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Abstract

This paper investigates how cross-sectional micro-uncertainty influences the investment of small and
large firms and discusses the aggregate implications of the heterogeneity in their investment decisions.
Empirically, we find that large firms show less investment decline in times of heightened uncertainty.
We provide empirical evidence for the underlying driver of the observed size effect: the heterogenous
responses across firms are in fact the consequence of large firms operating in multiple markets rather
than their size per se. To interpret these findings, we build a heterogeneous firm model with single- and
multi-unit firms subject to (i) unit-level real frictions, i.e., fixed and convex investment adjustment costs
and (ii) firm-level financial frictions, i.e., costly equity issuance. In the model with unit-level frictions, an
increase in uncertainty lowers the investment of both single and multi-unit firms through a ‘wait-and-see’
effect. For a multi-unit firm, on the other hand, firm-level financial frictions generate the interdependence
of investment across units within a firm, i.e., a fall in investment in one unit enlarges internal funds and
so relaxes the constraint on the amount a firm can invest in the other unit. Therefore, upon uncertainty
shocks, multi-unit firms lower their investment by less than single-unit firms. This is because the ‘wait-
and-see’ effect is partially offset by the relaxation of financial constraints due to the availability of larger
internal funds when investment in one unit decreases. To examine the aggregate implications due to the
heterogeneity in firms’ responses, we compare the benchmark economy to a counterfactual economy with
only single-unit firms. The result shows that the contribution of multi-unit firms is sizable in alleviating

the impact of uncertainty shocks on aggregate investment.
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1. Introduction

How uncertainty affects economic activities has been a long-lasting question and has recently drawn partic-
ular attention under the COVID-19 pandemic. The general consensus in the literature is that uncertainty has
a negative impact on economic activities, especially investment. Rich evidence from existing studies shows
the impact of uncertainty shocks on aggregate investment (Gilchrist et al. (2014), Bloom et al. (2018)) and
the average impact on firm-level investment (Leahy and Whited (1995), Bloom et al. (2007)). However, the
literature has not paid much attention to how the impact of uncertainty shocks is systematically different
across firms and the underlying reasons for this difference. In this paper, we fill the gap in the literature by
investigating how uncertainty influences the investment of small and large firms and discuss the aggregate im-
plications. Examining the differential impact of uncertainty shock is important because it helps to understand
the transmission mechanism of uncertainty to investment choice. At the same time, we can precisely evaluate
the overall impact of uncertainty shocks on aggregate investment because it would depend on the distribution
of firms.

The key questions in this paper are as follows: (i) Do small and large firms respond differently to an
increase in uncertainty? (ii) If so, what is the potential source of the discrepancy? (iii) What is the macroeco-
nomic consequence due to the heterogeneity in investment decisions? We address these questions in two steps.
First, using micro firm-level data, we document empirical findings that small firms reduce their investment
more than large firms in times of heightened uncertainty. We provide empirical evidence for the underlying
mechanism of the observed size effect — the number of lines of business. Second, we build a heterogeneous
firm model with single and multi-production unit firms to account for the findings and discuss the aggregate
implications.

We start by conducting an empirical analysis using detailed U.S. firm-level Compustat data. This dataset
allows us to investigate relatively high-frequency long-panel data, which helps to precisely estimate the size
effect. Furthermore, the rich balance-sheet information enables us to uncover the size effect. The uncertainty
measure is based on the cross-sectional dispersion of the unexpected component of the industry-level output
growth rate over the economy following Bloom et al. (2018). In the baseline analysis, we estimate how the
semi-elasticity of investment with respect to uncertainty varies with firm size. We find that a firm whose size
is one standard deviation larger than that of the average firm is one-third less responsive to uncertainty. This
result is robust under various specifications. In particular, we control the interaction between size and another
set of aggregate variables to alleviate the concern that the observed size effect merely reflects the excess cycli-
cality of small firms documented by Crouzet and Mehrotra (2020) due to the highly countercyclical nature of
uncertainty.

Based on the previous finding, we proceed to uncover the observed size effect. We find that the heteroge-
neous responses across firms are in fact the consequence of large firms operating in multiple markets rather
than their size per se. That is, once we control the number of lines of business, firm size loses its significance,
explaining differential investment responses to an increase in uncertainty. However, the semi-elasticity of in-
vestment to uncertainty significantly depends on the number of lines of business such that a firm with one
more line of business is one-half less responsive. We control another set of variables that might explain the
size effect. In particular, a higher firm borrowing cost due to the increase in default risk is one of the important
channels through which uncertainty has a real effect. Since large firms or firms operating in multiple markets

tend to have a lower level of default probability, the size effect might reflect the default risk channel. In this



regard, we control firm-level leverage and “distance to default”, which are known to capture firm-level default
risk (Ottonello and Winberry (2020)). However, we do not find any evidence that the observed size effect is
associated with firm-level default probability or debt burden.

To interpret the empirical findings and discuss the aggregate implications, we build a standard general
equilibrium heterogeneous firm model with two extensions. First, firms are allowed to choose the number
of production units when they enter the market. The unit can be interpreted as a different line of business, a
different factory, or a different geographical market as long as it needs its own production inputs and faces a
certain degree of idiosyncratic shocks. Second, each firm faces two types of frictions. At the unit level, a firm
has to incur fixed and convex adjustment costs upon non-zero investment. At the firm level, if a firm decides
to raise funds from the external financial market, it has to pay a finance cost as in Gomes (2001). Due to
firm-level financial frictions, the boundary of the firm has an important implication for firm-level investment
behavior.

In the model, multi-unit firms are less responsive to uncertainty shocks, and most of the dampened effect
is associated with the interaction between the real options channel and the negative inter-dependence of in-
vestment within a multi-unit firm. The negative inter-dependence arises from the real and financial frictions
that cause a multi-unit firm to give up investing in both units simultaneously. Under this situation, even though
a multi-unit firm has good investment opportunity in one unit, it is sometimes willing to give up because the
other unit has a better opportunity, i.e., the investment in one unit has a negative effect on the other unit’s
investment. Then, how does this negative interrelationship alleviate the impact of uncertainty shocks? An
increase in uncertainty causes firms to pause their investment through the real options channel initially. At
the same time, the initial decrease in investment in both units in turn has a positive effect on the other unit’s
investments due to the negative inter-dependence. Hence, the initial decrease in investment through the real
options channel is partially offset by the positive effect from negative inter-dependence. Obviously, multi-unit
firm diversification also has a dampening effect, but we find that the majority of differences are accounted for
by the negative interdependence effect.

We calibrate the model to match the standard moments in the literature. The model generates the non-
targeted moments from the empirical analysis reasonably well. Then, we study the aggregate implication of
firm-level heterogeneity by contrasting the benchmark economy to the counterpart economy with only single-
unit firms. The goal of this analysis is to investigate the contribution of a multi-unit firm’s dampened response
to aggregate investment fluctuation due to uncertainty shocks. We find that the presence of a multi-unit firm
has an adverse effect on a single-unit firm’s response because the general equilibrium-smoothing effect is less
favorable to single-unit firms in the benchmark economy. However, overall, a multi-unit firm helps to mitigate
the negative effect of uncertainty shocks on aggregate investment. This result arises from the fact that multi-
unit firms account for a significant portion of the economy and the dampened effect of the multi-unit firm’s
response is large. This result suggests that the role of heterogeneity crucially depends on the adjustment of
the market price, especially the real interest rate, and the distribution of firms.

The remainder of the paper is organized as follows: Section 2 provides information on the related liter-
ature. Section 3 provides micro empirical evidence. Section 4 describes the structural model to address the

main question. Section 5 concludes.



2. Literature review

This paper contributes to three broad streams of literature. The first stream explores the role of uncertainty
shocks over the business cycle. Several related works uncover the effect of uncertainty shocks using a struc-
tural general equilibrium model. Bachmann and Bayer (2013) and Bloom et al. (2018) show the macroeco-
nomic implications of uncertainty shocks using a framework under real frictions, i.e., non-convex adjustment
costs, in a frictionless financial market environment. Another set of papers focuses on the financial friction
channel through which uncertainty shocks affect real variables. Arellano et al. (2019) explore the effect of
volatility shocks on the labor market under an incomplete financial market with default risk. In a similar spirit,
Gilchrist et al. (2014) emphasizes the role of financial frictions due to default risk. Christiano et al. (2014) pro-
vide a relatively simple framework to explore the impact of volatility shocks on the agency problem. They
show that a significant portion of business cycle fluctuations in the U.S. can be explained by volatility shocks.
Unlike the papers listed above, Alfaro et al. (2018) argue that both real and financial frictions are important.
They show that the interaction between these frictions indeed amplifies the effect of uncertainty shocks under
partial equilibrium. Our model is closely related to Alfaro et al. (2018) in terms of the frictions imposed, but
we investigate the general equilibrium implications and distinguish single and multi-unit firms. We contribute
to the literature by showing that the effect of uncertainty shocks significantly relies on certain characteristics
of firms, i.e., the number of production units, and the aggregate implications due to the firm’s heterogeneous
responses.

