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Abstract

While investment in most sectors declines in response to a contractionary monetary
policy shock, investment in the manufacturing sector increases. Using manually digitized
aggregate income and balance sheet data for the universe of US manufacturing firms, I
show this increase is driven by the types of firms which are least likely to be financially
constrained. A two-sector New Keynesian model with financial frictions can match these
facts; unconstrained firms are able to take advantage of the decline in the user cost of
capital caused by the monetary contraction while constrained firms are forced to cut back.
Counterfactual exercises suggest that aggregate investment should become more strongly

countercyclical as fewer sectors face financial constraints.
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1 Introduction

Productive capital goods are among the most volatile and interest-sensitive components of GDP
and receive significant attention from monetary policymakers. While past work such as Bernanke
et al. (1999) and Christiano et al. (2005) has confirmed the conventional wisdom that aggregate
investment is strongly procyclical in response to monetary shocks, these findings belie meaningful
heterogeneity across sectors; in particular, investment in the manufacturing sector is strongly
countercyclical conditional on monetary policy shocks. A model with financial constraints that
vary across sectors can explain this behavior and suggests that the easing of financial constraints
should lead to more strongly countercyclical aggregate investment dynamics.

I begin by establishing several new stylized facts regarding manufacturing investment using
both aggregate and firm-level data. For my main analysis I use manually digitized aggregate
data from the Quarterly Financial Report for Manufacturing Corporations (QFR), which contain
detailed income and balance sheet information for the entire manufacturing sector dating back to
1966. I find the aggregate capital stock in the manufacturing sector increases by almost 2% in the
years following a 100 basis point contractionary monetary shock.! This increase is driven by the
types of firms least likely to be financially constrained: large firms and those in the nondurables
sector. There are two important properties of capital goods that can explain why firms would
want to increase their investment expenditure in the face of falling demand.

The first is that the capital stock is long lived. This implies that investment decisions should be
very forward looking; in the absence of frictions, transitory declines in consumer demand should
have little impact on a firm’s demand for long-lived capital goods since most of their benefit will
come in the form of future service flows. The second is that the user cost of capital, which is the
implied rental rate on the capital stock a firm owns, is strongly procyclical. Measures of user cost
that use manufacturing-specific interest and depreciation rates from the QFR decline in response
to contractionary monetary shocks across a variety of specifications. NIPA data suggest that
structures, which have longer lives and more procyclical costs than other types of capital goods,
are particularly important for explaining this investment behavior.

I analyze this mechanism in detail using data on building permits for new manufacturing
structures from Dodge Analytics. While the number of new permits falls in response to contrac-
tionary monetary shocks, the total value of new permits rises. This suggests that, at least for
structures, the increase in the value of the capital stock in manufacturing is driven by fewer, larger

projects. To the extent that larger or more financially flexible firms are more likely to undertake

T discuss existing work using the QFR data as well as the empirical techniques I use in Section 2.



these kinds of projects, this is consistent with the idea that financial constraints are important
for explaining capital stock dynamics. Analyzing the QFR financial data support this notion.

Small firms and those in the durable sector, neither of which increase their investment in
response to a contractionary shock, exhibit a greater degree of financial constraint across several
metrics commonly cited in the finance literature. They pay higher interest rates despite using less
long-term debt, their cash flow is more volatile, and they have consistently lower dividend payout
ratios. These features hold even when comparing only large firms within each sector, suggesting
they are not driven solely by different firm size compositions across industries. In Section 3 I use
quarterly firm-level data from Compustat and find the average manufacturing firm increases its
investment in response to a contractionary monetary shock across all sectors. This is consistent
with the idea that firms in Compustat are, simply by virtue of being publicly traded, less likely
to be financially constrained than small, private, and bank-dependent firms. To analyze the
quantitative importance of financial factors in explaining this investment heterogeneity across
sectors, I incorporate them into a model.

An otherwise-standard New Keynesian model with financial constraints that differ across
sectors is able to generate firm investment responses that are consistent with the data because it
limits the ability of financially constrained agents to respond to changes in monetary policy. In
the model, durable goods prices (which are flexible) fall in response to contractionary monetary
shocks more than nondurable prices (which are sticky). This reduces the value of collateral
held by the constrained durable producers, who are forced to reduce their durable purchases.
Unconstrained nondurable producers are able to take advantage of the lower prices and increase
their durable expenditure. Households, a fraction of which are also constrained, are affected by a
similar mechanism that leads to declines in aggregate consumption in both the nondurable and
durable sectors.

By generating on-impact investment and consumption responses consistent with the data, I
am able to resolve the “comovement puzzle” first reported in Barsky et al. (2007), who pointed
out that simple New Keynesian models predict large increases in durable purchases in response
to contractionary monetary shocks due to their extreme forward-looking nature. This has led
to a subsequent literature adding features such as sticky wages or financial constraints to match
the data.” While these fixes all generate comovement between both types of consumption, they
do not have consistent predictions for the behavior of capital. Existing models without financial
constraints will not generate this comovement, and imposing constraints on only one of households

or firms cannot match the aggregate data. The model predicts that easing financial constraints

2These mechanisms are described in detail in Section 5.



on durable producers leads to investment that is more strongly countercyclical in all sectors.
These results have two important implications. First, they suggest policymakers should pay
particularly close attention to the balance sheets of financially constrained firms when trying
to use monetary policy as a tool to stabilize business cycles, as binding financial constraints
can actually prevent them from adjusting and instead lead to increased activity in other, less-
constrained sectors. Second, to the extent that financial modernization can reduce these financial
constraints in other sectors, more firms should able to take advantage of temporary demand-driven

drops in capital goods prices.

2 Evidence of Manufacturing Investment Cyclicality

This section shows evidence from aggregate data that manufacturing investment is countercyclical
conditional on monetary shocks and that this behavior can be explained by financial constraints.
First, I use manually digitized historical data from the Quarterly Financial Report for Manufac-
turing Corporations to show that the aggregate manufacturing sector capital stock increases in
response to a contractionary monetary shock. These effects are strongest for structures, which
have longer lives and more cyclically sensitive prices relative to other types of investment, and
building permit data suggest they are driven by the intensive margin. Many different empirical
estimates of the user cost of capital fall in response to contractionary monetary shocks, suggest-
ing that firms have an opportunity to benefit from short-term fluctuations in the prices of these
long-lived investment goods. Finally, I demonstrate that large firms as well as those in the non-
durables sector increase their investment most and that these are the types of firms least likely

to be impacted by financial constraints.

2.1 Data

The main source of data I use is the Quarterly Financial Report for Manufacturing Corporations
(QFR), a comprehensive survey of income and balance sheet information for the US manufacturing
sector. A detailed description of the data can be found in Appendix A. Because data prior to
1987Q4 are only available in physical publications or microfilm- I digitized them manually going
back to 1966Q1 from physical publications- there have been relatively few papers which have
used them. The most famous example is Gertler and Gilchrist (1994), who used the data to
suggest that small firms are more sensitive to monetary policy changes than large firms. Some

more recent examples include Crouzet (2015), Crouzet and Mehrotra (2018), and Kudlyak and



Sanchez (2017).

The QFR data are well suited for answering this question. First and foremost, they are
representative of the entire manufacturing sector, including small and non-public firms. This is
important because a large body of empirical evidence, including recent work such as Hadlock
and Pierce (2010), finds small and non-public firms are more likely to be financially constrained.
The data offer detailed balance sheet information at the quarterly frequency, which makes them
better suited to analyze the responses of short-term fluctuations in monetary policy than annual
BEA or Census data. And unlike the US Financial Accounts data, which aggregate balance
sheet information across nonfinancial corporate businesses of all sectors and sizes, the QFR data
provide sector-specific measures of financial ratios as well as capital stocks. While the QFR data
do not have any firm-level detail, I show in Section 3 that the results from using aggregated data
on the largest firms in the QFR are in line with the estimates obtained using firm-level data from

Compustat as well as findings from other work that uses the QFR microdata.

2.2 Empirical Responses to Monetary Shocks

To analyze the empirical responses of consumption and investment to monetary policy shocks, I
use a local projection specification based on Jorda (2005) and shown in Equation 1. In this setup
yi., represents the h-period ahead forecast of the log of the outcome variable y for sector/size
classification 7 at time t, €; represents the monetary policy shock at time ¢, and l/ih is an error

term.

Yien = Ch+ 0+ Trend + Y B X[+ 5 Zisk +he + vy, (1)
j k

I focus on sales and capital stocks as the outcomes of interest.” I use the series developed by
Romer and Romer (2004) (R&R) and extended by Coibion (2012) as my measure of monetary
policy shocks €. I include size-and-sector-specific controls in X (8 lags of the dependent variable
yi and 4 lags of real sales growth) and aggregate controls in Z (4 lags of real GDP growth, 4 lags
of €, and 1 lag of the durable share of sales). I also include a linear time trend and quarterly
fixed affects ¢}, to deal with seasonality. In line with R&R, I start my sample in 1970 and include
shocks through 2004. I do not consider outcomes beyond 2008 to avoid concerns surrounding the
zero lower bound on nominal interest rates and the financial crisis. Appendix B shows that the

conclusions are robust to alternate start dates and shock identification strategies.

31 use capital stocks instead of investment because they are directly recorded in the QFR data.



The coefficient 7/ represents the percent change in the h-period ahead forecast in variable y
for sector 7. I use Newey-West standard errors to account for the serial correlation in residuals
that arises from successively lagging the dependent variable. In Figure 1, I show the responses of

sales and the capital stock.
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Figure 1: Empirical Responses to 100bp Contractionary MP Shock (90% CI)

Note: This figure shows the coefficient estimates 'y;l from Equation 1, which correspond to the effects of a 100bp contractionary monetary shock. Sales
are deflated using the BEA’s manufacturing output deflator for each sector. NPPE is measured by the QFR item “Stock of Property, Plant, and
Equipment Net of Depreciation” and deflated using the NIPA nonresidential fixed investment price index. 90% confidence intervals are calculated using
Newey-West standard errors. Regressions include shocks from 1970-2004 and outcomes through 2008.

Following a 100 basis point contractionary monetary shock, sales of manufacturing firms de-
cline significantly, remaining 3-4% below their pre-shock levels between three and four years after
the shock. As in Erceg and Levin (2006), the drop is even larger for durable producers, who
experience sales declines of up to 5%. The capital stock of all manufacturers rises by about 1.8%),
and this is driven by a large and statistically significant increase of 3.2% on the part of nondurable
producers. The capital stock of durable producers, on the other hand, declines by up to 1.4%.

