 169 169
AR1 -3.127 -3.074 -3.779 -3.746
AR2 -2.581 -2.74 -2.144 -2.21
AR3 -.091 -.073 -.014 .003
AR4 .199 161 .374 .325
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4
Lt t-3:t-4 t-3:t-4
it—1
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — vit) t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot * Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
RANGE;; t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k, t-2:6-2 t-2:6-2
L1 . .
Am £-2:t-2 t-2:t-2
AQyi,t
AQi,t t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:6-2 t-2:t-2
Aois * Ayit) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
ARANGE;; t-2:t-2 t-2:t-2
AREV;, t-2:t-2 t-2:t-2
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Table 11
Ak;; Hybrid Investment Specifications

M @ ® @
Ak AV Ak AV
Aki—1 -.148 -.226 -.243 -.382
(.107) (.080)*** (.073)==* (.090)***
Ayi1 .047 .021 .020 .057
(.049) (.052) (.053) (.056)
Oig % Ayiy -.180 113 117
(.077)** (.065)* (.063)*
Ay .580 .480 .501 .360
(.142)** (.133)*** (.132)*** (.085)***
(ki1 — Yie1) -.010 -.021 -.019 -.014
(.020) (.019) (.019) (.018)
Qi .028 .025 .025 .025
(.006)*** (.006)*** (.006)*** (.006)**
AO'Z'A’{; —021
(.015)
(72‘11_1 -017
(.016)
ARANGE;; -.074 .242
(.039)* (.157)
RANGE; ;1 -.144 122
(.053)*** (:304)
AREV;,; -.198 -.795
(.092)** (.399)**
REV; 11 -.366 -.658
(.127)*** (.756)
Ho: AREV;, 0.12
=REV;; 1=0
Hy: ARANGE;; 0.24
= RANGE;;_1 =0
Sargan/Hansen .664 .645 .582 785
DoF 164 196 196 166
ARI1 -3.543 -3.942 -4.145 -2.72
AR2 -1.63 -2.687 -2.938 -3.551
AR3 -.191 -.152 -.145 .06
AR4 744 .576 .542 492
Goodness of Fit 432 407 .407 378
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kz’,t—l — ym_l) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ot ¥ Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A2l t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A2y, t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A(oip % Ayiyt) t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
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Table 12

I; . . .
Kltt Hybrid Investment Specifications
(1) (2) (3) (4)
Tie Tit Tie it
Kit Kt Kit Kiy
o -.049 -174 -.190 -.289
' (.093) (.095)* (.095)** (.096)***
Ayi1 .040 .035 .041 .079
(.040) (.041) (.043) (.045)*
oirx Ayiy -.124 -.065 -.066
(.057)** (.054) (.054)
Ay ¢ .446 .334 .346 .283
(119)** (.108)*** (.107)** (.066)***
(kz’,t—l - yiyt_l) -.0009 -.012 -.012 -.019
(.014) (.014) (.014) (.015)
Qi .021 .018 .018 .015
(.005)** (.005)*** (.005)*** (.005)***
Aoy -.022
(o11)*
Oit—1 -.018
(.013)
ARANGE;; -.088 217
(.039)** (.158)
RANGE;; , -.152 216
(.049) %= (:288)
AREV;, 228 791
(.094)** (:426)*
REV; ;1 -.386 -.916
(-124)%* (.720)
Ho: AREV;, 0.17
=REV;3—1 =0
Hy: ARANGE;; 0.36
= RANGE;;—1 =0
Sargan/Hansen 767 .697 679 .593
DoF 167 199 199 169
ARI1 -4.489 -3.471 -3.416 -2.937
AR2 -.948 -2.087 -2.198 -2.867
AR3 -.324 -.082 -.037 215
AR4 .927 .407 .357 .166
Goodness of Fit 448 401 .403 .384
Instruments For Equations in First Differences
- t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit—1 — Yit—1) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot * Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
AL £-2:4-2 £-2:t-2 £-2:t-2 £-2:t-2
A%y, t-2:4-2 t-2:t-2 t-2:t-2 t-2:t-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:8-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aois * Ayit) t-2:t-2 t-2:-2 t-2:t-2 t-2:t-2
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Table Al