Second, this paper contributes to the literature on small and large firms’ business cycle fluctuations.
Ghosal and Ye (2015) and Ghosal and Loungani (2000) show that an industry that is more populated by small
firms tends to respond more to uncertainty shocks in terms of investment and employment. Gertler and Gilchrist
(1994) show that small firms respond more to monetary policy shocks than larger firms by focusing on the
Romer-Romer episodes. Extending the dataset used by Gertler and Gilchrist (1994), Chari et al. (2007) argue
that the average cyclical behavior of small firms is roughly the same as that of large firms in more general re-
cession episodes other than the Romer-Romer dates. Based on the same dataset, Kudlyak and Sanchez (2017)
show that large firms’ short-term debt and sales contracted relatively more than those of small firms during
the 2008 financial crisis. Recently, Crouzet and Mehrotra (2020) show that the top 1% of large firms are less
cyclically sensitive than the bottom 99% of smaller firms and that the industry scope of the largest firms is
associated with the size effect. We extend this literature by showing the differential impact of uncertainty
shocks on small and large firms and by providing an underlying mechanism—empirically and theoretically—to
explain the size effect.

Third, this paper contributes to the literature that studies the implications of firms’ boundaries on invest-
ment decisions. Matvos and Seru (2014) show that resource allocation within diversified firms significantly
alleviates the effect of external financial market disruption on investment choice. Giroud and Mueller (2015)
show that shocks to one plant propagate to other plants within the same firm by reallocating capital and labor.
They show that this interaction is significant only if the firm is financially constrained. Almeida et al. (2015)
studies capital allocation within Korean business groups (chaebol) in the aftermath of the 1997 Asian crisis.
They show that chaebol reallocated the resources from firms with low-growth opportunity to high-growth
opportunity firms, which helps to mitigate the effect of financial disruption. Kehrig and Vincent (2017) show
that among multi-plant firms, most of the variation in the plant-level investment rate occurs within a firm

rather than between firms. They argue that in the presence of real and financial frictions, dispersion within a



firm is a result of optimizing behavior and will improve firm performance. We contribute to the literature by
showing that the firm’s boundaries also play an important role in determining the effect of uncertainty shocks

on investment.

3. Empirical findings - Micro evidence

In this section, we present the main empirical findings. Based on detailed U.S. firm-level Compustat data,
we investigate the differential impact of uncertainty shocks on small and large firms. Rich balance sheet data

enable us to understand that the observed size effect is driven by the number of lines of business.

3.1. Why do small firms decrease their investment more?

In this section, we address the following questions: (i) Are small firms more responsive to uncertainty shocks
than large firms? (ii) If so, what characteristics of small and large firms make the discrepancy? Detailed U.S.
firm-level Compustat data are used to address the above questions. This dataset allows us to investigate high-
frequency long-panel data, which help to precisely estimate the size effect. Furthermore, rich balance sheet
data, which are merged with two other datasets, i.e., Compustat Segment and CRSP, enable us to distinguish

the size effect from effects due to another dimension of heterogeneity.

3.1.1. Data Description

Firm-Level Variables The main dependent variable is Alogk; 1, where k; ;11 is the book value of the tangi-
ble capital stock of firm i at the end of period ¢, which is deflated by the nonresidential fixed investment good
deflator. The log of real sales and the book value of total assets are used as proxies of firm size. Another set
of variables capturing the firm-level characteristic consists of liquidity, the sales growth rate, current-assets-
to-total-assets ratio, the sales-to-capital ratio, leverage, the distance to default, and the number of lines of
business. The main firm-level characteristics other than firm size are leverage, the distance to default and
the number of lines of business because they are potential candidates that might explain the observed size
effects. The detailed reasons for the choice of these variables are described in the following section. To
calculate the distance to default, we merge Compustat with CRSP data and follow Bharath and Shumway
(2008) for data processing. The information on the number of lines of business is drawn from Compustat
Segment data and calculated following Decker et al. (2016)." The sample period is from 1987Q1 to 2017Q4,
and the data are cleaned and constructed based on the standard practice in the investment literature, follow-
ing Ottonello and Winberry (2020). Details on the data cleaning and construction process are available in the
appendix. Table 1 presents the summary statistics of the main variables used in the empirical analysis.

Panel (i) in Table 1 shows the marginal distribution of selected firm-level variables, and Panel (ii) shows
the unconditional pairwise correlations. As we can see in Panel (ii), large firms tend to have more lines of
business and a higher value of distance to default, which justifies their use as potential sources of size effects.
Furthermore, the distance to default is negatively correlated with a firm’s leverage, which means that a higher

debt burden implies a higher default risk.

I'Since the Compustat Segment data contain only annual frequency information, the annual information on the lines of business is
used to fill in the quarterly data within the same calendar year.



Table 1: Summary statistics

(i) Marginal Distributions

size (sales) size (total assets) Alnk lev lob dd
Mean 4.02 5.06 0.007 0.28 249 3.84
Median 4.17 5.48 0.0005 0.23 2 3.53
Std 2.5 2.45 0.13 038 158 4.0
Bottom 5% -0.18 1.59 -0.08 0 1 -0.69
Top 5 % 7.9 9.56 0.12 0.73 6 10.06
(i1) Correlation matrix
size (sales) size (total assets) lob lev dd
size (sales) 1.0
size (total assets) 0.9324 1.0
lob 0.3220 0.3178 1.0
lev -0.017 0.0483 0.0177 1.0
dd 0.2168 0.2725 0.0758 -0.2200 1.0

Note: Size is the log of real sales or the book value of total assets, Aln k is the change in the capital stock, lev is the ratio of total debt
to total assets, dd is the distance to default measure, and lob is the number of lines of business.

Uncertainty Shocks The uncertainty measure is based on the cross-sectional dispersion of the industry-
level output growth rate over the economy following Bloom et al. (2018). The main advantage of using this
uncertainty measure compared to previous works in the literature that use firm-level volatility as a proxy of
uncertainty is that it can alleviate potential endogeneity issues because all firms in the economy face the same
degree of uncertainty, which is orthogonal to the idiosyncratic firm-level endogenous components driving
firm-level volatility shocks. Furthermore, this choice of uncertainty is consistent with the uncertainty in the
model. In the structural model, the firm is not identical to the production unit, and it can own different produc-
tion units with different productivities. The uncertainty shock is the time-varying cross-sectional dispersion
of tomorrow’s unit-level productivities. Since the lines of business that are identified by the industry (SIC
4-digit) in the empirical analysis correspond to the production units in the model, the uncertainty based on the
cross-sectional dispersion of industry-level output growth is the most suitable choice.

We identify the uncertainty measure by first estimating the following regression for each industry s

g1 = O+ Bsg) + VZs + s v

where g/ is the industry s’s output growth at time #, Z; is the observable macro conditions, i.e., GDP growth,
the effective federal funds rate, the unemployment rate, and the CPI inflation rate. Then, the unforeseen

components of industry output growth rate u, ;1 consist of common factor f; | and idiosyncratic factor &

Usr+1 = fie1 + Ept1-

Since the main focus is the cross-sectional dispersion of industry-specific unforeseen shocks &, 1, to back
them out, we run a simple panel regression with only time-fixed effects and sector-fixed effects to control not

only the common factor but also permanent differences across sectors.

Uspr1 = 04 + O+ €5p41-



Then, we use e, as an estimate for &1, calculate the interquartile range of e, across sectors and use

that as a proxy of uncertainty at time ¢
O = IQRt(es,t+1)-

3.1.2. Heterogeneous Response to Uncertainty Shocks

Baseline Results The baseline regression is
Alogki i1 = 0+ Oy + Bsizei,—1 x Unc, +T'Z;i 1 + € (1)

where o is a firm-level fixed effect, o, is a sector-by-time fixed effect, and Z;;_; consists of the lagged
value of firm-level control variables, i.e., leverage, the distance to default, liquidity, the number of lines of
business, sales growth, the current-assets-to-total-assets ratio, size, and the fiscal quarter. Z;,_; also includes
the interaction of lagged size with the current period GDP growth rate due to the strong countercyclical nature
of uncertainty shocks. The log of real sales and real total assets are used to proxy for size. The lagged value of
size and firm-level controls are used to alleviate potential endogeneity issues. The main coefficient of interest
is B, which measures how the semi-elasticity of investment Alogk;,,; with respect to uncertainty shocks
depends on firm size. In the regression, both size measures are standardized over the entire sample. Hence,
the increase in one unit of the size measure can be interpreted as one standard deviation of the size relative to
the sample mean. Standard errors are clustered in two ways to account for correlation within firms and within

quarters.
Table 2: Results of the baseline regression

Dependent variable: Alogk;; 1

1 2 3 4

Size x Uncertainty 0.29* 0.28** 0.25* 0.29**
(0.13) (0.14) (0.11) (0.13)

Uncertainty —-0.777*  —0.70***
0.21) (0.20)

Observations 240,724 240,724 240,724 240,724
R? 0.1127 0.1126 0.099 0.99
Size measure Sales Total asset Sales Total asset

(Standard errors in parentheses are two-way clustered by firm and quarter.
*p<0.1, *p <0.05, **p<0.01.)

