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Motivation

Debt is the main source of external firm financing

but

Share of firm-quarters (in %)

Introduction

not all debt is created equal...
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Share of maturing debt (in %)

Empirical Evidence

Share of maturing debt =

debt maturing within next 12 months
total firm debt
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Consider a change of interest rates by the central bank...

1244

» Small share of maturing debt » Large share of maturing debt
» Investment response? » Investment response?
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Roll-over risk:

Large share of maturing debt
= high roll-over per period

= high pass-through of interest rate changes to cash flow

= should increase investment response!
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Debt overhang: B

Small share of maturing debt
= long remaining maturity

= interest rate and inflation have strong effect on real burden of nominal debt
(Gomes-Jermann-Schmid AER 2016)

= should increase investment response!
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Empirical analysis:
» Bond-level information
» Firm-level balance sheet data
» Monetary policy shocks

Result:

» Firm investment responds more strongly to monetary policy shocks
when share of maturing bonds is larger

Introduction Empirical Evidence Model Quantitative Analysis



Model:
» New Keynesian heterogeneous firm model
» financial frictions and endogenous debt maturity
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Main Results

Results:

» Model matches cross-sectional patterns in
firm size, age, debt maturity, leverage, credit spreads

» In line with empirical results, firms respond more strongly when
maturing bond share is larger

Aggregate effects:

» Conventional (ST + LT interest rates) vs. Unconventional MP (only LT
interest rate)

» Unconventional MP: larger effect on corporate debt maturity but smaller
effect on output and inflation
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Data Set

» Bond-level information from Fixed Income Securities Database (FISD)
» Firm-level balance sheet data from Compustat

» Baseline sample:

» Listed non-financial US firms with outstanding bonds
» 35,000 firm-quarters from 1995Q2 to 2018Q3
» two thirds of sales and fixed assets in Compustat

» bonds account for 62% of debt in firm sample and 40% of debt in Compustat
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Key variable: Maturing bond share of firm i in quarter t

maturing bonds (in $),,

Mi= total debt (in $),, ,

» Distribution
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Data Set: Monetary Policy Shocks

Looking for causal effects of MP:

» central bank responds to changes in economy
= large part of variation of interest rates endogenous

» isolate surprise component from anticipated changes

» high frequency identification:

» 30 min window around FOMC announcement
» price change of Federal Funds Futures
(Gertler-Karadi AEJ:Macro 2015)

» Time series
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Baseline Estimation

Panel local projections:
log kir.rh — log ki1 = 0! + 0% + BIM + Bf M e + vl

Regress changes in firm-level capital k;; at forecast horizon h on...
» firm-fixed effect 6"
» sector-time-fixed effect 4",
» maturing bonds share M
» monetary policy shock eMP

Key coefficient: S ...
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Panel local projections:
log kit — log kjz—1 = 6;’ + 5ft + B(')'M,-t + B{'M,—t 8:‘P + 1/,-';+h

Regress changes in firm-level capital k;; at forecast horizon h on...
» firm-fixed effect &7
» sector-time-fixed effect 5%,
» maturing bonds share M
» monetary policy shock eMP

Key coefficient: (7 ...
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Baseline Estimation

Excess capital response associated to M ;:

0.2 ‘ ‘ » contractionary 1-std
MP shock eMP
0 » M, is 1 std higher
4 = 8 quarters later firm capital
2_027 0.2% smaller
» about 30% of average capital
oal response

‘ ‘ » 95% confidence intervals
0 4 8 12

Quarters since shock
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Estimation: Robustness

Excess capital response associated to M, — M;:

deviation from firm-specific mean:

0.2 ‘ ‘ » substitute M,; by within-firm
0 My — M;
» controls:
a4 » assets
S 02t > age
» leverage
» asset liquidity
047 > sales growth
‘ ‘ » average maturity
0 4 8 12

Quarters since shock
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Estimation: Credit spread on LHS

Excess credit spread response associated to M ;:

8
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basis points
N o N

1
i

Introduction
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Quarters since shock

Empirical Evidence

» contractionary 1-std
MP shock eMP

» M, is 1 std higher
= 8 quarters later credit spread
3 bp higher

» about 10% of average credit spread
response

> . within-firm
deviation M;; — M and controls
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Alternative MP shocks

Alternative time samples

Including non-bond-issuing firms

Callable bonds and variable-coupon bonds
Compustat maturing debt share
Alternative denominators in M,
Non-linear specifications

vVvyVvyVvyVvyYVvyy
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» New Keynesian model

» Heterogeneous firms

» Equity vs. debt

» Endogenous debt maturity
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Model Setup

Firm problem:

Intermediate goods produced:

Yit = Zjt (k;f/iltiw)c

z;;: firm-specific productivity  k;;: capital  [;: labor

Firm earnings (before interest and taxes):

peyie — Wil + (€ie — 0) Qekie — f

pe: price of intermediate goods  w;: wage ¢€i: firm-specific capital quality shock
0: depreciation  Q:: price of capital goods f: fixed cost of production
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Short-term debt:

creditors firm
t: = P:B3,,
t+1: < (1+¢)B;i,
Long-term debt:
creditors firm
t: = PLBL.,
t+1: = (7+0)Biy
t+2: < (1=9)(v+c)Bhy
t+3: < (1 =77+ ©)Bis
t+4: =
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Model Setup

Cash-on-hand after production and payment of debt and taxes:

b3 bt
Gir =Qckit — 2k _ O
T e
c(b3+bk
+ (1 - T) PtYit — Welir + (5it - 5)thit —f— (;_t)
t

by: short-term debt (deflated by price level in t — 1)
bk: long-term debt (deflated by price level in t — 1)
7¢: inflation  7: corporate income tax

Benefit of debt: c is tax deductible
Cost of debt: firm cannot commit to repaying = default cost &
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Model Setup

Next period’s capital stock:

L
_ s .S L (L—=7)b;\
thiH—l - it + €it + bit+1pit + <bit+l_7T Pit
t
~— ~— ——
Cash-on-hand  Equity issuance Short-term debt issuance Long-term debt issuance

Perfectly competitive creditors:

S_J Bu'(Cei1)

1+c¢ (1—€)ﬂit+1
pit U/(Ct)

1 — Djps1)—— + D
[( t+1) Te+1 o bisr+1+b:'l§+1

] do(eits1)

Eit+1

L /BU/(Ct+1)/ [ 7+C+(1_'7)EP,'I}+1
c=E——- 1-D;
Pit U/( Ct) - ( f+1) Tert

+Dijrt1
bii1tbizsa

]d%ﬁ(&wl)

Introduction Empirical Evidence Model Quantitative Analysis



» convex cost of equity issuance
» convex cost of debt issuance = benefit of long-term debt

What is the cost of long-term debt?
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Debt overhang:

sell long-term debt
at price pt default risk default risk

t t+1 t+2
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Debt overhang:

15k
[ — ]
Leverage = Leverage =
debt / capital debt / capital
sell long-term debt 4 ¢
at price p* default risk default risk
t t+1 t+2
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Debt overhang:

L]
Leverage = Leverage =
debt / capital debt / capital
sell long-term debt
at price p default risk default risk
t t+1 t+2
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Debt overhang:

Leverage =

: Leverage =
debt / capital debt / capital
¢ I
sell long-term debt
at price pt default risk default risk
® ®
t t+1 t+2

= cost of long-term debt
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Model: General Equilibrium

» Representative household: C; and L,
» Retail firms: Phillips curve = p;, 7;
» Capital goods producers: = Q;
» Monetary policy: Taylor rule

Endogenous firm distribution 1,(q;:, bit, Zit11):
» cash-on-hand g;;
» outstanding long-term debt b;;
» idiosyncratic firm-productivity z;; 1

Introduction Empirical Evidence Model

» Details Firm Problem
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1. Introduction

2. Empirical Evidence
3. Model

4. Quantitative Analysis
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Important calibration targets:

Target Data Model
Mean firm leverage 34.4% 30.9%
Mean share of debt maturing within a year 30.5% 30.6%
Mean credit spread on long-term debt 31%  2.7%
Mean equity issuance / assets 11.4% 15.0%

» Full Calibration » Solution method
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(a) Firm leverage (in %)
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(b) Credit spread on long-term debt (in %)
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(d) Firm age
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» Choice of debt and capital affects default risk
» Part of default costs borne by existing long-term creditors

Long-term debt future debt future capital

t - * 4
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» Choice of debt and capital affects default risk
» Part of default costs borne by existing long-term creditors

Long-term debt future debt future capital

T - '

Small ex-ante default risk
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Model: Cross-Section

» Choice of debt and capital affects default risk
» Part of default costs borne by existing long-term creditors

Long-term debt future debt future capital

t -+ ¢

Large ex-ante default risk
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(b) Credit spread on long-term debt (in %)
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Model: Monetary Policy Shock

Monetary policy shock:
> persistent shock eMP to Taylor rule
» firms at different points of distribution 1:(qit, bit, Zir+1) respond differently

» role of M7
= run same regressions as in empirical analysis on simulated model data

> Aggegate response to MP shock
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log kitrh — log ki1 = ... + B(’)’M:t +/8{7Mlt€t e+ V,";_H,