Figure 2 shows these results for firms based on asset size. The “big” firms include all firms
with more than $1bn of nominal domestic assets, while the “small” firms include all others. In
line with Gertler and Gilchrist (1994), I find that sales for small firms fall faster than for large
firms in response to a monetary contraction, though this difference disappears after about two
years; the left panel shows declines of about 4% for both by the end of the response horizon.
The right panel shows that the increase in the capital stock is driven by large firms, who have

highly significant coefficient estimates across virtually the entire response horizon and show a



peak increase of just over 2%, while the coefficients for small manufacturers are mostly close to

zero and insignificant throughout the response horizon.
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Figure 2: Empirical Responses to 100bp Contractionary MP Shock (90% CT)

Note: This figure shows the coefficient estimates 'y;‘l from Equation 1, which correspond to the effects of a 100bp contractionary monetary shock. “Small”
firms are defined as those with <$1bn in nominal assets and “Big” firms those with >8$1bn in nominal assets. Sales are deflated using the BEA’s
manufacturing output deflator for each sector. NPPE is measured by the QFR item “Stock of Property, Plant, and Equipment Net of Depreciation” and
deflated using the NIPA nonresidential fixed investment price index. 90% confidence intervals are calculated using Newey-West standard errors.
Regressions include shocks from 1970-2004 and outcomes through 2008.

This countercyclical investment pattern in the manufacturing sector stands in contrast to most
other sectors. While the historical QFR data do not have any information on industries outside
of manufacturing, the BEA fixed asset accounts provide a useful alternative measure. These data
provide estimates of the real capital stock for all sectors at an annual level. To analyze the effects
of monetary policy, I create a quarterly series of fixed asset stocks for each industry by linearly
interpolating the annual data. In principle the “Stock of Property, Plant, and Equipment” item
in the QFR data should be a higher-frequency version of this measure, so it provides a useful
check on the QFR results.

The left panel of Figure 3 shows the responses of the total fixed asset stock for a wide variety
of sectors and shows several striking features. The first is that, as in the QFR data, the capital
stock of the manufacturing sector increases in response to a contractionary monetary shock. The
second is that the capital stocks of most other industries (including the aggregate) decline. The
middle panel shows the response of equipment, which represents about 15% of the total capital
stock for all industries. While the dispersion of responses is a bit higher than total fixed assets

the pattern is quite similar. As in the total fixed asset case, manufacturing is clearly an outlier in
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Figure 3: Empirical Responses to 100bp Contractionary MP Shock

Note: The first three panels use annual BEA on the real fixed asset stock for each sector. The fourth panel uses annual BEA data on the real output of
each sector. A quarterly series is obtained from these annual series through linear interpolation. The estimating equation has the same structure and
number of lags as Equation 1 but does not include lags of industry sales growth or the share of durable sales. Regressions include shocks from 1970-2004
and outcomes through 2008.

terms of its countercyclical response. Structures, which represent around 80% of the total fixed
asset stock of all firms in the economy, display more muted responses. And while the stock of
structures in manufacturing has a more pronounced increase the stocks of several other industries
(including construction and retail trade) climb as well. Finally, the rightmost panel shows that
these increases in manufacturing investment occur despite a drop in sales that is larger than in
most other industries. Overall, the BEA data suggest that the countercyclical behavior of the
manufacturing sector capital stock is unique among sectors and that it occurs for both structures
and equipment.

One possible reason for why the investment of manufacturing firms behaves differently from
nonmanufacturing firms is outlined in Buera et al. (2011). The authors point out that manufac-
turing establishments generally operate at a larger scale than nonmanufacturing establishments
and argue that these differences can be explained by higher fixed costs of operation, which must
be financed. Thus while the manufacturing sector is more constrained ex ante, firms in this sec-
tor should on average be less financially constrained than their non-manufacturing counterparts

conditional on operating.

2.3 Structures Investment Detail

Structures, which represent about 35% of the manufacturing capital stock based on BEA esti-
mates, provide detailed evidence that the cost of new investment falls in response to contractionary

monetary shocks and that financially unconstrained firms take advantage of these opportunities.



The cost of new construction (including materials and wages) is strongly correlated with the resi-
dential housing market and thus falls sharply following a monetary contraction. These lower prices
lead to large estimated increases in manufacturing construction. Detailed commercial building
permit data show that this investment response is driven by the intensive margin: The number of
new manufacturing structures falls while the total value of new structures rises. Assuming that
larger firms build larger structures, this is consistent with the results shown for large firms in the
previous section.

The most well-known measure of manufacturing structures investment data comes from the
National Income and Product Accounts. As shown in Figure 4, there is a negative correlation
(-0.33) between residential investment growth and manufacturing structures investment growth.

The divergence between these series is particularly pronounced around recessions.
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Figure 4: Residential and Manufacturing Structures Investment

Note: This figure shows the year-over-year percent change in the NIPA quarterly measures of real investment in residential and manufacturing
construction. Shaded areas indicate recessions.

The inverse relationship between manufacturing and residential construction activity growth
5. While residential

investment falls by about 6.5% before returning to its baseline level, there is a much more muted

can also be seen in the responses to monetary shocks in the top row of Figure

effect in nonresidential structures investment. This is largely driven by manufacturing structures
investment, which increases by up to 7.7%. Residential investment averaged about 58% of total
structures investment from 1970-2008, meaning construction costs such as wages and building

materials are driven to a large degree by activity in the housing market. This can be seen in the



bottom row of Figure 5, which shows the responses of construction employment, real building
costs*, and the NIPA real manufacturing structures price deflator. These measures show that

the cost of construction falls significantly in the wake of contractionary monetary shocks and can

explain why manufacturing firms increase their investment expenditure in response.
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Figure 5: Empirical Responses to 100bp Contractionary MP Shock (90% CI)

Note: Real residential investment, real nonresidential structures investment, and real manufacturing structures investment data come from the NIPA.
Construction employment data are from the BLS establishment survey (CES). The Real Building Cost Index is calculated by dividing the nominal
building cost index calculated by the Engineering News-Record, which is based on measures of material and labor costs, by the GDP price index. Real
manufacturing structures prices are calculated by dividing the NIPA price index for manufacturing structures investment by the GDP price index. The
estimating equation has the same structure and number of lags as Equation 1 but does not include lags of industry sales growth or the share of durable
sales. Regressions include shocks from 1970-2004 and outcomes through 2008.

Building permit data allow for analysis of structures investment at the “project” level. Dodge
Analytics is a consulting firm that collects commercial building permits based on county-level
filings. They generously shared aggregate data on commercial building permits dating back to
1967 for the total number and value of new (defined as those with a planned start date within 60
days) building permits split by type of structure. The results for manufacturing structures are
shown in Figure 6.

The leftmost panel shows that the number of new permits is strongly procyclical, declining by

about 4% before returning to its pre-shock level over four years. The total value of the projects,

4This measure is the Engineering News-Record’s Building Cost Index, which is calculated based on a variety
of wages and materials in the construction industry and deflated using the GDP price index.
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shown in the middle panel, closely matches the shape of the response of the NIPA measure of
manufacturing construction value by increasing for about two years. The right panel confirms that
the average project size is strongly countercyclical. To the extent that bigger firms build more
valuable structures, these findings are consistent with those from the previous section showing
that the largest firms are able to take advantage of the decline in prices by increasing their
investment. The next section shows that the procyclical movement in the cost of investment is

not limited to structures.
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Figure 6: Empirical Responses to 100bp Contractionary MP Shock (90% CI)

Note: Building permit data were provided by Dodge Analytics. New permits are defined as those with a planned start date of within 60 days. Only
permits for manufacturing structures are included in the regression. The real value of all permits is obtained by deflating the nominal value by the
manufacturing structures investment price index. The real average permit value is obtained by dividing the real value of new permits by the number of
new permits. The estimating equation has the same structure and number of lags as Equation 1 but does not include lags of industry sales growth or the
share of durable sales. Regressions include shocks from 1970-2004 and outcomes through 2008.

2.4 User Costs and Monetary Policy

Investment decisions should take into consideration not just relative prices but also other factors
such as depreciation, financial frictions, and expected price dynamics. If firms rent their capital
then equilibrium rental rates should encapsulate all of this information. In a more realistic setting
in which firms own their capital and rental rates are not observed, a more structural approach is
necessary to back out the determinants of investment.

Deriving an empirical estimate of this implicit rental rate (known as the user cost of capital)
is the driving question behind a large literature which dates back to Hall and Jorgenson (1967)
and includes more recent examples such as Chirinko et al. (1999). In a structural model a firm’s
first order condition on capital accumulation can be rearranged so that the marginal product of

capital is isolated. The terms on the other side comprise the user cost and can be interpreted as
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the real per-period cost of investment. For example, in a neoclassical setting the user cost UC;

can be written as follows:

I

P
UCt = P—t [Zt + 5t — EtAPtI_,’_l] (2)

Y
t

P! and PY are the prices of investment and output, 4; is the gross interest rate, &; is the
depreciation rate, and EtAPtIJrl is the expected change in the price of investment. In this setting
firms will increase their investment if: 1) the relative price of investment falls, 2) the expected price
of future investment rises, or 3) interest rates decline. I calculate interest rates and depreciation
for manufacturing firms from the QFR, with total interest payments as a share of total debt
representing the interest rate and depreciation as a share of the capital stock as the depreciation
rate.