Columns 1 and 2 in Table 2 show the results of the baseline regression. The coefficient estimate of the
cross-product term is positive and statistically significant in both size measure specifications. Hence, smaller
firms reduce their investment more than larger firms in response to increase in uncertainty. Since the results
from different size measures give very similar results, we focus on sales in the following analysis.

To investigate the average effect of uncertainty shocks on firms, the sector-by-time fixed effect is omitted,



and the following regression is estimated with uncertainty shocks as well as other sets of aggregate variables.
Alogki 1 = 0+ g+ YUnc, + Bsizei;—1 X Unc, + F’lz,-J_l + F’ZY, + &y 2)

where a; , is the sector-by-quarter fixed effects to control for seasonality and aggregate control variables Y;
consisting of the GDP growth rate, monetary policy rate, CPI-based inflation rate, and unemployment rate.
Other control variables are the same as in the previous regression (1). Columns 3 and 4 in Table 2 report
the regression results. Consistent with the existing literature Bloom (2009), the average impact of uncertainty
shocks is estimated to be negative and statistically significant. The average investment semi-elasticity is -0.77
in response to a one-percentage-point increase in uncertainty. The cross-product term is still positive and sta-
tistically significant such that if the firm size is one standard deviation larger than that of the average firm, its

investment semi-elasticity increases by 0.25, which is roughly one-third of the average firm’s response.

Deciphering Mechanism We provide evidence for the underlying mechanism of the observed size effect.
Based on the positive correlation between firm size and the number of lines of business, the following em-
pirical analysis shows that the observed size effect is explained mostly by the number of lines of business.
To rule out other possibilities, we also control the firm-level leverage ratio and distance to default measure.
The choice of those controls is motivated by the theory in the literature—a higher firm borrowing cost due
to the increase in default risk is an important channel through which uncertainty shocks affect real variables
(Arellano et al. (2019), Gilchrist et al. (2014) and Christiano et al. (2014)). Since firm size is also highly cor-
related with the firm’s default risk, as we have seen in Table 1, the observed size effect might represent the
default risk channel. However, as is evident in the following regression analysis, the default channel does
not seem to be successful in explaining the observed size effects. We provide further evidence that extensive
margin adjustment plays an important role in explaining the differential responses, which suggests that the
real options effect is asymmetric across firms.

We run the following version of regressions to uncover the size effect:
Alogki +1 = 0+ Oy + Bsizei—1 x Unc, + ByVig—1 x Unc, +T'Z;—1 + €. 3)

The main difference between this version of the regression and the baseline regression (1) is the additional
inclusion of the cross-product of uncertainty with a variable of interest, i.e., v;;—1, which is leverage, distance
to default or the number of lines of business (four-digit SIC codes). For each variable of interest, a different
regression is performed with a different cross-product term. The leverage and distance to default are chosen to
capture the default risk as in Ottonello and Winberry (2020). As in Decker et al. (2016) and Matvos and Seru
(2014), the number of lines of business (identified by four-digit SIC codes) is used for the number of produc-
tion units each firm owns.

Table 3 shows the results. Column 1 repeats the results of the baseline regression (1) for ease of compar-
ison. Columns 2 and 3 show the regression results when the leverage and distance to default are controlled,
respectively. However, their inclusion does not seem to change the coefficient estimate of the size effect rela-
tive to the baseline results in Column 1. Column 4 shows the results with the number of firm production units.
Compared to the default-level proxies, the number of production units significantly affects the coefficient es-

timate of the size effect. Column 5 includes all variables, and column 6 includes all variables but dropping



Table 3: Results of regression (3)

Dependent variable: Alogk;

Size x Uncertainty 0.291#*  0.278**  (0.263** 0.144 0.091 0.112
(0.130) (0.131) (0.129)  (0.110) (0.109) (0.109)

Lev x Uncertainty 0.081 0.131 0.129
(0.078) (0.084) (0.086)

DD x Uncertainty 0.155%* 0.186%* -0.074
(0.077) (0.082) (0.126)
LoB x Uncertainty 0.253%**  (0.252%%*  (.256%**

(0.06) (0.061) (0.064)

Uncertainty -0.71%%%
(0.298)

Observations 240,724 240,724 240,724 240,724 240,724 240,729
R? 0.1127  0.1127  0.1127 0.1129 0.1130 0.0999

(Standard errors in parentheses are two-way clustered by firm and quarter.
*p<0.1, *p <0.05, **p <0.01.)

sector and time fixed effects to examine the average effect of uncertainty shocks, as in regression (2). The
overall results suggest that the size effect is not driven mainly by the default-risk mechanism and that the

number of production units has important implications for the observed size effect.

Ex-post behavior — Ruling out the default risk channel Focusing on ex ante firm-level heterogeneity would
not be enough to rule out the possibility of the default-risk channel because there might be unobserved firm-
level characteristics that covariate with firm size but cause the default risk of small firms to increase more than
that of large firms. Alternatively, the number of production units would be a better proxy for a firm’s default
risk because if a firm owns more production units, it might be perceived as well diversified. In that case,
a small firm’s (stand-alone firm’s) borrowing costs increase more, and hence, the small firm’s (stand-alone
firm’s) investment drops more. To rule out this possibility, we investigate the ex post change in default risks
and financial variables. Similar to equation (2), except for the dependent variables, the following regression is
performed:

Ayiy = Qi+ O g+ YUnc, + Bsizei 1 x Unc, +T1Z;; 1 + 1Y, + €, 4

where Ay; ; equals three variables, namely, the change in the distance to default, the change in short-term debt,

and the change in long-term debt.”

As we can see in Table 4, the coefficients on uncertainty are estimated to be statistically significant except

ZA change in the distance to default is normalized by its own lagged value, and changes in short-term and long-term debt are
normalized by the lagged value of total assets.



Table 4: Results of regression (4)

Dep Var Add A short-term debt A total debt
1 2 3 4 5 6 7 8 9
Unc -5.967*  -5.845% -5.840*  -0.039 -0.036  -0.023  -0.172* -0.166* -0.194*

(3.269) (3.282) (3.303) (0.032) (0.032) (0.031) (0.090) (0.092) (0.105)

Size x Unc -0.654  -0.748 -0.019  -0.017 -0.035 -0.042
(0.752)  (0.766) (0.022)  (0.024) (0.027)  (0.026)

LoB x Unc 0.091 -0.006 0.023
(0.414) (0.006) (0.015)

Observations 237,339 237,339 237,339 239,791 239,791 239,791 239,715 239,715 239,715
R? 0.0357  0.0357 0.357 0.0263  0.0263  0.0263  0.0663  0.0663  0.0663

(Standard errors in parentheses are two-way clustered by firm and quarter.
*p<0.1, *p <0.05, “**p <0.01.)

those for the short-term debt, and all of them are estimated to be negative. Hence, uncertainty has a negative
impact on all the dependent variables on average. However, the coefficient estimates on the cross-product
between size and uncertainty turn out to be statistically insignificant in all cases. Furthermore, the signs of
estimates are at odds with the idea that the size effect represents the default risk channel because negative
coefficients imply that a large firm’s default risk or financial variables respond more to uncertainty shocks.
We also include the interaction of the number of lines of business and uncertainty in Columns (3), (6), and (9),
but the coefficients are not significantly different from zero. Overall, the findings in Table 4 seem inconsistent

with the view that the observed size effect is driven mainly by the default risk channel.