A2yi’t_2 as an Instrument for Equations in Levels
(1) 2 (13) (14)
Ak Ak I(z{tt KI,tf
N -.231 -.202
(.097)** (.098)**
Lit—1
L -172 -121
(.091)* (.100)
Ayi -1 .031 .015 .049 .037
(.059) (.057) (.045) (.043)
i % Ay -.182 -115 -.085 -.052
(.094) (.091) (.067) (.067)
(kz’,t—l — yi,t_l) -.062 -.059
(.022)*** (.024)**
Qi .017 .018
(.004) %= (.004)**
ARANGE;; -.131 -.120 -.095 -.094
(.049)** (.049)** (.042)** (.042)**
RANGE;, -.223 -.226 -.159 -.158
(.066)*** (.071)** (.051) %= (.054) %=
Sargan/Hansen 737 .564 .856 7
DoF 155 165 179 169
AR1 -3.127 -3.258 -3.779 -3.784
AR2 -2.581 -2.286 -2.144 -1.6
AR3 -.001 -.137 -.014 -.038
AR4 .199 .297 374 .389
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4
FumL t-3:t-4 t-3:t-4
i,t—1
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ku — yi,t) t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
O ¥ AYiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
RANGE; t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A2k y t-2:t-2 t-2:t-2
A2y, t-2:t-2 t-2:-2
Lit—1 . .
o £-2:6-2 £-2:6-2
AQi s £-2:6-2 £-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoz % Ayig) t-2:t-2 t-2:t-2 £-2:t-2 t-2:t-2
ARANGE;; t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Difference Sargan Test
(1-p-value) 0.944 0.872
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Table A2

Error Correction Investment Specification -
Grid of Coeflicients on (k;¢—1 — yi1—1) Terms

0 @ ®) @ @
Ak Ak, Ak Ak Ak
N -.231 -.246 -.258 -.254 -.224
(.097)** (.092)*** (.092)*** (.093)** (.097)**
Ayit1 .018 .010 -.0006 -.014 -.046
(.057) (.056) (.056) (.056) (.058)
Oin * Ayiy -116 078 -.041 -014 020
(.091) (.085) (.088) (.091) (.093)
Ayt 57T .535 .490 .454 407
(.172)*** (.167)**~ (174)** (.179)** (.185)**
(kijtfl — yi,tfl) -.058 -1 -.15 -2 -3
(02" (6t) (6t) (ft) (5t)
AREV;; =317 =311 =317 -.321 -.323
(.120)*** (.119)*** (.115)*** (115)*** (121)***
REV; 41 -.581 -.594 -.611 -.607 -.572
(.172)*** (171)**~ (.163)**~ (.161)*** (173)**
Sargan/Hansen .542 AT 4 .349 .296
DoF 165 166 166 166 166
AR1 -3.135 -3.204 -3.079 -2.996 -2.814
AR2 -2.449 -2.688 -2.864 -2.871 -2.564
AR3 -.109 -.158 -2 -.248 -.396
AR4 241 .224 .15 077 -.034
Goodness of Fit 373 322 .266 .223 .168
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — vit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oipx Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
REV; t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k 4 t-2:t-2 t-2:t-2 t-2:t-2 t-2:-2 t-2:4-2
A2y t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:4-2
Alkig — yir)
Aoy t-2:t-2 t-2:4-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy * Ay s t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
AREV;, t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
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Table A3