In the absence of data on expected investment prices I consider four alternative empirical
specifications. In my baseline specification in the leftmost panel of Figure 7, I use lagged changes
in investment prices as a proxy for expected future price changes. In the second panel, I use the
actual one-period ahead price changes. In the third panel, I ignore expected price changes entirely
by imposing E;AP/,; = 0. Finally, the last panel ignores interest, depreciation, and future price

changes and simply calculates the change in investment prices relative to the GDP price index.
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Figure 7: Empirical Responses to 100bp Contractionary MP Shock (90% CI)

Note: All user cost calculations are based on Equation 2. All specifications use the same measures for PtI (the nonresidential fixed investment price

index), PtY (the BEA manufacturing output deflator), it (total interest payments plus total debt dividied by total debt calculated from the QFR for the
entire manufacturing sector), and §+ (depreciation divided by the stock of property, plant, and equipment from the QFR for the entire manufacturing
sector). The specifications differ in how they treat expected net percentage changes in the price of investment EtAP; 1. The “Baseline” specification
uses the previous period’s percent change in PtIA The “Forward-looking” specification uses the actual one-period ahead change in PtI. The “No Price
Changes” specification sets the Ey APy term equal to zero in all periods. The “PI/PY” specification includes only the ratio of PtI to PtY and ignores
interest rates, depreciation, and expected price changes. The estimating equation has the same structure and number of lags as Equation 1 but does not
include lags of industry sales growth or the share of durable sales. Regressions include shocks from 1970-2004 and outcomes through 2008.
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All of these specifications show a reduction in user costs of about 0.6-0.8% in the 8 quarters
following the shock. The aggregate estimates in the previous section implied an increase in
the capital stock of up to 1.8%, implying a back-of-the-envelope user cost elasticity of between
-2 and -3. This number is larger in magnitude than most estimates, which range between -
0.5 and -1.0 according to Hassett and Hubbard (2002). A more recent estimate by Dwenger
(2014), however, estimates an elasticity of around -1.3. Caballero et al. (1995), who look at
plant-level investment data in manufacturing and are thus more directly applicable to my work,
find industry-specific elasticities from 0 to -2 with an average around -1 and larger elasticities
concentrated in nondurable industries. Thus while the elasticity implied by my results is large,
it is not implausible.” The next section shows that financial frictions can help explain why large
and nondurable producers take advantage of this decline in user costs while small and durable

firms do not.

2.5 Financial Constraints

In this section I show that durable producers are more financially constrained than nondurable
producers using QFR income and balance sheet data and argue that these differences can explain
the difference in investment behavior across sectors. Durable producers rely more on short-term
liabilities, pay higher effective interest rates, and disburse fewer dividends. In Appendix D, I
provide a more rigorous theoretical treatment based on Tirole (2010) showing that volatile demand
and intertemporal production, both of which are salient features of durable manufacturing, can
reduce the borrowing capacity of a firm compared to one which is otherwise identical.

While there is an extensive empirical literature that takes as given that some firms are more
constrained than others®, this paper builds on a research agenda that links the durability of a firm’s
output to the degree of financial constraint that it faces. Rajan and Zingales (1996), for example,
find that six of the eight manufacturing industries with the highest reliance on external finance are
durable producers. Almeida and Campello (2007) argue that the assets of durable producers are
less liquid than their nondurable counterparts, which reduces their value as collateral. Banerjee et
al. (2008) show evidence that durable producers in bilateral relationships maintain lower levels of
leverage than nondurable producers as a way of maintaining bargaining power to prevent holdup

problems. Finally, Gomes et al. (2009) find that durable goods manufacturers have a large equity

5Most of these estimates focus on changes in user cost due to taxes, whereas the most important feature of user
costs in my specification is monetary policy’s effect on the relative prices of investment goods.

6See for example Fazzari et al. (1988), Kaplan and Zingales (1997), Almeida and Campello (2001), Whited and
Wu (2006), Giroud and Mueller (2015), and Farre-Mensa and Ljungqvist (2016).
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risk premium and argue this is a fundamental consequence of the higher volatility of demand for
their products. To my knowledge, this paper is the first to directly consider these effects in the
context of monetary policy.

Analyzing these features requires a clear definition of what it means for a firm to be financially
constrained. I define a firm as being financially constrained if it faces a convex cost of obtaining
external capital. This implies that a firm’s marginal cost of raising one more dollar of external
funding is increasing in the amount raised.” In the limiting case in which a firm faces an explicit
cap on the quantity of funds it can raise, this curve will be vertical, but in the absence of
information about such limits, this will be indistinguishable from the case in which a firm is able
to raise additional funds but is deterred by the costs of doing so.

While measuring financial constraints in the data is notoriously difficult, there are several
commonly cited indicators discussed in the literature. These include higher reliance on short-
term debt, a higher risk premium, more volatile cash flows, and lower dividend disbursements.
Figure 8 shows that these measures all point to more binding financial constraints for durable

producers relative to nondurable producers.
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Figure 8: Financial Constraint Measures

Note: All data are calculated from the QFR. The first figure shows the ratio of each sector’s aggregate debt with maturity of less than one year to its
total debt. The second panel shows the aggregate average interest rate, which is defined as all debt interest payments divided by all debt. The third
panel shows the ratio of interest payments on bank debt to all bank debt. Both of these interest rate measures use only long-term debt stocks and
installments because information on short-term installments is not separately available. The fourth panel shows the ratio of net income to the stock of
property, plant, and equipment net of depreciation. The rightmost panel shows the ratio of dividend payments to the book value of equity. Shaded areas
indicate recessions.

Durable producers have a higher share of their total liabilities with a maturity of less than one
year. Past studies of the determinants of debt maturity such as Barclay and Smith (1995) and

Guedes and Opler (1996) find that smaller, riskier, and more credit-constrained firms are more

"This is the definition used in Almeida and Campello (2001) and Farre-Mensa and Ljungqvist (2016).
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likely to rely on short-term liabilities. Despite this, the second and third panels show that durable
producers generally face higher average interest rates than do nondurable producers. The total
interest rate for firms in each sector i can be approximately decomposed as R; = 7 + tp;, + rp;
where r¢ is an economy-wide risk-free rate and tp; and rp; are sector-specific term and risk
premia. The higher reliance on short-term liabilities for durable producers suggests their average
term premium should be lower (tpp < tpy). This in turn implies that their higher interest rates
are driven by a higher risk premium, a finding which is in line with those of Gomes et al. (2009).

Cash flows, shown in the fourth panel, offer further evidence durable producers face a higher
risk premium on their debt. Not only is cash flow more volatile for durable producers, but the
fluctuations are asymmetric in magnitude; while there is a small period in the mid-90s in which
the ratio was slightly higher for durable producers, it is far lower during the most recent three
recessions. Another commonly cited indicator of financial constraint in the finance literature
(including Whited and Wu (2006)) is the ability of a firm to pay dividends. If firms face a
premium to obtain outside financing, it will raise the real value of internal funds relative to
dividend disbursements. The rightmost panel shows that the dividend payout ratio is consistently
lower for durable producers, particularly since the mid-1980s. Figure 9 shows the breakdown for
large firms across sectors and compares them to all small firms, suggesting these differences are

not driven solely by different distributions of firm size across sectors.
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Figure 9: Financial Constraint Measures

Note: All data are calculated from the QFR. Large firms are defined as those with at least $1bn in assets. The first figure shows the ratio of each sector’s
aggregate liabilities with maturity of less than one year to its total liabilities. The second panel shows the aggregate average interest rate, which is
defined as all debt interest payments on debt divided by all debt. The third panel shows the ratio of interest payments on bank debt to all bank debt.
Both of these interest rate measures use only long-term debt stocks and installments because information on short-term installments is not separately
available. The fourth panel shows the ratio of net income to the stock of property, plant, and equipment net of depreciation. The rightmost panel shows
the ratio of dividend payments to the book value of equity. Shaded areas indicate recessions.

Large durable producers still pay higher average interest rates than large nondurable producers

15



despite relying more on short-term liabilities. Large durable producers also have more volatile
cash flows and pay fewer dividends. These findings imply that differences in the financial frictions
faced across sectors obtain even conditional on firm size. It also suggests a hierarchy of financial
constraint. Large durable producers appear to be more financially constrained than nondurable
producers, and small firms are more constrained than either type of large firm.

Information about the time it takes to produce in each sector provides further evidence for
heterogeneity in financial constraints, as long production schedules can distort the link between
production and cash flow. Figure 10 shows the share of total manufacturing inventories in each
sector broken down by stage of production: raw materials, works in progress (WIP), or finished
goods. While both types of manufacturers have broadly similar raw material shares at any given
time, there are substantial differences in WIP and finished inventory shares. Durable producers
have roughly 40% of their inventories as WIP compared to 15-20% for nondurable producers.
This difference is flipped in the finished inventory share, which is much higher for nondurable
producers. While there is minor cyclical variation, these ratios are relatively stable over time,

suggesting that they are inherent features of the goods being produced.
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Figure 10: Manufacturing Inventory Shares

Note: Each panel shows the ratio of the value of each type of inventory relative to the total value of inventories for each sector. Data are from the
Census Bureau’s Manufacturer’s Shipments, Inventories, and Orders (M3) survey and are exhaustive such that the three shares add up to one (subject to
rounding error). While the QFR data do report an aggregate inventory measure as a balance sheet item, the survey does not ask respondents to
distinguish between different types of inventories. Shaded areas indicate recessions.

Models that generate a need for finance through asymmetric information usually do not al-

low first-best levels of investment.® To the extent that volatility of cash flow or time to build

8Holmstrom and Tirole (1997), who use moral hazard, and Kiyotaki and Moore (1997), who use incomplete
contracts, are two elegant examples of this approach.
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can exacerbate these information frictions, durable producers should be more financially con-
strained in these settings. These mechanisms and their implications are discussed in more detail

in Appendix D. In the next section, I extend my analysis to manufacturing firms in Compustat.

3 Evidence from Microdata

The previous section showed the effects of monetary shocks on the aggregate capital stock of
the manufacturing sector. I found that contractionary shocks led to increases in investment and
that this increase is driven by large firms and those in the nondurable sector. To explain these
features I showed that the aggregate user cost of capital fell and provided suggestive evidence that
financially unconstrained firms were able to take advantage of the cyclical drop in prices. In this
section I use quarterly firm-level data from Compustat to show that the manufacturing capital
stock increases in response to contractionary monetary policy not just in the aggregate, but also
in the cross section. The increases in investment are even stronger for these publicly traded
manufacturing firms than for the aggregate measures from the QFR, suggesting that financial

constraints are important for these investment dynamics.

3.1 Panel Selection and Summary Statistics

I construct the panel from Compustat in a similar manner to Ottonello and Winberry (2018)
and Jeenas (2018). The main variable of interest in my regressions is the change in the log of a
firm’s real capital stock net of depreciation, which matches as closely as possible the definition
used in the QFR data. The full details of the data construction can be found in Appendix A.
The summary stats for several major variables of interest are broken down for all manufacturing

firms in the sample along with splits for durable and nondurable manufacturers in Table 1.