Ex-post behavior — Supporting the real options channel In the following analysis, we show additional
evidence consistent with the idea that the observed size effect is closely related to the asymmetric wait-and-
see effect across different firms. Under the real options mechanism, uncertainty has a negative impact on a
firm’s investment through wait-and-see effects. That is, firms are more cautious about their investment due
to the fixed costs, so extensive margin adjustment plays an important role. Hence, if the real options channel
drives the observed size effect, small and large firms must show different patterns in terms of an extensive
margin as well as an intensive margin choice. The following version of the regression is performed to confirm

the prediction:
I(l'jJ /ij_] > 0.05) =0+ Oy + ﬂsizem_] x Unc; + ﬁLOBLOB,'J_] x Unc; + F/Z,'J_1 + &y (5

where i, is the capital expenditures, k;,_; is the lagged value of tangible capital, and the dependent
variable I(i;,/kj,—1 > 0.05) is the indicator variable, which takes a value of 1 if the firm’s investment rate
ij¢/kjs—1 is larger than 5 percent or O otherwise. Here, we focus on large investment change, which is called
investment spikes in the literature rather than inaction with zero investment because identifying inaction pre-
cisely at the micro level is a difficult task due to the substantial heterogeneity (i) in capital assets with asso-

ciated heterogeneity in the depreciation rate and adjustment costs and (ii) in the types of investment episodes

10



(e.g., maintenance vs. large new projects), as noted by Cooper and Haltiwanger (2006).
Table 5: Results of baseline regression (5)

Dependent variable: I(i;, /k;j,—1 > 0.05)

1 2 3 4
Size x Uncertainty 1.204%#%%* 0.431 0.428
(0.398) (0.473)  (0.504)
LoB x Uncertainty 1.422%%%  1.335%%% 1. 26%%*

(0.323) (0.370)  (0.371)

Uncertainty -1.63%*
(0.86)

Observations 235,695 235,695 235,695 235,700
R? 0.3404 0.3406 0.3406 0.3283

(Standard errors in parentheses are two-way clustered by firm and quarter.
*p<0.1, *p <0.05, **p <0.01.)

Table 5 shows the results. Column 1 reports the results with the size effect. Consistent with the prediction
of the real options channel, if firm size is one standard deviation larger than the average firm, the probability of
investment spikes increases by 1.2 percent. Column 2 reports the result with lines of business. If a firm owns
one more line of business relative to the average number, the probability of investment spikes increases by
1.4 percent in response to uncertainty shocks. Column 3 shows the regression results when both the size and
the number of lines of business are controlled. The inclusion of the number of lines of business significantly
affects the coefficient estimate of the size effect, but that of lines of business is barely affected. Column
4 drops sector by time fixed effects to examine the average effect of uncertainty shocks, as in regression
(2). The average effect of uncertainty shocks is estimated to be negative and statistically significant, and the
effect is weaker for multi-unit firms. Therefore, the overall results suggest that the size effect reflects the real
options channel rather than the default risk mechanism and that the real options effect is weaker for larger
firms because they operate in multiple production units. In the following section, we build up a structural

model to explain the asymmetric real options effects on small and large firms based on the empirical findings.

4. Model

The model builds on Bachmann and Bayer (2013) and Bloom et al. (2018), who study the impact of uncer-
tainty shocks based on the wait-and-see mechanism under the general equilibrium framework. The economy
consists of three types of agents: a representative household, single-unit firms, and multi-unit firms. The house-
hold consumes final goods, owns firms and supplies labor. Firms operate either single- or multi-production
units. The units can be interpreted as different factories, different geographic markets, or different business

segments or product lines within a firm as long as they need their own input for the production process and

3The choice of a 5 percent threshold is standard in the literature (20 percent in the annual horizon). However, the result is not
sensitive to thresholds from 3 to 15 percent.
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face a certain degree of idiosyncratic shocks, such as demand or productivity shocks. Firms are able to choose
the number of units when they enter the market. They hire labor to produce final goods and accumulate capital,
which is subject to fixed and convex investment adjustment costs. The main departure of this model from the
standard wait-and-see literature is a wedge between internal and external funds. In particular, when firms do
not have enough funds to finance their investment project from their profit, they are able to issue new equity
by paying finance costs, as in Gomes (2001). To focus on the friction between internal and external funds, we

abstract from the distinction between debt and equity financing.

4.1. Firms

Physical environment The economy consists of a unit measure of firms that can choose the number of units
to operate upon the entry. A multi-unit firm is assumed to own 2 different production units for numerical
tractability. A large number of production units exponentially increases the computation burden due to the
curse of dimensionality without adding any economic intuition.

For any given period, my € (0,1) new firms enter the economy, and each firm draws a fixed cost y from
the distribution F (7). The random fixed cost 7y follows i.i.d across firms and time. Given this cost, they decide
whether to be multi-unit firms by paying it in the labor unit. Otherwise, the firm will be a single-unit firm
without any cost. The initial state and optimization problem of entrants will be described below. To keep the
measure of firms constant, it is assumed that each firm faces a fixed exit probability, 7wy, that it will be forced
to exit the market after production in each period.

Each production unit is featured by Cobb-Douglas DRS technology
y=Az%", O0<a+v<l,
A is an aggregate TFP following the AR(1) process, which is common across all units in the economy:
InA' = pslnA + €y, €, ~N(0,63),
and z is a unit-level idiosyncratic productivity that also follows the AR(1) process for single-unit firms:
In7 = p,nz+e,, € ~N(0, GZZ),
and follows the VAR(1) process for multi-unit firms:
S |
InZ, 0 p.| |lnz gl g

allowing nonzero correlation between different units within a multi-unit firm, which will reflect the firm-level

2

O. o
~N(0,%) 2:[ : 122]
O12 O

Z

shocks affecting both units within a firm. The standard deviation of future shocks 04 and o are known at the
current period and are time-varying based on a two-state Markov chain.* The timing assumption reflects that
firms become informed about the distribution of future shocks A" and 7’ that they will face. Thus, the evolution
of 04 and o, broadly captures the uncertainty of tomorrow’s business conditions. & is the capital stock, and n

is the labor hired for the production of output.

4We assume that the correlation across different units within a firm is constant over time so that the covariance is also time-varying.
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The beginning of the period distribution of single-unit firms over (z,k) is denoted by g and that of multi-
unit firms over (z;,z2,k;,kz) is denoted by p;. Therefore, the aggregate TFP A, the volatility of aggregate
TFP o4, the volatility of unit-specific productivity shocks o, and the distributions ug and p; constitute the
aggregate state S = {A, 04, 0;, Us, UL}

Firms are subject to unit-level real frictions and firm-level financial frictions. Specifically, at the unit level,
a firm has to incur fixed and convex adjustment costs upon non-zero investment. Formally,

9 (k’— (1-8)k

ADJK (k, k) = = .

2
: >k+¢ﬂ@@£u—5w) 6)

The fixed cost captures the disruptive effect of investment on the production process due to restructuring
or installing new capital (Caballero et al. (1995), Cooper and Haltiwanger (2006), Doms et al. (1998), and
Gourio and Kashyap (2007)). At the firm level, if a firm decides to raise funds from the external financial

market, it has to pay a finance cost as in Gomes (2001)

] d
W(d:S) = vi+wm(S)x |d| if d<0 o
0 if d>0

Due to this extra cost, firms take external sources of funds as a last resource only when the sum of capital
adjustment cost and investment exceeds the operating profit. This cost reflects expenditures for both direct
costs associated with various information and disclosure requirements and other administrative expenses or
indirect costs related to asymmetric information and managerial incentive problems. We also assume that the
marginal finance cost y,(S) is a function of aggregate states, especially an increasing function of uncertainty
following Alfaro et al. (2018). This assumption is motivated by (i) the predictions from the micro-founded
model (Bigio (2015)), which show a negative relationship between uncertainty and financing costs based on
adverse selection, and (ii) empirical evidence that uncertainty and external finance costs are highly positively
correlated (Caldara et al. (2016)). All adjustment costs are in labor units and rebated to the representative

household as a lump sum.

Single-unit firms At the beginning of the period, aggregate state S is realized, and a firm starts with capital
stock k and idiosyncratic productivity z. Given the states, firms hire labor and produce output. Immediately
thereafter, firms learn whether they exit with probability 7y or keep producing in the next period with proba-
bility 1 — my. If they survive, firms choose the amount of dividend and investment under the frictions described
in the previous section.

Let V(;g(z,k;S) be an expected value function of a firm just before it realizes whether it will exit or not.

Then, it becomes
Vi (z,k;S) = my max{Azk®n" —w(S)n+ (1 —8)k—w(S)ADJX (k,0)} + (1 — my)V5(z,k;8)

where V5(z,k;S) is the value function of surviving firms. If a firm does not continue, it chooses labor to
maximize the current dividend to the representative household. Since it will not carry any capital stock into
the future, i.e., X’ = 0, the dividend of exiting firms consists of operating profits and the undepreciated capital

stock minus the adjustment costs.
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Surviving firms choose labor and investment to maximize the present value of dividends to the represen-
tative household. Upon nonzero investment, a firm has to pay adjustment costs in the labor unit. In addition, if
the firm decides to increase the capital stock but the operating profits Azk*n" — wn are not sufficient to cover
the firms’ new investment kK’ — (1 — )k > 0 and physical adjustment costs wADJX (k,k’), it raises external
finance with finance costs. Due to the wedge between internal and external funds, it is never optimal to issue
new equity while paying dividends, i.e., when the operating profits are sufficient to finance the investment

project. To simplify the exposition, we define the firm’s payout d before financing costs as
d =Azk*n" —wn—K 4 (1 — 8)k —wADJ¥ (k)

If d is positive, a firm pays dividends to the household. A negative value of d implies that a firm does not
have enough funds to finance its investment project so that it issues new equity. In the absence of financial
distortions, the equity issuance d < 0 reduces the value of existing shares by the same amount. However, in
the model with finance costs, the value of existing shares is reduced by more than the amount of newly issued
shares.