Error Correction Investment Specification with Alternative Instruments -

Grid of Coeflicients on (k;¢—1 — yi1—1) Terms

1) (2) () (4)
Akiy Akiy Ak Akiy
Akip—1 -.308 -.308 -.305 -.301
(.090)*** (.089)*** (.092)*** (.096)***
Ayip—1 .066 .063 .053 .033
(.060) (.061) (.061) (.062)
Ayt .695 .690 677 .680
(:213)*** (:208)*** (.205)*** (.196)***
Oip ¥ Ayiy -.196 -.186 -.167 -.144
: (.110)* (.104)* (.101)* (.098)
(kijtfl — yi,tfl) -.127 -.15 -2 -3
(040" (ft) (ft) (ft)
AREV;; -.355 -.342 -.331 -.302
(.139)** (.134)** (.130)** (.125)**
REV; 1 -.570 -.555 -.536 -.485
(.225)** (.219)** (.222)* (.229)**
Sargan/Hansen .384 .394 373 312
DoF 123 124 124 124
AR1 -2.7 -2.662 -2.405 -1.925
AR2 -3.454 -3.468 -3.379 -3.254
AR3 -.002 -.039 -.124 -.333
AR4 .067 .087 .088 113
Goodness of Fit .264 .246 210 212
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — vit) t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oip* Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
REV; t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k 4 t-2:6-2 t-2:t-2 t-2:t-2 t-2:6-2
AQyi,t
Alkit = yit)
AO’Z'_’t
Ao x Ayiy
AREV;,
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Table A4
Average Q Investment Specification -
Grid of Coefficients on Q; ¢ Terms

(1) (2) (3) (4) (5)
Ti Tit Tit Ti Tit
Kt K K Kt K
e -137 -271 -.345 -419 -.559
(.100) (.109)** (.118)*** (.125)%** (.154)***
Ayt .038 -.004 -.052 -.100 -.197
(.045) (.053) (.062) (.069) (.092)**
Oip* Ayiy -.053 -.073 -.061 -.046 .005
(.067) (.089) (.091) (.097) (.133)
Ay .295 .258 .225 185 .076
(:120)** (.166) (.176) (.197) (:279)
Qi .018 .1/Qav 15/Qav .2/Qav .3/Qav
(008 (6t) (ft) (6t) (6t)
AREV;, -.252 -.156 -.097 -.028 125
(.100)** (.092)* (.100) (.113) (.157)
REV; 1 -.410 -.221 -.083 .071 .390
(.138)*** (.108)** (.126) (.154) (.223)*
Sargan/Hansen 778 .066 .012 .006 .002
DoF 179 180 180 180 180
AR1 -3.72 -2.763 -2.197 -1.713 -.869
AR2 -1.684 -2.187 -2.26 -2.374 -2.288
AR3 -.007 -.853 -1.386 -1.73 -1.954
AR4 .329 .66 .532 251 -.315
Goodness of Fit 411 .285 .248 226 .202
Instruments For Equations in First Differences
2L t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oip* Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
f('t t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
A2y t-2:4-2 t-2:t-2 t-2:t-2 t-2:4-2 t-2:4-2
AQiy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2 t-2:t-2
Aoy x Ayy t-2:t-2 t-2:4-2 t-2:t-2 t-2:¢-2 t-2:t-2
AREV;, t-2:t-2 t-2:4-2 t-2:4-2 t-2:t-2 £-2:t-2
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Table A5