All Manufacturing Durable Nondurable
Variable | Ak, Assets Ak Assets Ak Assets
Mean 0.008 $2,316.97 0.006 $1,644.42 | 0.009  $2,700.32
Median | -0.005 $233.26 -0.007 $173.76 |-0.004  $301.21
Std. Dev. | 0.115 $9,345.04 0.104 $6,967.98 | 0.120 $10,469.59

Table 1: Summary Statistics for Manufacturing Firms in Compustat

Note: These statistics cover only manufacturing firms in Compustat. All variables are deflated using the GDP price index and expressed in millions of
2009 dollars. Ak refers to the change in the log level of real property, plant, and equipment net of depreciation (NPPE). Statistics for changes in NPPE
are calculated across all firm-quarters while the ones for assets are calculated as the time average of the cross sectional value in each quarter.
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3.2 Baseline Panel Regressions
I use the following as my baseline specification:

4

Akj7t+h = Qjpt+ Qegn + Qpgn + Iz, +QY,_; + Z Uh,kﬁﬁk -+ Bhdn + Vjit+n
k=1

(3)

Ak 11, is the change in the log of the real capital stock between time ¢ and time ¢ + h so that
h = 0 corresponds to the same quarter at which the shock hits and A = 16 corresponds to four
years after. €] is the same R&R-style monetary policy shock used in Section 2. In line with my
aggregate specification, I also include several lags of the shock. «;; is a firm fixed effect, g
is a calendar quarter fixed effect, ay,p is a fiscal quarter fixed effect, Z;,_; is a vector of firm-
level controls including normalized leverage, log assets, and sales growth, and Y;_; is a vector of
lagged aggregate controls including CPI inflation, GDP growth, and the unemployment rate. The
estimates of ), for all horizons up to h = 16 are shown in Figure 11 with 90% confidence intervals
for durable, nondurable, and all manufacturing firms. In Appendix B I show that my results are
robust to a variety of shock identification strategies and time horizons, including several measures

of high-frequency monetary shocks which do not start until the 1990s.
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Figure 11: Empirical Capital Stock Responses to 100bp Contractionary MP Shock

Note: Impulse responses correspond to the estimates of 3, from Equation 3. 90% confidence intervals are calculated using Driscoll-Kraay standard errors.
Regressions include shocks from 1975-2004 and outcomes through 2008. NPPE stocks are deflated using the nonresidential fixed investment price deflator.

The coefficient estimates are positive and highly significant throughout most of the four years
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following the shock, with a peak increase of around 4% for the total manufacturing sector by the
end of the response horizon. The peak response for both the durable and nondurable sectors is
similar to the aggregate.

In contrast to the QFR data, the average durable manufacturer in the Compustat data shows
an increase in its investment activity. There are several distinctions between the QFR and Com-
pustat samples that can explain this discrepancy. The most important is that publicly traded
firms are less likely to be financially constrained, and there is imperfect overlap between the large
firms in the QFR and those in Compustat (many of which have assets that fall below the QFR
threshold for “large” firms). Second, the industry classification system can vary by source. While
in principle both the Census Bureau and Compustat use a system based on revenues by source,
there is no guarantee that these measures overlap, particularly for large conglomerates with many
products and sources of revenue. Another possible source of difference is that Compustat is only
reporting the average result; to the extent that these effects are disproportionately focused on a
small set of firms, the average will not necessarily be a good approximation for the aggregate.
Finally, the QFR data report only domestic assets, while Compustat includes foreign assets; these
distinctions are most likely to be relevant for large multinational firms.

In conjunction with the results from the previous section, the findings from this section have
important implications about the relationship between investment and financial constraints. In
an economy with both financially constrained and unconstrained firms, it is not obvious ex ante
which of the two types of firms should drive aggregate investment dynamics in response to mon-
etary policy shocks. Financial constraints act to increase the marginal cost of investment, which
suggests that unconstrained firms should have more flexibility and thus be more responsive. On
the other hand, if contractionary monetary policy shocks exacerbate constraints through either
the intensive margin (by increasing the severity of the constraint) or the extensive margin (by
increasing the number of constrained firms), then these effects can dominate and financially con-
strained firms will drive aggregate investment behavior. My findings suggest that the former is
the stronger mechanism and is in line with recent evidence using microdata, such as Ottonello
and Winberry (2018) and Jeenas (2018), who find that it is the least financially constrained firms
whose investment responds most to monetary policy shocks.

While my results rely on the publicly available aggregate QFR data and Compustat, they
are generally consistent with the findings in Crouzet and Mehrotra (2018), who use the QFR
microdata to analyze how financial constraints affect firm-level responses to monetary shocks.
The exercise they conduct that is closest to my work involves analyzing the average responses

for different types of firms relative to the start of a recession. They find that large firms, firms
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with bond market access, and dividend-paying firms all increase their investment relative to the
start of the recession; in contrast, investment falls for small firms, those without bond market
access, and firms which don’t pay dividends. This is confirmed by their regressions which directly
estimate investment cyclicality relative to GDP with a variety of financial constraint interaction
terms; these regressions show that the correlation is consistently negative for the least constrained
firms. Their panel regressions estimate that the average QFR firm decreases its investment in
response to contractionary monetary shocks, but they use interactions between industries and
monetary shocks in their specification. To the extent that my results are driven by the distinction
between durable and nondurable producers, these interaction terms could explain this estimated
decline. Even with this specification, they estimate that firm-level manufacturing investment
is countercyclical using high-frequency shocks that start in the 1990s for both the QFR and

Compustat, which is in line with my results.

4 Model

In this section I develop a model that can match the empirical findings in Sections 2 and 3.
In light of the findings outlined previously, the key feature is that durable goods producers are
financially constrained. In response to a contractionary monetary policy shock, the flexibility
of pricing for durable producers causes the relative price of durables to fall. Durable producers
and borrower households are constrained and are unable to take advantage of these lower prices,
while nondurable producers and saver households increase their durable purchases. The result is
a model which can qualitatively match the responses of durable goods for both consumers and

producers to monetary shocks.

4.1 Households

The households in the model are based on those in Chen and Liao (2014). Measure w are savers
with discount factor g, while measure (1 — w) are borrowers with discount factor fp. Savers
are more patient (Ss > fp), which allows for borrowing in the steady state, and are endowed
with ownership of the firms. Households of type i € {S, B} maximize utility over nondurable
consumption Cﬁ, stocks D, ; and flows C’ﬁ of durable consumption, labor H;, and nominal bond
holdings B; ;.

To help the model generate more realistic dynamics, I subject households to two additional

frictions. The first is nondurable consumption habit formation in the manner of Fuhrer (2000).
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The second is real wage rigidity as in Blanchard and Gali (2007), where real wages are weighted
averages of past real wages and consumers’ current marginal disutility of labor times a markup
(which helps prevent the real wage from dropping below the marginal disutility of labor). These
mechanisms lead to smoother and more persistent model dynamics in response to shocks, but

none of the main results in the paper depend on them.

1+x
Ni,t
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t=0

(4)

I normalize relative prices in each period such that (pl¥)7(p?)1=" = 1. The budget constraints

are identical except for the inclusion of profits in the budget of savers.
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Durable goods accumulate according to a standard law of motion:
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Households are constrained in that they can only borrow up to some exogenous share m of the
value of their stock of durable goods. This constraint will bind in the steady state for borrowers

but not savers due to the difference in discount factors.

(1414)Bg: = pf)DB,tm (8)

Let 1, be the Lagrange multiplier on the borrowing constraint and A;; be the multiplier on
the budget constraint. The household FOCs are as follows:
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If the constraint doesn’t bind, ¥, = 0 and the conditions look the same for both borrowers and
savers. If ¢, > 0, then the decisions of borrowers are distorted in two ways. First, the marginal
value of one dollar today will be greater than the discounted expected marginal value of a dollar
tomorrow. Second, borrowers will receive an additional benefit to buying durable goods because

they will ease the borrowing constraint.

4.2 Firms

Each firm produces according to a standard Cobb-Douglas production technology and has a law
of motion for capital subject to “second-order” adjustment costs in the manner of Christiano et
al. (2005):

Y = AKS HITY (15)
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Nondurable firms are unconstrained and have standard first order conditions, with marginal
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A N _
? = BsE; [( ZH) {At+1mct+1aNKNt+11H1 N,jt+1 +pt+1( - 5K)}] (18)
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Durable goods producers face an intratemporal working capital constraint. Their purchases
of labor and investment are constrained to be an exogenous share £ of the value of their stock of

durable goods.

wlHP +pl 1P = EpP KP (19)

Let u; be the Lagrange multiplier on the durable firm financial constraint. Then the optimality

conditions for the durable firm’s choice of inputs are:
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If the constraint binds, p; > 0 and durable producers face an effective wedge on their input
prices relative to nondurable producers. In addition to increasing production, expanding their
capital stock also eases the working capital constraint faced by durable producers in the future.

Firms’ pricing decisions are subject to Rotemberg-style convex adjustment costs, leading to

the following price-setting optimality condition:

(1= €)pl + éme]] — ¢ (II] — 1) TI] + Bs¢’ E, (A;:l) (T, — 1) I, (%l) =0 (23)
4.3 Equilibrium and Solution

The market clearing conditions in the goods and borrowing markets imply:

wH, + (1 —w)HE, = HP (24)

wH, + (1 —w)Hy, = HY (25)

ngt +(1- w)C’gt =P (26)

wCl + (1 —w)Cf, =CF (27)

C£+I?+I§+§(HD—1)23QD=1§D (28)

cN + % (MY —1)* vy =y (29)

wBs;+ (1 —w)Bp, =0 (30)

Finally, to close the model, I specify a standard Taylor Rule for the nominal interest rate:

s(i + i) = (Bs(ina))” (07) " exp(el) (31)
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Following Monacelli (2009) and Chen and Liao (2014), I ensure that the calibration results in
the constraint binding in the steady state and then linearize around that steady state, assuming
that the constraint binds for small perturbations. The full set of equilibrium conditions can be

found in Appendix C.

4.4 Parameter Values and Calibration

Most of the parameters are taken directly from Chen and Liao (2014). I use the depreciation rate
for capital calculated from the QFR data and the depreciation rate for consumer durables from
the BEA fixed asset tables. I impose that both types of consumers have the same labor disutility
scaling parameter v and that both types of producers have the same capital share o and elasticity
of substitution €. The major addition is the parameter governing the exogenous working capital
constraint &, which I set to be 0.1. In addition to resulting in a positive value for the Lagrange
multiplier p in the steady state given the other parameter values, it is also reasonably close to
the sample averages for the ratios of cash (14.4%) and short-term bank debt (8.2%) to the capital

stock. The parameter values are summarized Table 2.