Since each firm is owned by the household, a firm discounts the future value by the household’s stochastic

uc(S)
uc(S)

motion for the joint distributions s and i,

discount factor, i.e., m(S,S") = f8

. Given an aggregate state S, an individual state (z,k), and a law of

a surviving small firm maximizes the present value of d, net of financing costs y(d;S) by solving the following

Bellman equation
VS(z,k;8) = max d—w(S)y(d;S)+E |m(S,8")V; (7, k;8') | ;8
where

d =Azk*n” —w(S)n— k' + (1 — 8)k — w(S)ADJX (k,K),

ADJ¥ is defined by (6), finance cost y(d;S) is defined by (7) and V;§ (,k’;S’) is the expected value function

just before firms realize exit status.

multi-unit firms The timing of the multi-unit firm is the same as that of the single-unit firm. At the be-
ginning of the period, aggregate state S is realized, and a firm starts with capital stock ki,k> and idiosyncratic
productivity z;,z, in each unit. Given the states, firms hire labor and produce output. Immediately thereafter,
firms learn whether they exit or keep producing in the next period.

Let VOL(Z1 ,22,k1,k2;S) be an expected value function of a multi-unit firm just before it realizes whether it

will exit or not. Then, it becomes
VOL(Zl , 20, k1 ,kQ;S) = Iy max{Azlkf‘n}’ +Az2k§‘n‘2/ — W(S)(m —|—n2) + (1 — 5)(1{1 —i—kz)
ni,n

—w(S)(ADJX (ky,0) +ADJX (ks,0))} + (1 — y)VE (21,22, k1, k23 S)
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where V£ (z1,22,k1,k2;8) is the value function of surviving multi-unit firms.

At the unit level, a large firm faces the same friction as small firms, i.e., fixed and convex adjustment costs
of capital. However, a large firm is different in the sense that it can reallocate resources across different units
without any frictions. If one of its units does not have enough funds to finance its investment project, e.g.,
AzknY —wny <k} — (1 —8)ky +wADJX (ky,k}), the firm can reallocate funds to avoid finance costs. Hence,
the degree to which a large firm is affected by firm-level finance costs is different from that of a small firm.

Similar to small firms, a surviving large firm maximizes the present value of d, net of financing costs
y(d;S). Given an aggregate state S, an individual state (z1,22,k1,kz), and a law of motion for the joint distri-

butions

a large firm solves the following Bellman equation by choosing d,ny,na, k|, k)

Vi ki ksS) = max  d—wy(diS)) +E |m(S,8)Vy (21,25, k1,k5:8') | 21,2238
ki ki b i)

where
d = Az k¥nY +AzkSny —w(S)(ny +ny) — (k) +k5) + (1 —8) (ki + k)

—w(S)(ADJ¥ (k1 ,k}) + ADJ® (k, k5))

and VE(2),25,k),ky;S') is the expected value function immediately before firms realize exit status.

Entrants Each new firm starts with zero capital stock but is able to issue new equity to finance the invest-
ment. Entrants are subject to the capital adjustment cost and finance cost. A single-unit firm will draw the
idiosyncratic productivity shock z from an ergodic distribution G;(z) implied by the AR(1) process of the
idiosyncratic productivity shocks to incumbent firms. Given the same aggregate conditions and law of motion

for distribution as incumbent firms, the single-unit firm solves

Vi(z:S) = nax d — w(S)w(d:S)+E |m(S,8)Vy (7, k:8") | z,8
where d = —k’ — w@ and the finance cost y(d;S) is defined by (7).

If a firm chooses to be a double-unit firm, it will draw two distinct idiosyncratic productivity shocks z;
and z, from the ergodic distribution G»(z,22), which is implied by the VAR(1) process for incumbent firms.

Then, the double-unit firm solves

VE(z1,22:8) = max d—w(S)w(d;S) + E |m(S,8"VE (2,2, k| ,ky:S") | z1,22:S
12429
where d = —k — k5, —2w¢y and the finance cost y(d;S) is defined by (7), given the same aggregate conditions
and law of motions for distribution as incumbent firms.

Given the value functions of new firms, the measure of firms who choose to be multi-unit will be deter-

5Since new entrants start with zero capital stock, their convex adjustment cost is assumed to be zero.
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mined. Specifically, define the threshold level of fixed cost 7(S) as

w(S)¥(S) E/VEL(Zl,Zz;S)dGz(Zl,Zz) —/Vg(z;S)dG1 (2).

Then, new firms with fixed cost ¥ < §(S) will choose to be multi-unit firms since

/V,é(zl,zQ;S)dGz(zl,ZQ) —/Vg(z;S)dGl(z) > w(S)7,

i.e., the benefit of being a multi-unit firm is larger than the cost.

4.2. Households

There is a representative household that chooses the consumption, labor supply, and investment in firm shares

to maximize lifetime utility.

U(s;S) = max InC—ON+BE[U(s;S)|S], 6>0
(S ) C,N,s'(z,k),s"(z1,22,k1,k2) " ﬁ [ (s )| ]

given the following budget constraint

C+(1_7rN)</S/ps duS(Zak)+/S/ps d,uL(Zl,Z2,klak2)> +7TN</s/ps,new dGl(Z)+/s/ps,new dGZ(ZlaZZ)>
SN+ (1= ) ([ s+ ) dus(e)+ 500+ po dua 2o )

+7TN</S6iExiz dﬂs(z,k)+/S€iExiz dl.lL(Zl,Zz,kl,/Q)) +Ad jo(S)

where w(S) is the wage, Adjo(S) is the income from the adjustment cost by firms, which includes both
physical and financial adjustment costs, p; is the value of stock, s is the share of previous period equity and
s’ is the share of equity chosen today. For simplicity, the arguments of d,dg.t, ps, Psnew, S, s’ are suppressed
(those variables are functions of (z,k;S) or (z1,22,k1,k2;S)). d is either the dividend payment or effective
equity issuance of surviving firms. When d is positive, the household earns dividend payments from the firm
so that d = d, where d is the firm’s payout before finance costs are defined as xx and xx. However, if d
is negative, there is zero dividend to the household. In this case, d = d — wy/(d;S) < 0 represents the new
equity issuance plus the issuance cost, which is the gap between the current value of total equity and that of

pre-existing equity. pg new 1S the value of new firms, and dg,; is the dividend payments from exiting firms.

4.3. Recursive equilibrium

A recursive competitive equilibrium in this economy is defined by a set of quantity functions

{C,N,s’,Ké,Ng,KLL,Ké’L,NfL,NZL,KE,KEL,KEL}, pricing function {w, ps, ps sew,m}, lifetime utility and
value functions {U,VOS,VOL,VE,VEL}, where’{Vég,’VOL} and {Kg,Ng,KLL,NﬁL,,KiL,Né{L} are the value and
policy functions of incumbent small and large firms, respectively, and {V;},VF} and {K§, KT, K5, } are the
value and policy functions of newborn small and large firms, while U and {C,N5,s'} are the value and policy

functions that solve the household problem.
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Given the quantity and pricing functions, the goods market clears with

C(8) = [ ARNS(kiS)” dis(@)+ [ T AZKEN (1. 22.k sS)Y di 21,22,k ko)
=12

—(1 — 7L'N) [/ (ng(z,k;S) — (1 — 5)]{) dﬂs(Z,k) +/ .7212(K;7L(Z1,Z2,k1,k2;3) — (1 — 5)ki)duL(Z1,Z2,k1,k2)]

+7TN[/(1—5)kd.US(Zak)+/ Z (1—=0)k; d.uL(Zl,Zbkla]Q)]

i=1,2
_”N[/ . /Kf(LO;S)dGl(Z)dF(?’)‘F . /Z KfL(Zl,Zz,O,();S)dGz(Zl,Zz)dF(Y)],
y>(8S) r<v(§)J =12

the labor market clears with

N(S) :/Ng(z,k;S)dus(z,k)—F/[ Z N,-‘fL(m,zz,kl,kz;S)] dug(z1,22,ki,k).
=12

+/Adj COSIS(Z,k;S)dﬂS(Z,k)+/Adj Costr(z1,22,k1,ko;S)dpur (21,22, k1, k2) + . YdF (7)
<y

and the asset market clears with
§'(2,k:8) =1,V (z,k)  5'(z1,22,k1,k2;8) = 1V (21,22, k1, k2).
Lastly, the evolution of the joint distributions over (k,z) and (ki,k»,z1,22) are consistent. That is,
ps=TCs(S) and w =T.(S)

are generated by the policy functions {K¢, K7 ;,Kj ;, Kg ,KE, K%, } and the exogenous stochastic evolution of