Average Q Investment Specification with Alternative Instruments -

Grid of Coefficients on Q; ¢ Terms

(1) 2) 3) (4) (5)
Lt it Tt it Lt
Kt Kit K Kt Kt
}[g;t:l -.265 -.263 -.256 -.270 -.331
' (.105)** (.107)** (114)** (.123)** (.149)**
Ayir .061 -.002 -.054 -.090 -.149
(.057) (.056) (.060) (.065) (.081)*
Oip ¥ Ayiy -.076 -.012 .034 .086 .236
(.074) (.094) (.105) (.123) (.168)
Ay .354 .206 126 .058 -.132
(.130)*** (.172) (-196) (:235) (.338)
Qi .025 .1/Qav 15/Qav .2/Qav .3/Qav
(008)" (ft) (fit) (6t) (ft)
AREV;, -.311 -.253 -.202 -.155 -.082
(115)%*= (.125)** (-124) (.128) (.180)
REV; 1 -.493 -.415 -.336 -.252 -.103
(.178)*** (.199)** (:204) (:216) (.293)
Sargan/Hansen .831 429 143 .032 .002
DoF 126 127 127 127 127
ARI1 -2.833 -2.936 -2.872 -2.694 -2.068
AR2 -2.51 -2.16 -1.671 -1.315 -.763
AR3 .031 -.692 -1.226 -1.519 -1.69
AR4 152 .343 .261 .026 -.559
Goodness of Fit 373 315 .290 277 .265
Instruments For Equations in First Differences
L t-3:6-4 t-3:t-4 £-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Oip* Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
REV;, t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
Instruments For Equations in Levels
ot £-2:t-2 £-2:4-2 £-2:t-2 £-2:t-2 £-2:4-2
AQZJz‘,t
AQi¢
A(r,;ﬁt
Aoy * Ayt
AREV;,
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5.8 Alternative Results for Chapter 5
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Table 5*: Alternative Instruments
Effects of Stock Return Volatility and I/B/E/S Uncertainty Measures

(1) (2) 3) (14) (15) (16)
Aki—1 -.145 -.369 -.381
(.091) (.083)*** (.080)***
FuzL -.081 -272 -.284
it—1
(.126) (.063)*** (.065)***
Ayii—1 .105 .042 .035 .057 .051 .057
(.049)** (.069) (.071) (.050) (.054) (.060)
it * Ay -313 -.164
! (.105)*** (.097)*
RANGE; 4 * Ay -.481 .062
' (.281)* (.273)
RE‘/i,t * Ayi,t -1.203 177
(.766) (.658)
Ayt 723 ATT .493 476 .300 .306
(.182)*** (124)7* (.132)*** (181)*** (.110)*** (111)***
(kit—1 — Yit—1) -.119 -.114 -.120
(.044)*** (.047)** (.047)**
Qi .027 .025 .027
(.009)*** (.008)*** (.009)***
Aoy -.053 -.030
(.022)* (.018)*
Oit—1 -.063 -.036
(.037)* (.029)
ARANGE;; -.147 -.152
(.055)*** (.057)***
RANGE; ;1 -.254 -.248
' (.084)*** (.079)***
AREV;; -.389 -.392
(.132)** (.130)***
REV; 1 -.647 -.642
(:207)*** (.192)***
Sargan/Hansen 772 ST57 751 .803 .582 .588
DoF 102 102 102 105 105 105
AR1 -3.669 -2.178 -2.173 -3.454 -3.285 -3.258
AR2 -2.496 -3.391 -3.539 -1.04 -3.067 -3.076
AR3 -.168 .103 .099 -.386 .086 151
AR4 .53 147 .136 1.008 -.123 -.202
Instruments For Equations in First Differences
Akiy t-3:t-4 t-3:t-4 t-3:t-4
Bt t-3:t-4 6304 t-3it-d
Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(kit — Yit) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Oit t-3:t-4 t-3:t-4
Ot Ayiy t-3:t-4 t-3:t-4
RANGE; ; t-3:t-4 t-3:t-4
RANGE; s * Ay, t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
REV;JS * Ayzt t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k y t-2:6-2 t-2:6-2 t-2:6-2
=L £2:62 6262 t2:it2
1,t—1
AQZJz‘,t
AQit
AO’Z'_’t
A(O’u * Ayi,t)
ARANGE;, 266
A(RANGELt * Ayi,t)
AREV;,;

A(RE‘flyt * Ayi,t)




Table 6*: Alternative Instruments
Uncertainty Sales Growth Interaction Effects of Stock Return Volatility