Parameter | Value Description
Bs, Br 0.99, 0.98 Discount factors
w 0.5 Share of savers
n 0.8 Nondurable consumption share
Puws W 0.5, 0.1 Wage rigidity and markup
h 0.9 Habit formation
Vs, VB 4 Labor disutility scale
m, 0.7, 0.1 Borrowing limits
op, ON 0, 58.25 Price adjustment costs
Op, 0N 2 Investment adjustment costs
0p, 0K 0.02, 0.03 Depreciation rates
€D, EN 11 Substitution elasticities
ap, N 0.33 Capital shares
Oy P 1.5, 0.9 Taylor Rule

Table 2: Parameter Values

4.5 Results and Mechanism

The model impulse responses for the capital stocks of producers can be seen in the left panel

of Figure 12. When a contractionary monetary policy shock hits, the price of durable goods
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falls. Nondurable producers, which are unconstrained, take advantage by increasing their capital
purchases. Durable producers, whose constraint is exacerbated by the decline in the value of their
capital stock used as collateral, are forced to cut back. The increase in capital expenditure by
the nondurable sector is larger than the decline from the durable sector, so the aggregate capital
stock in the manufacturing sector rises. For comparison, the right panel shows the estimated
capital stock responses from the QFR as in Figure 1. The model is able to match the empirical

dynamics of the manufacturing capital stock quite well.
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Figure 12: Model and Data Responses to Contractionary MP Shocks

Note: The left panel shows the model responses to a 100bp contractionary monetary shock to the capital stocks for the total manufacturing sector as well
as each subsector. The right panel shows the empirical responses to a 100bp contractionary monetary shock shown previously in Figure 1.

The two key mechanisms through which investment increases in response to contractionary
monetary shocks in this model, as in Barsky et al. (2007), are the long life of durable goods and
the decline in their relative price. When a monetary shock hits, both types of producers want
to cut prices. Because nondurable prices are sticky, durable producers are able to reduce their
prices by a larger amount. Even small drops in the relative price are able to spur large increases
in durable purchases in this model because durables are long-lived; buying the durable good at a
low price today is equivalent to getting a discount on a long series of future service flows.

As a result, this drop in the relative price of durable goods is large enough to offset the
decline in demand for nondurable producers and leads to them expanding their investment. The

presence of financial constraints prevents durable producers from increasing investment in two
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ways. Because they are financially constrained, the fall in the relative price of durables reduces
the value of their capital stock and hence the amount of money that they can borrow to fund
production. In addition, durable producers experience a drop in demand from the consumer side
due to the tightening of the borrowing constraints on impatient consumers that leads to a decline
in aggregate household durable expenditure.

This mechanism can be seen directly by looking at the model responses of the prices of
durable goods and the user cost in Figure 13. The orange line shows that the relative price of
durable goods falls sharply in response to a contractionary monetary shock before ultimately
rising above its pre-shock level. The red and blue lines represent the respective user costs- that
is, the implicit rental rate set equal to the marginal product of capital- for the durable and
nondurable producers. These expressions are complicated and include both current and expected
prices, demand, adjustment costs, and, for the durable firms, degrees of financial constraint. For
durable producers, the financial constraints are powerful enough to push up the user cost of

capital and lead to a reduction in their capital stock.
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Figure 13: Model Responses to Contractionary MP Shocks

Note: This figure shows the model response to a 100bp contractionary monetary shock for the relative price of the durable good as well as the user costs
for each sector. The user cost in the model can be calculated by rearranging the firm’s first order condition on investment to include everything but the
marginal product of capital on one side and all remaining variables- including current and expected prices, demand, and financial conditions- on the other.
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5 Alternative Models and Investment Comovement

The previous section showed that the model is able to generate responses to monetary shocks
that are consistent with the data for both consumption and investment. These responses are
summarized in Figure 14. The left column reproduces the analysis from the previous section
by showing the responses of the capital stock of each type of producer in both the model (the
top row) and the data (the bottom row). The right column shows the responses of nondurable
consumption expenditure and the stock of consumer durable goods. The bottom-right panel
shows that the responses of both nondurable consumption and the stock of durable goods decline
by about 1% before returning to their pre-shock level. The model matches the responses of
nondurable consumption relatively well, though with a larger peak effect. The on-impact decline
in the stock of durable goods matches the peak effect seen in the data, though it recovers quickly
and ends up stabilizing at a level above where it started. This is due to the combination of the

persistent drop in prices and the lack of adjustment frictions on the part of consumer durables.
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Figure 14: Model and Data IRFs to Contractionary MP Shock

Note: The top row shows the model responses to a 100bp contractionary monetary shock for the capital stock (left side) as well as the level of nondurable
consumption and stock of consumer durable goods (right side). The bottom row shows the empirical estimates to a 100bp contractionary monetary policy
shock. Empirical measures of consumer durables are reported as stocks while consumer nondurables are reported as expenditure flows. The capital stock
estimates on the left are the same as those shown in Figure 12. The nondurable consumption series comes from the BEA’s real personal consumption
expenditure data. The data for the stock of consumer durable goods come from the BEA’s real fixed asset accounts and do not include housing.
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As described in the previous section, the key mechanism in this model is the same as the one
pointed out in Barsky et al. (2007). The driving force is that agents are extremely forward-looking;
periods of lower demand are great time to buy durable goods because these goods are cheap and
will provide service flows for a long time. Simple models with multiple sectors generate coun-
terfactual predictions in response to monetary shocks, which has been termed the “comovement
puzzle” and resulted in a literature attempting to generate more empirically accurate responses.
In this section I compare the baseline model to several existing alternatives which attempt to fix
the comovement puzzle. By attempting to offset this forward-looking behavior, these models are
unable to generate the countercyclical investment patterns seen in the data.

One straightforward way to generate comovement between durable and nondurable consump-
tion is to simply change the utility function to allow for stronger nonseparability between durable
and nondurable consumption than in the baseline model. This is the approach used by Kim and
Katayama (2013). While their model allows for variable capital utilization, the stock itself is
fixed, and hence the model is not suitable for analyzing investment decisions. Another way of
fixing the puzzle is by generating “synthetic” price stickiness. If durable goods producers are
able to fully adjust their prices each period, their optimality conditions imply that price will be a
constant markup over marginal cost. If the marginal costs of durable producers are not perfectly
flexible, the adjustment of prices in response to monetary shocks will be limited. Carlstrom and
Fuerst (2010) generate this marginal cost stickiness by introducing sticky wages to their model,
but they do not have capital. Bouakez et al. (2009) use an input-output structure so that the
sticky-priced nondurable good is an input into the flexibly priced durable good; while their model
includes capital, it is in fixed supply.

Financial constraints offer a third approach. This strand of the literature started with Mona-
celli (2009) and Sterk (2010), who are able to generate comovement in both durable and non-
durable consumption but do not include capital. A more recent example of this approach is Chen
and Liao (2014), whose model allows for endogenous production of capital goods and serves as
a starting point for my own. While it correctly predicts that total capital increases following a
monetary shock, this increase is driven entirely by the durable goods sector.

Figure 15 compares the baseline model responses (in the top-left panel) to some of these
alternate approaches. The second and third panels in the top row show, respectively, the responses
under the assumptions of perfectly flexible prices in both sectors and the responses under the
assumption of no adjustment frictions (sticky wages, habit formation, Taylor Rule persistence,
and investment adjustment costs). While these two alternative setups are unable to match both

the timing and persistence of the capital stocks for each sector relative to the baseline model,
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they are still able to get the direction right.
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Figure 15: Capital Stock Responses under Alternate Model Assumptions

Note: All responses shown are for the capital stock to a 100bp contractionary monetary shock. The baseline model (top left) shows the same responses as
in Figures 12 and 14. The flexible price responses (top middle) use the same structure as the baseline model but with no price stickiness in either sector
(¢p = ¢ = 0). The model without adjustment frictions (top right) is the same as the baseline model (including price frictions) but does not have
adjustment costs on investment, wage stickiness, persistence in the Taylor Rule, or habit formation. All responses from the top row are based on models
with financial frictions on both firms and households. The responses in the bottom left are from a modification of the baseline model that includes
financial frictions on households but has no financial frictions for firms. The model in the bottom middle has financial frictions that apply to firms but
none that apply to households. The model in the bottom right includes no financial constraints for either firms or households. All model responses shown
on the bottom row include the baseline parameter values for price stickiness and adjustment costs.

For comparison, the second row shows the responses of the capital stocks in the model under
different financial frictions. The bottom-left panel shows the model specification in which only
households are constrained and both types of producers are unconstrained (this corresponds to the
model of Chen and Liao (2014)). While this model is able to generate an increase the aggregate
capital stock, it is the result of a drastically different sectoral composition; in the absence of
financial constraints, the capital stock of durable producers rises significantly while declining
slightly for nondurable producers, which is the opposite of what happens in the aggregate data.

The middle panel on the bottom row shows the responses under the assumption that durable
producers are financially constrained but households are unconstrained. In this setup, the cap-
ital stock of durable producers increases while it falls for nondurable producers. This occurs
because consumer demand for durables increases drastically in response to contractionary mon-

etary shocks due to the drop in durable good prices, in line with the intuition of Barsky et al.
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(2007). This consumer-driven shift in demand from the nondurable to the durable sector allows
durable producers to increase their capital expenditure. Finally, the lower-right panel shows the
results if neither households nor firms are financially constrained. While the models without fi-
nancial constraints on firms cannot match the aggregate data across sectors, they align well with
the Compustat results. To the extent that more and smaller firms are able to obtain access to
funding through reductions in barriers to financing over time, this suggests that the responses of

constrained sectors should look more like that of the manufacturing sector in the future.

6 Conclusion

Understanding which types of firms are financially constrained and how this affects aggregate dy-
namics is a crucial research question in macroeconomics and corporate finance. I use a novel data
set to show evidence that the capital stock in the manufacturing sector responds countercyclically
conditional on monetary shocks. This behavior is driven by firms that display fewer symptoms
of financial constraint including nondurable, large, and publicly traded firms.