{A,Z, (Zl 7Z2)76A7 GZ}'

4.4. Calibration

Fixed Parameters Table 6 shows the parameters taken from the literature. The model period is a quarter,
which corresponds to the empirical analysis. The discount factor is f = 0.99, the depreciation rate is § = 0.03
and the labor disutility parameter is 0 = 2, which are standard in the literature. Following Winberry (2020), we
set the capital share o¢ = 0.21 and the labor share v = 0.64, which implies the total return as 85%. Following
Koby and Wolf (2019), we assume 6.5 % of annual exit rates so that 1.625 % of firms exit at a quarterly
frequency. For the parameters regarding exogenous shocks on productivities and uncertainty, we borrow from
Bloom et al. (2018), who estimate the shock processes using establishment-level data. Because the uncertainty
shocks are modeled as an increase in the standard deviation of unit-level productivity shocks, their measure
of shock processes is the most suitable for this analysis. Following their approach, we assume that a single

underlying process o governs the evolution of both micro o, and macro 64 uncertainties so that

c=L = op=0srando,=0;;,, 0=H = op=0syando,=o0.y
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and o follows a two-state Markov process with the following transition probability:

1= ML nL’H] where 7+ g =TRp+ Ty =1.
gL THH
Table 6: List of fixed parameters
Parameter Description Value Data Source

B Time discount factor 0.99 Standard

0 Labor Disutility 2 Standard

0 Depreciation rate (Physical Capital) 0.03 Standard

a Capital Share 0.21 Winberry (2020)

\ Labor Share 0.64 Winberry (2020)
oy Measure of New Firms (Exit prob) 0.01625  Koby and Wolf (2020)

[o2 AR coeff of z 0.95 Bloom et al. (2018)
[ AR coeff of A 0.95 Bloom et al. (2018)
(o) STD of z (Low) 0.051 Bloom et al. (2018)
O4L STD of A (Low) 0.0067 Bloom et al. (2018)
O.H STD of z (High) 4.1 xoy 1 Bloom et al. (2018)
OuH STD of A (High) 1.6 xoar  Bloom et al. (2018)
T H Transition prob from Low to High 0.026 Bloom et al. (2018)
TH H Transition prob from High to High 0.943 Bloom et al. (2018)

Fitted Parameters The key parameters in the model are the adjustment costs. In particular, the degree to
which the investment of a multi-unit firm is different from that of a single-unit firm crucially depends on the
relative magnitude between the physical capital adjustment cost and financial adjustment costs. If physical
capital adjustment costs outweigh financial costs, unit-level friction dominates a firm’s investment behavior
so that small and large firms will show little difference. On the other hand, the high value of finance costs
makes the boundary of the firm more important so that the investment behavior of large firms will be sig-
nificantly different from that of small firms. Therefore, precisely estimating the adjustment costs places a
discipline on the degree of difference between small and large firms’ investment behavior. The correlation
between units within a multi-unit firm is also important to determine the gap between small and large firms
because more diversified multi-unit firms are less responsive to uncertainty shocks. Therefore, we calibrate
all fixed-adjustment costs regarding unit-level and firm-level frictions and the correlation across units within

a multi-unit firm by matching the following cross-sectional empirical moments in the next section.’

Targeted Moments We mainly target moments of establishment-level investment rates in Census micro data
reported by Cooper and Haltiwanger (2006) and Kehrig and Vincent (2017). Table 8 shows the targeted mo-
ments. None of the values are taken from Compustat — but in the following section, we compare the moments

from the model to the results from the empirical analysis. Even though we do not target any moments from

SConsistent with the data moments, we consider only surviving firms in the model. To calculate the cross-sectional moments,
we shut down all aggregate shocks, derive a stationary equilibrium, and simulate 5000 firms. Since all targeted moments are annual
frequency, we aggregate the data from the model up to the yearly horizon when we calculate the moments.
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Table 7: List of fitted parameters

Parameter Description Value
¥ Upper Bound for Distribution of y 4.03

o1 Corr bw z; and zp within a firm 0.2845

oF Fixed adjustment cost (Physical Capital) 0.042

oc Convex adjustment cost (Physical Capital)  0.217

Vi Finance cost (Fixed) 0.001
{175) Finance cost (Proportion) 0.18

the empirical analysis, the model successfully captures the data pattern. The first four moments are known to
be informative for adjustment costs in the literature (Cooper and Haltiwanger (2006) and Winberry (2020)).
As illustrated by Koby and Wolf (2019), whether firm-level heterogeneity has important implications for ag-
gregate investment dynamics crucially depends on the degree of semi-elasticity of investment to the interest
rate. Large elasticity implies that a firm’s investment is highly sensitive to interest rate changes so that the gen-
eral equilibrium smoothing effect from real interest rate adjustment will be strong enough to offset the initial
large drop of a small firm’s investment. In that case, firm-level heterogeneity will have limited implications
for aggregate investment dynamics. Hence, we target semi-elasticity to precisely evaluate the importance of

firm-level heterogeneity for aggregate investment.

Table 8: Targeted moments (annual)

Target Data  Model
Average Investment Rate (%) 122% 16.1%
Standard Deviation of Investment Rates (%) 33.7% 37.5%
Spike Rate (%) 18.6% 19.0 %
Serial Correlation of Investment Rate 0.058 0.14
Elasticity to real interest rate shock 5.0 5.34
Variance Share of i/k within Multi-Unit Firms (%) 66.3% 62.0 %
Multi-Unit Firm’s Output Share (%) 78%  77.3 %

To precisely calibrate the relative magnitude between physical capital adjustment costs and financial adjust-
ment costs, we target the share of variance in the investment rate accounted for by variation within a multi-unit
firm. Kehrig and Vincent (2017) argues that firms tend to invest large amounts into a few production units due
to the presence of capital adjustment and finance costs, which generates a large variance in the investment
rate within a multi-unit firm. How much of the variation occurs within a firm crucially depends on the relative
magnitude of physical cost and finance cost because if the financial friction is severe, the firm’s incentive to
focus on a particular unit becomes stronger. We calculate the variance share within a firm as follows. The total

variance of i/k across production units, denoted by V7, can be decomposed into two components:

Loy [(),,- ()] =w-2o(() -] 2orx (), ()]

n=1

\Z] Vw

where (i)l is the mean investment rate within firm j, (i) is the mean investment rate across all units, N; is the

number of units within firm j, and ®; is the weight of firm j. The first term V3 is the variance between firms,
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and the second term Vyy represents the average variance across units within a firm. Then, the variance share of
i/k within a multi-unit firm is calculated as Vi /Vr. Finally, the multi-unit firm’s output share is informative

for the upper bound of random fixed cost ¥ to be a multi-unit firm upon entry.

Calibration Results Table 7 lists the fitted parameters and the calibrated results. The correlation across units
within a multi-firm is calibrated as 0.2845, which implies that approximately one-third of unit-level productiv-
ity variance arises from firm-level shocks. The fixed adjustment costs of physical capital (0.042) and finance
costs (0.18) are broadly consistent with the existing study by Alfaro et al. (2018), who estimate both fixed ad-
justment costs (0.036) and proportional finance costs (0.1435) using firm-level data. The convex adjustment
cost is lower than that in existing studies, e.g., 0.7 in Koby and Wolf (2019), because the finance costs have a

smoothing effect on the multi-unit firm’s investment.

Table 9: Results for empirical data vs. model data

Dependent variable: Alogk; ;1

Empirical Model
| 2 3 4 5 6
Size x Uncertainty 0.29** 0.13 0.11 0.044
(0.13) (0.12)
Number of units x Uncertainty 0.28™* (.25 0.13 0.11

(0.07)  (0.06)

R? 0.1126 0.1128 0.1128 0.1830 0.1828 0.1834

(Standard errors in parentheses are two-way clustered by firm and quarter.
*p<0.1, *p <0.05, **p<0.01.)

Model-Induced Regression Results We compare the model with the empirical findings by running the same
regression with the model-generated firm panel, which is simulated after we solve the general equilibrium
with the calibrated parameters. We consider the fact that Compustat contains only publicly listed firms, whose
median time of [PO is approximately 7 years (Wilmer and Pickering (2017)). Hence, we select firms that have
survived for at least 7 years after being born. Table 9 shows the results. The coefficient estimate of the size
and uncertainty interaction is 0.11 and that of the number of production units and uncertainty interaction is
0.13, which are roughly less than half of the data counterparts. Furthermore, once we control both interaction
terms, the size effect decreases by more than half in magnitude, but the coefficient estimate of the number of

production units is not as affected as the size effect, which is consistent with the empirical patterns.