and I/B/E/S Measures

(1) 2) 3) (14) (15) (16)
Ak Ak Ak o Ris Rt
Akt -.158 -.400 -.405
(.093)* (.078)*** (.078)***
=L -.085 ~274 -.204
it—1
(:116) (.051)*** (.061)***
Ayt .096 .072 .067 .064 .058 .065
(.050)* (.055) (.054) (.050) (.045) (.047)
Ot * Ath -.346 -.164
(.095)*** (.086)*
RANGEZ',t * Ayi,t -.463 137
(.313) (.151)
RE‘/Z'A,t * Ayi,i -1.165 .367
(.848) (.382)
Ayt .824 .b44 541 .496 337 327
(.181)%** (.132)%** (:130)*** (.164)** (.095)*** (.101)***
(kz’,t—l - yi't_l) -.137 -.150 -.160
: (.047)*** (.049)*** (.051)***
Qi .031 .030 .032
(.009)*** (.008)*** (.008)***
Sargan/Hansen 633 .349 331 .643 225 .245
DoF 104 104 104 107 107 107
AR1 -3.394 -2.161 -2.081 -3.654 -4.718 -4.072
AR2 -2.829 -3.952 -4.018 -1.282 -3.175 -3.186
AR3 -.103 -.0005 -.042 -.268 -.167 -.143
AR4 .653 707 731 1.101 737 721
Instruments For Equations in First Differences
AV t-3:t-4 t-3:t-4 t-3:t-4
et t-3:t-4 t-3t4 t-3it-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — yit) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4
Ot ¥ AYiy t-3:t-4 t-3:t-4
RANGE;; t-3:t-4 t-3:t-4
RANGE;; x Ay; t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
REV; 4+ Ay t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A%k 4 t-2:t-2 t-2:t-2 t-2:t-2
A=l 2:6-2 6262 622
it—1
AQyi,t
AQi¢
Aai,t
A(oip * Ayig)
ARANGE;;
A(RANGE,LJ * Ayi,t)
AREV;;

A(REV;; * Ayit)
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Table 7*: Alternative Instruments
Comparing Linear Controls for Effects of Uncertainty

(1) (2) (3) (4) (5) (6)
Ak Ak Ak i o o
N -.427 -.442 479
(.096)*** (.093) %= (.109)***
Futm -.288 -.208 -.342
it—1
(111)*** (111)** (.122)**
Ayt .076 .082 124 .067 .074 .105
(.061) (.062) (.067)* (.060) (.061) (.059)*
Ay 414 424 .400 .299 .297 .269
(.104)** (.099)*** (.108)*** (.079)*** (.081)** (.082)***
(kz’,t—l — yiyt_l) -.103 -.103 -.143
(.045)** (.045)* (.057)*
Qi .020 .020 .027
(.009)** (.009)* (.009)***
Aoy -.023 -.030 .003 -.006
(.022) (.021) (.019) (.018)
Oit—1 -.049 -.057 -.018 -.021
! (.032) (.030)* (.027) (.026)
ARANGE;; -.120 .188 -.142 .049
(.060)** (:242) (.054)*** (.194)
RANGE; ;1 -.205 -.136 -.192 .083
(.079)*** (.449) (.080)** (.375)
AREV;, -.303 -.739 -.325 -.519
(.129)** (.613) (116)*** (.485)
REV; 1 -.486 -.121 -.471 -.725
(.186)*** (1.104) (.184)* (:906)
Sargan/Hansen .643 .641 .501 776 728 A71
DoF 103 103 103 106 106 106
AR1 -1.905 -1.873 -1.257 -2.726 -2.674 -2.085
AR2 -4.06 -4.124 -4.012 -2.492 -2.538 -2.554
AR3 .096 151 .209 331 282 43
AR4 .085 .02 215 -.06 -.023 -.244
Instruments For Equations in First Differences
Ak t-3:t-4 t-3:t-4 t-3:t-4
et £-3:t-4 t-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki,t — yi,t) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4
RANGE; ; t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A2k y t-2:-2 t-2:t-2 t-2:t-2
AL £-2:4-2 £-2:t-2 £-2:t-2
it—1
A2yi,t
AQ;t
Aai‘,t
ARANGE;;
AREV;,
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Table 8*: Alternative Instruments
Comparing Controls For Sales Growth Interaction Effects of Uncertainty