Detailed building permit data from Dodge Analytics show that while the number of new
permits for manufacturing structures declines in response to a contractionary monetary policy
shock, the average project size increases. I provide some suggestive evidence that this can be
explained by falling construction costs, which are driven by the strongly procyclical behavior of
the residential construction sector. Analyzing the responses to a more general empirical estimate
of the user cost of capital for the manufacturing sector shows that it falls between 0.6-0.8% in
response to a monetary shock. This implies a user cost elasticity of between -2 and -3, a number
which is modestly larger than past estimates.

A model in which durable producers and impatient consumers face financial constraints can
match the data well. In response to a contractionary monetary policy shock, the relative price
of durables falls and the unconstrained agents (nondurable producers and patient consumers)
increase their durable purchases. In addition to fixing the comovement puzzle by generating de-
clines in both types of consumption in response to contractionary monetary shocks, a model with
financial constraints is also able to qualitatively match the responses of investment; most existing
models which fix the puzzle either abstract from endogenous capital production or have predic-
tions for the responses of investment that are at odds with the data. This model suggests that
the firms which respond most to monetary policy are actually the least financially constrained.
Removing financial constraints on all sectors in the model leads to investment dynamics that are

even more strongly procyclical than the baseline.
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These findings have two important implications for policymakers. The first is that monetary
policy can have a larger impact on the investment of unconstrained producers than constrained
producers even when the latter have much more volatile and interest-sensitive demand. The
second is that investment should become more countercyclical over time as financial modernization

reduces the number of firms which are financially constrained.
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A Detailed Data Description

A.1 QFR Data

The aggregate data come from the Quarterly Financial Report for Manufacturing Corporations
(QFR). This survey dates back to World War 11, when it was administered by the Office of Price
Administration. The Census Bureau has been responsible for administering the survey since 1982.
These data series are used as input to macroeconomic aggregates such as corporate profits and the
US financial accounts. The QFR sample, which includes approximately 10,000 firms in a given
quarter, is chosen based on asset sizes reported in corporate tax returns; any firm with more than
$250,000 in domestic assets is eligible for inclusion, and any firm with more than $250 million
is included in the sample with certainty. Firms who reside between these thresholds are chosen
randomly with the goal of obtaining a representative sample and are included for 8 consecutive
quarters with one-eighth of the sample replaced each quarter.

Data from 1987Q4 and beyond are available for download from the Census Bureau’s website.”
Publicly available data from before that time, however, can only be found in physical publications
or microfilm. Using these physical copies, I have digitized the data going back to 1966Q1. This
process consisted of mostly manual entry and occasional use of optical character recognition
(OCR) software when available. To ensure that the data series were digitized correctly, I have
checked that aggregating the component series by either size or sector add up to the correct total
in each quarter.

Each physical publication includes observations for the current quarter as well as the four pre-
ceding quarters. With few exceptions most of the data series were digitized from the publications
in Q1 of each year. Using these five level observations, I calculated the four implied quarterly
growth rates, giving me a series of growth rates. By using growth rates calculated within each
release, I avoid problems from comparing levels before and after methodological changes (includ-
ing changes in accounting procedures in 1973 and industry reclassifications in 1984 and 2001). I
then applied these growth rates to the levels of the most recent releases, effectively taking the
original growth paths and shifting them to the most up-to-date level.

Beyond adjusting for revisions, I have to account for the fact that the data are not seasonally
adjusted and in nominal terms. I use calendar quarter fixed effects for each regression in my
default specification to address these seasonality concerns, though the results are robust to using

the Census Bureau’s X-13ARIMA-SEATS seasonal adjustment process or a four-quarter moving

9
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average. | deflate the stock of net property, plant, and equipment using the nonresidential fixed
investment price index. Sales for each sector are deflated using the manufacturing output price
deflator for that sector after linearly interpolating it to a quarterly frequency. All other variables
are deflated using the GDP price index.

The respondents are aggregated by sector as well as asset size. The data consist of eight
nominal asset “buckets”: under $5 million, $5-10 million, $10-25 million, $25-50 million, $50-100
million, $100-250 million, $250-1,000 million, and $1+ billion. One issue with using the size data
is that the cutoffs are in nominal values and fixed over time; a firm with $50 million in assets in
1967 is much larger relative to the size of the total manufacturing sector than a firm with $50
million assets in 2007. One way to address this is to combine many of the smaller bins into one
“small” classification. For my baseline specification, I follow Crouzet (2015) in classifying all of
the firms with less than $1 billion in nominal assets as being “small”. An alternative approach
uses percentiles of sales. This is the approach used in Gertler and Gilchrist (1994) (who use a 30%
threshold) and Kudlyak and Sénchez (2017) (who use 25%). My results are robust to calcuating
the size cutoffs in this way.

Industries are classified by the Census Bureau based on sources of revenue. As part of its
submission, each company in the survey reports a breakdown of gross receipts by source industry.
To be in the scope of the QFR manufacturing sample, a firm must have manufacturing as its
largest source of gross receipts. Once a corporation is assigned to the manufacturing sector, it is
categorized into a subsector based on its largest share of manufacturing receipts. For example,
if a firm has 40% of its revenue from manufacturing and 30% each from mining and retail trade,
then the firm would be classified in the manufacturing sector. If 60% of the firm’s manufacturing
activity was conducted in the machinery subsector and 40% in the chemicals subsector, then
the activities of the entire corporation would be assigned to the machinery subsector. These
classifications are reviewed periodically and changed as needed for as long as the corporation
remains in the sample.

To provide further evidence that the QFR data are in line with other measures of the capital
stock, I can compare them to fixed asset data from the Bureau of Economic Analysis (BEA).
These data provide end-of-year estimates of the value of total fixed assets for both the durable
and nondurable manufacturing sectors. Figure 16 shows the year-over-year changes in the BEA
measure compared to the Q4/Q4 changes in the QFR data and suggests that the two data series
are capturing the same fundamental investment behavior. The correlations between the BEA
and QFR measures are high for the total series (0.87) as well as both the durable (0.83) and
nondurable (0.81) subseries, suggesting that the QFR data can be appropriately described as a
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higher-frequency and more detailed version of the BEA fixed asset data.
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Figure 16: Y/Y % Changes in BEA and QFR Fixed Asset Measures

Note: This figure compares the yearly percent changes in the BEA and QFR measures of the nominal fixed asset stock for the manufacturing sector. The
QFR numbers are shown as the year-over-year change in the fourth quarter of each year for comparison to the BEA data (which are at an annual
frequency and recorded at year-end).

A.2 Compustat Data

This section describes in detail the construction of the firm-level data used in Section 3. All
of the variable definitions are quite standard and follow the literature closely, especially Jeenas
(2018) and Ottonello and Winberry (2018). I use the nonresidential fixed investment price index
to deflate the capital stock, the manufacturing and the GDP price index to deflate all other
variables. While earliest observations in my final sample occur in 1972 the first few years of data
include fewer than 100 firms in each year, so I use data starting in 1975 (which includes more
than 2,000). In line with my analysis of aggregate data, I only consider monetary shocks that

occur up to 2004.

e Manufacturing: My analysis focuses on the manufacturing sector. I define a firm to be
in the manufacturing sector if it is classified as being in manufacturing according to either
the SIC (codes starting with 20-39) or NAICS (codes starting with 31-33). These can be

classified into durable or nondurable producers according to the following sectors:

To match the definitions used in the QFR data as closely as possible, I classify firms as

durable or nondurable according to the following procedure:
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SIC NAICS
Durable 24-25, 32-40 | 33, 321, 327
Nondurable | 20-23, 26-31 | 31, 322-326

1. Firms are classified as durable producers if they have a durable NAICS code as defined

above.

2. If a firm has no NAICS code but has a durable SIC code as defined above, I define it

as durable.

3. In rare instances, the NAICS and SIC codes suggest different sectors; this occurs
because a small number of industries have been reclassified over time. In these cases I
use the NAICS classification.

e Investment: This variable denotes the capital stock of each firm at the end of the quarter.
As the initial entry I use the firm’s first observation of Property, Plant, and Equipment
(Gross), which is item 118 and denoted PPEGT() in the Compustat database. From this
initial level, I add the quarterly change in Property, Plant, and Equipment (Net), which is
item 42 and denoted PPENT(). I use this method because there are many more observations
of the net measure than the gross measure of each firm’s capital stock. If a firm is missing
a single value of PPENT() between two nonmissing values, I linearly impute it using the
observations on either side. For instances of two or more consecutive missing values for a
firm, no imputation is done. I only consider firms with at least 40 consecutive quarterly

observations after imputation in my main analysis.

e Total and net current leverage: I define leverage as the sum of current liabilities (DLCQ,
item 45) and long-term debt (DLTTQ, item 71) divided by firm size as measured total assets
(ATQ, item 44). I standardize leverage by subtracting its mean and dividing by its standard

deviation across the entire sample. I define net current leverage as the ratio of short-term

ACTQ—-LCTQ )

assets minus short-term liabilities to total assets ( Ao

e Dividends: [ use item DVY as my measure of dividends. I consider both a dummy variable
for whether a firm paid dividends in a given quarter and a dividend rate, which I scale by

common equity equity (CEQQ).

e Dropped observations: To minimize the effects of outliers and reporting errors, I exclude

firm-quarter observations with any of the following features:
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1. A ratio of acquisitions (AQCY') to assets (ATQ) larger than 5%.

2. An investment rate (defined as %) in the top or bottom 0.5 percent of the distri-

bution.

3. A leverage ratio greater than 10 or a net current leverage ratio either above 10 or below
-10.

4. Changes in quarterly real sales of more than 100% or less than -100%.
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Figure 17: Ratio of Compustat to QFR Measures of Total Assets

Note: This figure shows the ratio of total assets in manufacturing firms in Compustat to total assets for all manufacturing firms from the QFR in each

quarter.

One reason why the results using the Compustat data might not match those using the QFR
data is because of sample selection. As a result, it is useful to compare the coverage between
the two different measures. Figure 17 shows the ratios of total assets in the Compustat
sample to the analogous measure in the QFR data. From 1975 until the early 2000s, this
ratio was about 50% for durables and 70% for durables. Starting in 2000, however, it
climbed sharply and has actually risen above 1 in recent years. This can occur because
Compustat reports all of a firm’s asset holdings regardless of country of residence while the
QFR data only report domestic operations and suggests that the international operations of
the largest US manufacturers are growing faster than the pool of small domestic producers.
It can also occur due to differences in classification. While SIC codes in both Compustat

and the QFR data are in principle assigned based on the distribution of revenues, these
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assignments are made by separate entities (the Census Bureau and Securities and Exchange
Commission, respectively) and might not match in all cases, especially in the case of firms

which produce a variety of different goods and services.