4.5. Inspection Mechanism

This section explores the underlying mechanism of firm-level decisions before proceeding to general equilib-
rium analysis. To precisely understand how uncertainty shocks affect a firm’s investment choice, we fix all

prices at the stationary equilibrium level and investigate only the incumbent firm’s investment responses.
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Figure 1: IRFs of investment among single-unit firms and multi-unit firms under the partial equilibrium

Figure 1 plots the impulse responses of investment to uncertainty shocks among single and multi-unit
firms, given the prices. To calculate the impulse responses, we simulate 2000 independent economies with
100 quarters. Starting from the stationary equilibrium without any aggregate shocks, all exogenous processes
— aggregate TFP and uncertainty — evolve normally until period 45. At period 45, we impose an artificial
increase in uncertainty. After the shock period, the exogenous processes evolve normally again.” Upon the
shock, all types of firms reduce their investments but to different extents, which successfully captures the
differential impact of uncertainty shocks. Specifically, the single unit firms reduce their investment by 61 %,
which is roughly more than twice as large as the double unit firm’s response of 29 %.

A natural way to explain this finding is the diversification of multi-unit firms because idiosyncratic shocks
are production-unit-specific and multi-unit firms can diversify the shocks as long as they are not perfectly
correlated. However, diversification is not the sole factor driving heterogeneous responses. Figure 2 compares
several investment responses of multi-unit firms with different levels of correlation across units. Obviously,
as the correlation becomes negative, the impact of uncertainty shocks is alleviated more. However, even in
the case of perfect correlation, which is the case of no-diversification benefit, the response of a multi-unit
firm’s investment is 32 %, which is still more muted than that of a single unit firm’s response of 61 %. This
result implies that there is a significant factor that distinguishes the multi-unit firm’s investment response from
diversification.

To better understand the mechanism, we decompose the investment response into intensive and exten-
sive margins and identify which margin plays an important role in explaining the differences. Figure 3 shows
the investment response due to the intensive margin adjustment. We calculate the investment responses con-
ditional on firms adjusting capital stocks, which is normalized by the measure of adjusting firms. Once we
consider only intensive margin adjustment, the gap between single and multi-unit firms becomes smaller than
the gap of total investment responses. Specifically, the investment of single-unit firms decreases by 12% on

impact and that of multi-unit firms declines by 11 % due to the intensive margin. Given that total investment

7In the graph, period 0 corresponds to the shock period of 45.
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Figure 2: IRFs of multi-unit firms with different correlations under partial equilibrium
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Figure 3: IRFs of investment due to the intensive margin

decreases by 61%, approximately 20 % of the investment drop is accounted for by intensive margin adjust-
ment among single-unit firms. However, for the multi-unit firms, a larger portion, i.e., approximately 38%, of
the response is explained by the intensive margin change. This result implies that the gap between single and
multi-unit firm responses is driven mainly by the differential sensitivity of extensive margins to uncertainty
shocks.

What feature of a multi-unit firm makes the extensive margin less responsive? Since a multi-unit firm is
able to engage in within-firm resource allocation, in the presence of finance costs, it tends to utilize internal
funds for investment and tries to avoid allocating a large amount of new capital to both units within the same
period. Due to the fixed investment adjustment cost, however, the small amount of investment is not profitable
for the firm. Hence, the firm gives up investing in both units simultaneously and instead invests across its units.
In this situation, even though a multi-unit firm has good investment opportunity in one unit, it sometimes gives

up the opportunity because the other unit has better opportunities. Therefore, the firm’s investment decision
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for one unit crucially depends on the investment choice of the other unit.
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Figure 4: Inaction region and distribution of unit 2 conditional on unit 1’s investment status (The red solid line
indicates low uncertainty.)

The interdependence of investment within a multi-unit firm is described in Figure 4, which depicts the
distribution of unit 2’s capital stock under low uncertainty stationary equilibrium. The red solid lines separate
investment, inaction and disinvestment regions with low uncertainty. The top panel is conditioned on firms
having positive investment in unit 1, and the bottom panel is conditioning on zero investment in unit 1.
At the top panel, we find that among the firms investing in unit 1, only a small fraction of them decide to
invest in unit 2 (6% during low uncertainty). However, among the firms that take no action in unit 1, unit 2’s
investment region is wider, and a larger portion of them engage in positive investment in unit 2 (32% during
low uncertainty). This result illustrates the inter-dependency of investment within a multi-unit firm, i.e., the
investment in one unit has a negative impact on the investment in the other unit.

Because of the interaction of investments within a firm, an increase in uncertainty has non-trivial implica-
tions. Figure 5 shows an exercise to investigate the effect of increase in uncertainty. The distributions and the
red solid lines are the same as in Figure 4 (low uncertainty), and the navy dashed lines separate the regions
with high uncertainty. In this experiment, we examine how the increase in uncertainty changes the investment

plan of multi-unit firms who would have invested based on previous plan (depicted as the red solid lines) under
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Figure 5: Inaction region and distribution of unit 2 conditional on unit 1’s investment status (The red solid line
indicates low uncertainty, and the dark navy dashed line indicates high uncertainty.)

low uncertainty. In the top panel of Figure 5, we can find that the left dashed line moves to the right from the
left solid line, which shows that the investment region indeed increases under high uncertainty. At first glance,
this result seems to be at odds with the prediction from the standard wait-and-see model in which the increase
in uncertainty causes the investment region to shrink. However, this result arises from the real options chan-
nel and the interdependency of investment within a firm. Under low uncertainty, the majority of firms invest
in unit 1 at the expense of giving up unit 2’s investment. However, an increase in uncertainty causes firms
to pause their investment today due to the real options effect. This decrease in investment, especially from
unit 1, in turn has a positive effect on unit 2’s investment because before the uncertainty shocks, firms gave
up investing in unit 2 due to the shortage of internal funds, but with high uncertainty, there are more funds
available for investment in unit 2. Of course, for unit 2’s investment, the real options channel is also in effect,
but in that case, the positive effect on unit 1 from unit 2 is small because a majority of firms already made
zero investment in unit 2 under low uncertainty. As a result, firms decide to invest less in unit 1 and more in
unit 2 upon uncertainty shocks. This mechanism becomes clearer in the bottom panel. By construction, firms
do not invest anything in unit 1 (since unit 1 has large enough capital stock) under low uncertainty. Hence, a

firm’s investment in unit 2 is determined solely by the investment opportunity in unit 2, i.e., interdependency
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does not occur. Therefore, the increase in uncertainty has a pure wait-and-see effect on a firm’s investment in
unit 2 because, regardless of the level of uncertainty, firms do not invest in unit 1 at all. For this reason, the
investment region decreases as in the standard wait-and-see model.

This result crucially depends on the nature of shocks. Since the increase in uncertainty is modeled as a
rise in the second moment tomorrow, a multi-unit firm decides to postpone its investment choice in both units
initially without having a direct effect on the resources (profits) available to the firm. Therefore, the initial
investment freeze in each unit could have offsetting effects because there are still enough funds available for
the firm’s investment project. In this regard, the first moment shock, i.e., a negative TFP shock, would have
different implications because it directly affects the funds available to the firm. Figure 6 plots the impulse
responses of investment to the negative TFP shock among single and multi-unit firms given the prices. In
response to this shock, a multi-unit firm reduces its investment slightly more than a single-unit firm does. This

result implies that the mechanism explaining the dampened effect of uncertainty shocks does not work in this
case.
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Figure 6: IRFs of multi-unit firm investment to negative aggregate TFP shock

Supportive evidence for the mechanism in the literature The main mechanism that distinguishes a multi-
unit firm’s investment behavior is driven by the negative interdependence of investment within a firm. The
negative relationship would be more pronounced if firm-level financial friction were more severe because it
arises from real and financial frictions. Kehrig and Vincent (2017) provide empirical evidence that the nega-
tive investment relationship within a multi-unit firm is indeed stronger in financially constrained firms, i.e., if
multi-unit firms are more financially constrained, they tend to rotate the investment across plants rather than
invest in both plants. In terms of a firm’s alternating investment behavior, Becker et al. (2006) show that the
fraction of zero investment and that of investment spikes are significantly lower at the firm level than at the

plant level. They argue that those patterns suggest that firms smooth their investment but also concentrate on
specific plants within a firm.
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4.6. Aggregate Implications

This section explores the aggregate implications of the heterogeneity in firms’ investment decisions. Specif-
ically, we examine how much the multi-unit firm’s dampened responses contribute to alleviating the impact
of uncertainty shocks on aggregate investment responses. To answer this question, we compare the aggregate
investment response of the benchmark economy to that of a counterfactual economy with only single-unit
firms. Since the infinite-dimensional distributions are state variables of individual firms, our model solution
heavily relies on the numerical method by Krusell and Smith (1998). After we find the equilibrium, we derive

the impulse responses in a manner similar to that used in a partial equilibrium analysis. Figure 7 shows the
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Figure 7: IRFs of investment to uncertainty shocks from the benchmark economy (left) and the counterfactual
economy (right)

response of aggregate investment to uncertainty shocks in the benchmark economy in the left panel, and the
right panel shows the response in the counterfactual panel. In response to uncertainty shocks, investments in
both economies decline, but the magnitude of the effect is much smaller for the benchmark economy. Fur-
thermore, the benchmark economy shows quicker recovery than the counterpart economy, which is mainly
because of multi-unit firms. Overall, the dampened response of large firms helps to mitigate the impact of
uncertainty shocks significantly.