(1) 2 (13) (14)
Akiy Ak Ric Ris
Ak -.339 -.350
(.063)*** (.064)**
Ii
Ki,’tjl -.296 -.317
(.063)*** (.062)***
Ay -1 101 .096 .090 .095
(.058)* (.060) (.051)* (.051)*
O ¥ AYiy -.218 -.204 -.130 -.125
(.109)** (.107)* (077)* (.086)
RANGEZt * Ayi,t -.045 .169
' (.272) (.147)
REV; 4+ Ay -.138 .376
(.683) (.275)
Ay .835 .830 464 .464
(.185)*** (.183)*** (172)** (.185)**
(kz',t—l — yiyt_l) -.155 -.160
(.052)*** (.053)***
Qi .028 .028
(.008)*** (.007)***
Sargan/Hansen .248 247 .46 .52
DoF 143 143 146 146
AR1 -3.356 -2.996 -3.748 -3.548
AR2 -4.557 -4.43 -3.362 -3.546
AR3 -.199 -.235 -.186 -.157
AR4 727 727 .903 .882
Instruments For Equations in First Differences
Ak t-3:t-4 t-3:t-4
Lt t-3:t-4 t-3:t-4
it—1
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — yit) t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
ot * Ay t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
RANGE;; t-3:t-4 t-3:t-4
RANGE;; * Ay t-3:t-4 t-3:t-4
REV;; t-3:t-4 t-3:t-4
REV; s * Ay y t-3:t-4 t-3:t-4
Instruments For Equations in Levels
Azkiﬂt t-2:t-2 t-2:t-2
Tit—1 . .
AK’i,tI,—l t-2:t-2 t-2:t-2
Azyi,t
AQi¢
AO’iyt
A(Ui,t * Ayi,t)
ARANGE;;
A(RANGEzt * Ayi,t)
AREV;,

A(REV; s * Ay;¢)
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Table 9*: Alternative Instruments
Combining Stock Return Volatility and I/B/E/S Controls For Uncertainty

(1) (2) () (14) (}5) (16)
Ak” Aki’t Aki‘t Kffz Klzzt K;.tt
Akt -.158 -.289 -.308
(.093)* (.088)*** (.090)***
Fu=L ~.085 -.242 -.265
i,t—1
(.116) (111)** (.105)**
Ayt .096 .060 .066 .064 .056 .061
(.050)* (.059) (.060) (.050) (.057) (.057)
Oip* Ayiy -.346 -.190 -.196 -.164 -.059 -.076
(.095)*** (.112)* (.110)* (.086)* (.072) (.074)
(kit—1 — Yit—1) -.137 -.122 -.127
(.047)** (.046)*** (.046)**
Qi .031 .026 .025
(.009)*** (.008)*** (.008)***
ARANGE;, -.139 -127
(.055)** (.051)**
RANGE; 1 -.231 -.201
(.089)*** (.076)**
AREV;, -.355 -311
(.139)** (115)***
REV; 1 -.570 -.493
(:225)** (178)"*"
Sargan/Hansen .633 432 .384 .643 .808 .831
DoF 104 123 123 107 126 126
AR1 -3.394 -3.021 -2.7 -3.654 -2.833 -2.833
AR2 -2.829 -3.548 -3.454 -1.282 -2.304 -2.51
AR3 -.103 -.026 -.002 -.268 .019 .031
AR4 .653 .091 .067 1.101 158 152
Instruments For Equations in First Differences
AV t-3:t-4 t-3:t-4 t-3:t-4
L £-3:t-4 £-3:t-4 t-3:t-4
Ayt t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
(ki — vit) t-3:t-4 t-3:t-4 t-3:t-4
Qi t-3:t-4 t-3:t-4 t-3:t-4
Ot t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
oit* Ayiy t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4 t-3:t-4
RANGE; t-3:t-4 t-3:t-4
REV; t-3:t-4 t-3:t-4
Instruments For Equations in Levels
A2k y t-2:-2 t-2:-2 t-2:t-2
Afut=L £-2:4-2 £-2:4-2 £-2:t-2
it—1
AZyi,t
AQiy
AO’i"t
Ao * Ayiyg)
ARANGE;;
AREV;,
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