B Robustness Checks

This section discusses a variety of robustness checks on my main results. I show that the aggregate
results from Section 2 and the Compustat panel regressions in Section 3 hold across a variety of
starting dates and shock identification strategies. These results provide support for my main
finding that aggregate investment in the manufacturing sector is countercyclical conditional on

monetary shocks and that this behavior is driven by the least financially constrained firms.

B.1 Aggregate Regressions

My baseline specification uses narrative monetary shocks identified in the manner of Romer and
Romer (2004) that span from 1970-2004. The starting point corresponds to the first full year
for which the shocks are available (including the requirement of four lags in Equation 1). The
ending year means that all outcomes after 2008 (which represents the last full year when the
US economy was outside of the ZLB) are excluded. Coibion (2012) has shown that most of the
largest shocks in the sample occur during the 1970s and early 1980s and that excluding these
periods can meaningfully impact the estimated effects of monetary policy. The results starting
in 1980 and 1990 are shown in Figures 18 and 19. I also consider shocks identified from a vector
autoregression (VAR) based on Christiano et al. (2005) (Figure 20).

In terms of the aggregate responses of real sales and investment, the estimates starting in
1980 match closely the main results.'” The capital stock responses of the largest firms are quite
similar across both the post-1980 and post-1990 samples. The responses of the small firms are
much noisier but this due in part to the long-term decline in the importance of small firms.!'!
While the VAR effects are more muted, they go in the right direction and still show significant

increases in the capital stock by the end of the response horizon.

10The aggregate responses will not always be convex combinations of the responses of the component series
because they are estimated using separate regressions. These differences are negligible in the baseline results but
become more pronounced as the sample shrinks and the coefficient estimates for the controls and intercepts become
less precise.

HUManufacturers with at least $1bn in total assets held 48% of all manufacturing assets in 1970Q1, 62% in
1980Q1, 71% in 1990Q1, and 79% in 2000Q1.
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Figure 18: Responses Starting in 1980

Note: This figure shows the coefficient estimates 'y,’L from Equation 1, which corresponds to the effects of a 100bp contractionary monetary shock.
“Small” firms are defined as those with <$1bn in nominal assets and “Big” firms those with >$1bn in nominal assets. Sales are deflated using the BEA’s
manufacturing output deflator for each sector. NPPE stocks are deflated using the NIPA nonresidential fixed investment price index. 90% confidence
intervals are calculated using Newey-West standard errors. Regressions include shocks from 1980-2004 and outcomes through 2008. Estimated aggregate
responses will not necessarily be convex combinations of the component responses because they are estimated using separate regressions.
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Figure 19: Responses Starting in 1990

Note: This figure shows the coefficient estimates 'y,’L from Equation 1, which corresponds to the effects of a 100bp contractionary monetary shock.
“Small” firms are defined as those with <$1bn in nominal assets and “Big” firms those with >$1bn in nominal assets. Sales are deflated using the BEA’s
manufacturing output deflator for each sector. NPPE stocks are deflated using the NIPA nonresidential fixed investment price index. 90% confidence
intervals are calculated using Newey-West standard errors. Regressions include shocks from 1990-2004 and outcomes through 2008. Estimated aggregate
responses will not necessarily be convex combinations of the component responses because they are estimated using separate regressions.
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Figure 20: Responses Using VAR shocks

Note: This figure shows the coefficient estimates 7}1 from Equation 1, which corresponds to the effects of a 100bp contractionary monetary shock taken
from a VAR. VAR shocks are estimated from a vector autoregression based on Christiano et al. (2005) that includes log industrial production, the
unemployment rate, log CPI, log commodity prices, and the Federal Funds rate. The VAR is estimated using monthly data from 1966-2008 and includes
12 lags. Quarterly shocks are obtained by summing up the monthly shocks in each month of the quarter. “Small” firms are defined as those with <$1bn
in nominal assets and “Big” firms those with >$1bn in nominal assets. Sales are deflated using the BEA’s manufacturing output deflator for each sector.
NPPE stocks are deflated using the NIPA nonresidential fixed investment price index. 90% confidence intervals are calculated using Newey-West
standard errors. Regressions include shocks from 1970-2004 and outcomes through 2008. Estimated aggregate responses will not necessarily be convex
combinations of the component responses because they are estimated using separate regressions.
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B.2 Panel Regressions

The previous subsection considered a variety of robustness checks for my aggregate specification,
which used QFR data. This subsection considers a similar set of checks on the results from
Section 3 including several measures of high-frequency monetary shocks that cover a variety of
time periods and encompass several distinct identification strategies.

I consider specifications using shocks identified from a vector autoregression (VAR) as well
as estimates of high-frequency shocks from Kuttner (2001) and Nakamura and Steinsson (2018).
Due to data availability, the shocks do not all use the same time horizon. The first three panels,
including the baseline R&R approach, all start in 1975. The N&S shocks start in 1995, and the
Kuttner shocks start in 1990. While the coefficient estimates are not always significant, they are
almost always positive despite using different time horizons and identification strategies. These
estimates are shown in the top panels of Figure 21. For comparison, all of the results are combined
in the bottom panel.

This paper’s main finding is that the capital stock of the manufacturing firms increases in
response to contractionary monetary policy shocks and that financial factors can explain why
some firms increase their investment while others do not. Taken together, the robustness checks
in this section indicate that my results are not driven by the sample period, data source, or shock

identification strategy.
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Average NPPE Stock Response for Compustat Manufacturing Firms
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Figure 21: Empirical Responses to 100bp Contractionary MP Shock

Note: These impulse responses are estimated from Equation 3. All controls are the same in all specifications. The blue line uses narrative shocks
calculated in the spirit of Romer and Romer and include shocks from 1975-2004 and outcomes through 2008. VAR shocks are estimated from a vector

autoregression based on Christiano et al. (2005) that includes log industrial production, the unemployment rate, log CPI, log commodity prices, and the

Federal Funds Rate. The VAR is estimated using monthly data and includes 12 lags. Quarterly shocks are obtained by summing up the monthly shocks
in each month of the quarter from 1975-2004 and outcomes are estimated through 2008. The N&S shock series comes from Nakamura and Steinsson
(2018); I use their Federal Funds Rate shock (which excludes the estimated information content of each release) and estimate my results using shocks
from 1995-2004 and outcomes through 2008. The Kuttner shocks come from Kuttner (2001) and include shocks from 1990-2004 and outcomes through
2008. 90% confidence intervals are calculated using Driscoll-Kraay standard errors.
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C Full Set of Equilibrium Conditions

This section shows the set of equations which fully characterize the solution to the model pre-
sented in Section 4. After plugging in the household’s demand curve, the full Lagrangian can
be formulated as below. &V is set sufficiently high such that the borrowing constraint does not
bind for nondurable producers and thus Y = 0; as a result, the sector-specific superscripts are

omitted in the body of the paper.
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D Theoretical Basis for Lending Frictions

The New Keynesian model outlined in Section 4 treated durable goods producers as exogenously
subject to financing constraints. This section outlines several plausible theoretical mechanisms
that would endogenously lead to such frictions. This section is based on two properties which
are fundamentally features of durable goods: they take longer to build (the time effect) and face
more volatile demand for their product due to its longevity (the volatility effect).

I use the workhorse model developed in in Tirole (2010) to analyze these features for several
reasons. First, the model is simple, tractable, and allows for analytic results. Second, the model
is flexible enough to easily incorporate stylized versions of the time and volatility effects. Finally,
the solution to the model is an “investment multiplier” which says that the amount of funds that
a firm is able to raise is a linear function of the value of its assets, which is the same functional
form as the one found in the paper’s more elaborate New Keynesian model. While not all of
the parameters which determine the investment multiplier in this simplified context have direct
counterparts in the larger model, this section provides some justification for my choice of working

capital constraint and allows for some insightful comparative static exercises.

D.1 The Simple Model

There is a risk-neutral entrepreneur with sole access to the technology to produce their good.
The production of the project is a function of the investment X and effort e € {l,h} put into
it. The entrepreneur has net worth A that can be invested in the project; if he wishes to invest
X > A, he must borrow L = X — A from the banking sector, which is perfectly competitive and
risk neutral.

The financing of the projects is non-trivial due to the presence of a moral hazard problem.
If the entrepreneur exerts high effort ey, the project succeeds with probability p, and produces
according to the linear “production” function RX where R is the productivity or return of the
project and X € [0, 00). If the entrepreneur exerts low effort, the project succeeds with probabilty
P < pp, and the entrepreneur receives private benefits proportional to the level of investment BX.
I assume that p,R > 1 > p;R + B, which tells us that the project is only NPV positive on a
per-unit basis in the case of high effort, and p,R < 1 + %, which leads to a bounded quantity
of investment.

Because effort is not observable the contract cannot directly reward the entrepreneur for
working hard, so it must be set up in an incentive-compatible manner to prevent them from

running away with the money. This means that the entrepreneur must have enough “skin in the
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game” such that their private benefit from working hard exceeds their gains from shirking. The
contracting problem will have individual rationality (IR) constraints for both the borrower and
lender and an incentive compatibility (IC) constraint for the borrower.
Formally, their problem will be to split the investment X and total expected successful return
R into separate pieces for both the lenders and borrowers. Incentive compatibility will require
that the expected gain for the producer exceeds the private benefit of shirking:
BX

Rb(eh)X > Rb(el)X = ppRy X > p Ry X + BX = Ry X > A_p (72)

Here T've defined Ap = (p, — p;) to be the improvement in success probability that results
from hard work. Because the per-unit net return of the project (p,R — 1) is greater than 1,
the constrained investors will always have incentives to invest more in the project and they will
only be limited by the set of contracts agreeable to the bank. Thus, their IC constraint will
bind (RyX = %) and their IR constraint will be slack. The positive net return will result in
constrained investors optimally pledging their full wealth A to the project so that L = X — A.