Figure 8 shows the responses of single- and multi-unit firm investment upon uncertainty shocks to the
benchmark economy. Similar to the partial equilibrium responses, we find that the impact of uncertainty
shocks is asymmetric across firms. Multi-unit firms reduce their investment by approximately 20 %, but
single-unit firms reduce it by 60%, a response three times greater than the former. An interesting finding is
that in our benchmark economy, single-unit firms reduce their investment even more than single-unit firms
do in the counterpart economy. In the counterfactual economy, the general equilibrium smoothing effect is
stronger. Because the initial decrease in investment is larger than that in the benchmark economy, the con-
sumption tomorrow will decrease more, which leads to a larger decrease in the real interest rate. Hence, the
adjustment of the market price is more favorable to single-unit firms in the counterfactual economy such that
the response of the single-unit firm itself is smaller. This result illustrates that the presence of a multi-unit firm
makes the single-unit firm’s response even worse. However, since the multi-unit firms account for a signifi-
cant portion of the aggregate economy (78% of output in our benchmark economy) and the gap between small
and large firms’ responses is sizable, the adverse effect of multi-unit firms is dominant. This finding suggests

that the implication of firm-level heterogeneity on the aggregate investment response crucially relies on the
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general equilibrium adjustment effect and the distribution of firms.

Investment Rate
T

T —

% Dev from Pre-Shock

50 Multi-unit
=—¥— Single-unit
-60 = x ! | | I 1 -
0 5 10 15 20 25 30
Period

Figure 8: IRFs of investment to uncertainty shocks among single- vs. multi-unit firms

5. Conclusion

In this paper, we show the asymmetric effect of uncertainty shocks on the investment of small and large firms.
We argue that the observed size effect arises from the fact that large firms operate in multiple production units
but small firms operate in a single unit. This argument is based on two components. First, we empirically
show that the observed size effect is explained mostly by the number of business units of a firm. Second,
we employ a heterogeneous firm model to account for the empirical results. In the presence of unit-level
real and firm-level financial frictions, a multi-unit firm shows the negative interdependence of investment
within a firm, which dampens the real options effect due to uncertainty shocks. We find that in equilibrium,
the presence of multi-unit firms has an adverse effect on a single-unit firm’s investment response. However,
the dampened effect of uncertainty shocks to multi-unit firms still has important implications for aggregate
investment responses because (i) multi-unit firms account for a significant portion of aggregate investment

and (ii) the gap between small and large firms’ responses is sizable under general equilibrium.

References

Ivan Alfaro, Nicholas Bloom, and Xiaoji Lin. The finance uncertainty multiplier. Technical report, National

Bureau of Economic Research, 2018.

Heitor Almeida, Chang-Soo Kim, and Hwanki Brian Kim. Internal capital markets in business groups: Evi-
dence from the asian financial crisis. The Journal of Finance, 70(6):2539-2586, 2015.

Cristina Arellano, Yan Bai, and Patrick J Kehoe. Financial frictions and fluctuations in volatility. Journal of
Political Economy, 127(5):2049-2103, 2019.

Riidiger Bachmann and Christian Bayer. ‘wait-and-see’business cycles? Journal of Monetary Economics, 60
(6):704-719, 2013.

27



Randy A Becker, John Haltiwanger, Ron S Jarmin, Shawn D Klimek, and Daniel J Wilson. Micro and macro
data integration: The case of capital. In A new architecture for the US national accounts, pages 541-610.

University of Chicago Press, 2006.

Sreedhar T Bharath and Tyler Shumway. Forecasting default with the merton distance to default model. The
Review of Financial Studies, 21(3):1339-1369, 2008.

Saki Bigio. Endogenous liquidity and the business cycle. American Economic Review, 105(6):1883-1927,
2015.

Nicholas Bloom. The impact of uncertainty shocks. econometrica, 77(3):623-685, 2009.

Nicholas Bloom, Max Floetotto, Nir Jaimovich, Itay Saporta-Eksten, and Stephen J Terry. Really uncertain
business cycles. Econometrica, 86(3):1031-1065, 2018.

Nick Bloom, Stephen Bond, and John Van Reenen. Uncertainty and investment dynamics. The review of
economic studies, 74(2):391-415, 2007.

Ricardo J Caballero, Eduardo MRA Engel, John C Haltiwanger, Michael Woodford, and Robert E Hall. Plant-
level adjustment and aggregate investment dynamics. Brookings papers on economic activity, pages 1-54,
1995.

Dario Caldara, Cristina Fuentes-Albero, Simon Gilchrist, and Egon Zakrajsek. The macroeconomic impact

of financial and uncertainty shocks. European Economic Review, 88:185-207, 2016.

Varadarajan V Chari, Lawrence Christiano, and Patrick Kehoe. The gertler-gilchrist evidence on small and

large firm sales. manuscript, January, 2007.

Lawrence J Christiano, Roberto Motto, and Massimo Rostagno. Risk shocks. The American Economic
Review, 104(1):27-65, 2014.

Russell W Cooper and John C Haltiwanger. On the nature of capital adjustment costs. The Review of Economic
Studies, 73(3):611-633, 2006.

Nicolas Crouzet and Neil R Mehrotra. Small and large firms over the business cycle. Technical report, 2020.

Ryan A Decker, Pablo N D’Erasmo, and Hernan Moscoso Boedo. Market exposure and endogenous firm

volatility over the business cycle. American Economic Journal: Macroeconomics, 8(1):148-98, 2016.

Mark Doms, Timothy Dunne, et al. Capital adjustment patterns in manufacturing plants. Review of economic
dynamics, 1(2):409-429, 1998.

Mark Gertler and Simon Gilchrist. Monetary policy, business cycles, and the behavior of small manufacturing
firms. The Quarterly Journal of Economics, 109(2):309-340, 1994.

Vivek Ghosal and Prakash Loungani. The differential impact of uncertainty on investment in small and large
businesses. The Review of Economics and Statistics, 82(2):338-343, 2000.

28



Vivek Ghosal and Yang Ye. Uncertainty and the employment dynamics of small and large businesses. Small
Business Economics, 44(3):529-558, 2015.

Simon Gilchrist, Jae W Sim, and Egon ZakrajSek. Uncertainty, financial frictions, and investment dynamics.

Technical report, National Bureau of Economic Research, 2014.

Xavier Giroud and Holger M Mueller. Capital and labor reallocation within firms. The Journal of Finance,
70(4):1767-1804, 2015.

Joao F Gomes. Financing investment. American Economic Review, 91(5):1263-1285, 2001.

Francois Gourio and Anil K Kashyap. Investment spikes: New facts and a general equilibrium exploration.
Journal of Monetary Economics, 54:1-22, 2007.

Matthias Kehrig and Nicolas Vincent. Do firms mitigate or magnify capital misallocation? evidence from
plant-level data. US Census Bureau Center for Economic Studies Paper No. CES-WP-17-14, 2017.

Yann Koby and Christian K Wolf. Aggregation in heterogeneous-firm economies: A sufficient statistics ap-

proach. Technical report, Working Paper, 2019.

Per Krusell and Anthony A Smith, Jr. Income and wealth heterogeneity in the macroeconomy. Journal of
political Economy, 106(5):867-896, 1998.

Marianna Kudlyak and Juan M Sanchez. Revisiting the behavior of small and large firms during the 2008

financial crisis. Journal of Economic Dynamics and Control, 77:48-69, 2017.

John V Leahy and Toni M Whited. The effect of uncertainty on investment: Some stylized facts. Technical

report, National Bureau of Economic Research, 1995.

Gregor Matvos and Amit Seru. Resource allocation within firms and financial market dislocation: Evidence
from diversified conglomerates. The Review of Financial Studies, 27(4):1143-1189, 2014.

Pablo Ottonello and Thomas Winberry. Financial heterogeneity and the investment channel of monetary

policy. Technical report, National Bureau of Economic Research, 2020.
Cutler Wilmer and Hale Pickering. D. llp,“2017 ipo report,”. Technical report, Technical report, 2017.

Thomas Winberry. Lumpy investment, business cycles, and stimulus policy. 2020.

29