I now write the IR constraint for the bank knowing that the optimal contract will induce high
effort on the part of the firm and that shirking will not be observed in equilibrium. I also allow

for an outside option of investing their funds to earn a risk-free gross interest rate of (1 + i):

(1+i)L > pRX = (1+i)(X — A) > p,[RX — R X] (73)

The second inequality holds because the lender’s return can be written as the total return
minus the portion promised to the borrower. Because the entrepreneurs have market power in
this setup, the IR constraint will bind for the bank and they will receive expected net returns of

zero in equilibrium. Thus, combining equations (1) and (2) we get the following condition:

(i+)(X — A) = py [RX — ByX] = (1+4)(X — A) = py {RX—%}
Ph B _ _ 1
:>X{1_1+i(R_A_p)1—A — X = 1_%[]%_%] A (74)

Re-write the utility function as a linear function of X and then plug in the investment multi-

plier derived above to write the borrower’s net utility as follows:
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R —1
- [R- £

1+i T Ap

UP = (phR - 1)X =

A (75)

Because all firms have constant returns to scale and the project has positive NPV, they will
always want to invest as much as possible. The model solution will be an “investment multi-
plier” k that reflects the return of the project, the outside interest rate, the project’s probaiblity
of success, and the severity of the moral hazard problem. In this setup, because R is known by

both parties before the investment is sunk, the contract can be interpreted as either debt or equity.

D.2 The Time Effect

In this section, the benefit of shirking B is a random variable that is realized after financing is
obtained but before effort is exerted. The disadvantage of having a production process that takes
longer is that there will be some probability that the borrower receives a high enough outside
option to deter them from working in later periods, and this will be taken into account by lenders.

There are two kinds of producers, durable and nondurable. Both types of producers share the
same values of p;, p, and R. In adddition, B is observable and realized for nondurable producers
prior to contracting so that they have the same solution as in the simple model.

Durable producers, however, draw their effort cost B from a distrubtion with CDF F(B) and
support [By, By]. Crucially, B is not realized until after financing is obtained and it cannot be
contracted upon directly. For high effort to be exerted, the financing scheme must be incentive
compatible. The contract will include a cutoff rule such that the borrower will exert effort if
B < B*. The borrower will exert effort as long as R, > i—;. The lender’s IR constraint will then
be very similar to the previous section, with additional terms showing that the expected return
will be lower to take account of the fact that the borrower can choose not to exert effort for high

realizations of B.

(1+4)L > pyRIXF(B*) + pRIX(1 — F(B*))

*

B . o B*\ .
o) X () 41 - P = (R- 3 ) px

— (14)(X —A) > <R—

X ! A= M(B)A (76)

1- & |R- &

142 Ap
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The borrower’s net utility will then be the total per-unit net surplus of the project (the
profitability, denoted P(B*)) times the total amount invested (the scope, M(B*)).

By,

UP = |F(B*) (phR — 1)+ (1 — F(B*)) ((le — 1)+ / Bf(B)dB — 1>} X = P(B*)M(B*)A
(77)

If F(B*) =1, p = pn, P(B*) = (phnR — 1), and this collapses to the previous case. Because

*

the borrower has market power, he will be free to set any cutoff that he likes. Choosing a
value of B* will pin down the agreed upon return to the borrower i—; while the lender will
receive Ry = R — i—;. The borrower’s choice of B* affects both the per-unit profitability of the
project P and its size M. In general, the value which maximizes his utility will depend on the
parameterization and functional form assumptions, but it will be higher than E[B]. In effect,
the borrower will optimally choose to offset the volatility friction by reducing the scope of the
project (and hence ensuring incentive compatibility) by choosing a higher effort cost. Thus even
in the case of risk-neutrality on the part of both the borrower and the lender, the information
friction leads to a “risk-premium” faced by the durable borrower; their project will have a smaller
scope, be less profitable, and exhibit more volatile profits than a nondurable producer who faces

a known effort cost at the time of contracting.

D.3 The Volatility Effect

A simple way to extend the model to allow for durable goods to have more volatile demand is to
treat the parameter R as a random variable that is realized after financing is obtained but prior
to effort being exerted. In this setup the per-unit returns to investment can be thought of as the
price of the good being sold; in this context, durable producers face more volatile returns because
their good has more a more volatile price. In this section I show that under a few additional
assumptions the investment multiplier will decrease in the case of a mean-preserving spread in
the return.

One issue that arises with this setup is that the optimal contract becomes more complicated.?
For simplicity, I will focus on fixed debt contracts in which income is not verifiable. If the firm
makes the repayment agreed upon at the time of the contract, it keeps any remaining profit. If
the firm does NOT make the payment, the bank is allowed to seize all proceeds from the project.
As in the simple model the borrower is protected by limited liability and that the private benefits

12See Innes (1990) and Chiesa (1992), for example.
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to shirking BX cannot be seized.

R has CDF F(R) with support [R;, Ry] and is realized after investment has been sunk but
before effort is exerted. In expectation, the investment is NPV positive only in the case of high
effort: p,E[R] > 1 > p,E[R] + B. Because the money is sunk before R is realized, however, there
will be some realizations for which the project turns out to be NPV negative and thus would not
have been financed if R were observable by all parties prior to the investment being sunk. This
hurts the borrower in several ways. Not only do low values of R make the project less efficient,
but they also exacerbate the incentive problem.

First consider the returns to the borrower. Define R* to be the return high enough to induce
effort from the borrower (this will be determined later). Given a predetermined amount of fi-
nancing X and debt to the lender B;, the borrower’s utility will be a function of the realization
of R. Tt must be the case that R* > %; this means that the borrower would not choose to exert

effort if it were not going to receive any of the benefit from working.

BX mRX — B, <0
UP (R:X.B) = (nR+B) X —pB Z<R<® (78)
thX — prBy R > R*

The first case comes from the combination of limited liability on the part of the borrower
and the realization of the private benefit regardless of the project’s outcome. The second case
corresponds to the region in which the return of the project exceeds the amount of debt owed, but
is not high enough to induce high effort on the part of the borrower. The third case corresponds
to the realizations of R that are high enough to induce high effort.

The lender’s return can be written similarly:

leX ph}?X — B <0
Ut <R7 X, Bl) ={pB L <R<FE (79)
phBl R > R*
In the first case, the returns are inadequate to cover the debt payment, so the lender simply

“orabs the entire cash register” and hence all of the proceeds from the project. In the second case,

the returns are high enough to cover repayment, but they occur with a low probability because

13This corresponds to the “cash-register” model in Tirole (2010).
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the borrower is not exerting effort. In the third case, the returns are high enough to encourage

behavior on the part of the borrower and the lender receives its payment with higher probability.

These cases are illustrated in Figure 22.

Borrower’s Payout Lender’s Payout

> $
_ s
(pnR + B)X —pyB,
Shirk Shirk
(plﬁ + B)X - plBl .
BX prBi
Y Work Default Y
efau
Default — Work
B
B plﬁX
» R > R
B * X
R B Ry R2oOBOR Ra
X

Figure 22: Borrower and Lender Payouts with Uncertain Project Return

Note: This figure shows the expected payouts to the borrower (left) and lender (right) as a function of the realized rate of return on the project R.

Incentive compatibility says that the borrower will exert effort as long as py, [fiX — Bl] >
p|RX —B|+BX — R> Aﬁp + Zt. Define F(R) to be the CDF for the return, and define

the following substitutions:

y=El1-FR)=1-8-a

These three terms correspond to the probabilities of R falling in the default (a), shirk (3),
and work () regions of the support. After substituting this term for the lender’s return, the

borrower’s expected utility at the time of contracting contracting will be:
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BUB(R; X) = aBX + 8 | BX + p(RX = By)| +7 [ (RX - B)] (80)

Where R=F [1% ) R > R*} and R=F [é ‘ % < R < R*]. Next I can write the returns for

the lender as:

EU"(R; X) = o [pRX] + 8 [pB)] + 7 [pn Bl (81)

Where R=F [ﬁi ‘ R < %} . Now write out the modified IR and IC constraints:

(IR) (1+1i)( a[pRX]+ BpBi] + v [prBi

X —A) >
(IC) B < (R*—A%)X

Here it is crucial to remember that while R is a random variable, the payout to the lender
B; must be decided ahead of time, and so the IC constraint will bind with equality at R*. This
implies that B; = (R* — Aﬁp) X. Because firms are perfectly competitive, the solution will be the
point at which the IR constraint holds with equality:

(1+)(X — A) = a[pBRX] + B [Bp + vpu]

— (1+)X —(1+)A=X {aplﬁ+ (Bu+1p8) <R* - Aﬁp)}

s X = 1 A (82)

1- & [ozpzﬁ + (B + vpn) (R* - A%ﬂ

Define the lender’s per-unit expected return as Q = ap R+ (8p+vpn) (R* — A%). The model

behavior will depend crucially on the partial derivative of the investment multiplier with respect

to R*. Substituting 2: = R* — £ and writing out the conditional expectation yields:
g X Ap g
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. B 1 L & R
F(R —A—p) m/& Rf(R)dR—/RZ Rf(R)dR

The fundamental theorem of calculus says that the derivative of this integral with respect to
R* will be (R* — A%) f (R* — A%), which will always be positive, so the integral will be strictly
increasing in R*. A higher value of R* will make default more likely and, when it occurs, more
profitable for the lender (because there will be higher values of R which result in default). While

this is independent of the distribution F'(R), the effects will be more complicated for the second
term in ). While v is decreasing in R*, the effect on § will depend on the distribution F (R)
Now, the only thing left is to determine the optimal choice of R*. To find this value, first

re-write the borrower’s utility function to show that it is linear in X:

EU" = aBX + 8 |BX + p(RX = B)| +7 [pn (RX - B)] —

EUP =X [(oz + B)B + BpulR + ypi R — (Bpi + vpn) (R* - Aﬁp)} (83)

Combining this equation with the the previous one yields the following form for the borrower’s

utility entirely as a function of the cutoff return R*:

(ar+ B)B + BpiR + ypn R — (Bpu + ypn) (R* - A%) |

B _
EU 1= 15 B+ (Bp+ ) (B = &)

(84)

Note when R is fixed and effort is always exerted in equilibrium, this collapses to Equation 75.
While there is a continuum of implementable contracts, because the borrower has market power it
will choose R* (which will subsequently pin down the amount borrowed and the lender’s return)
that maximizes its utility. While this expression does not necessarily have a closed-form solution,
simulations suggest the utility and the investment multiplier at the optimum are decreasing in
the volatility of R for reasonable choices of distributions and parameters. This suggests that firms
with more volatile returns face higher barriers to obtaining financing due to the frictions caused

by moral hazard.
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