0.2
= Data,
sssss Model
Roll-over risk:
o e
8 K R
o % ‘o" /
-0.2¢1 »t N—
-0.4
0 4 8 12

Quarters since shock
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s .S L (L=bi\
Qikitr1 = qie + €t + b 1p; + | by nT Pi:
t
0.2
== Data
----- Model
Roll-over risk:
0 .
"“ ---I-uuuu.uu-uuuuu" ’ hlgher Mit
gy e / = higher b3, and lower b},
02f * N = more roll-over
» higher pass-through of p3 and pk to
o4 cash flow
0 4 8 12

Quarters since shock
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Model: Monetary Policy Shock

1 —v)b;;
Qtkit41 = qir + € + bi+1pist + <b5+1_(m> Piﬁ

Tt
0.2
""" Modd]| - Debt overhang:
0 » higher interest rate and lower

inflation 7, increase debt
overhang for all firms
> effect on capital stronger for firms
with higher ex-ante default risk
04l 1 with higher M,

0 4 8 12
Quarters since shock

P-p-

-0.2 1
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» Heterogeneous responses to MP shock

» Channel decomposition

» Exogenous variation in maturing bond share
» More LHS variables
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Unconventional Monetary Policy

Conventional monetary policy:
» shock to Taylor rule = nominal ST interest rate
» expected time path of ST rates = nominal LT interest rate

Unconventional monetary policy:

» shock to LT interest rate
» ST interest rate held constant

» More Details
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Unconventional Monetary Policy

= dampened aggregate effects of Unconventional MP on output and inflation

Two reasons:

1. Investment partly financed by ST debt = lowering only LT rates less
effective
2. Strong endogenous reaction of debt maturity:
> flatter yield curve
= gradual and persistent build-up of LT debt
= medium-term increase of default rate and debt overhang
= dampened investment response
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Conclusion

Question: Does corporate debt maturity matter for the effects of MP?

Empirically:

» Firms react more when maturing bond share is larger

Quantitative model:

» roll-over risk and debt overhang together explain 90% of peak empirical
estimate

» Unconventional MP (only LT rate) has larger effect on debt maturity but
smaller effect on output and inflation than Conventional MP (ST + LT
rate)
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Thank you!
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» 6% of firm-quarters with M >0
» Histogram conditional on M;; > 0:

0.15

0.1

0.05

Share of firms-quarters

0 | |
0 20 40 60 80 100
Share of maturing bonds (in %)
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log Kiryn — log kie_1 = 67 + 5;’q + af E:AP + V,’;Jrh
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Appendix: Robustness Details

Introduction

AN tog ki

h=0 h=4 = h=12
M -0.0161 -0.129 -0.142 -0.0308
(0.0237) (0.0837) (0.0856) (0.107)
M x MP shock -0.0221 £0.126* S0.321%%*%  0.230%*
(0.0186) (0.0658) (0.0779) (0.0942)
Assets -0.694*** -5.301%** -10.04%** -15.56***
(0.181) (0.908) (1.739) (2.367)
Assets X MP shock -0.0200 0.0612 -0.205 -0.658
(0.0903) (0.321) (0.417) (0.513)
Age X MP shock -0.00197 0.0368 -0.104* -0.165***
(0.0203) (0.0527) (0.0547) (0.0558)
Leverage -0.284** -2.304%** -3.330%** -4.198%**
(0.128) (0.582) (1.019) (1.235)
Leverage X MP shock -0.0367 -0.113 0.0699 0.339**
(0.0453) (0.268) (0.286) (0.151)
Liquidity 0.519%** 1.230** 2.513%** 2.972%**
(0.103) (0.483) (0.764) (0.927)
Liquidity X MP shock 0.122** -0.0768 0.0132 0.223
(0.0606) (0.170) (0.263) (0.338)
Sales growth 0.104 0.947*** 0.821%** 1.018%**
(0.0689) (0.197) (0.236) (0.268)
Sales growth x MP shock 0.0461 -0.108 -0.264 -0.371**
(0.0632) (0.136) (0.196) (0.164)
Avg. bond maturity -0.00592 -0.240 -0.396 -0.445
(0.0486) (0.271) (0.438) (0.564)
Avg. bond maturity X MP shock 0.0255 0.00266 0.00278 0.0175
(0.0326) (0.196) (0.202) (0.129)
Empirical Evidence Model
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(a) Capital: Pre-Great Recession

(b) Spread: Pre-Great Recession
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Appendix: Calibration 1

Table: Externally calibrated parameters

Parameter  Description Value

B preference parameter 0.99

c debt coupon 1/5-1

0 inverse Frisch elasticity 0.5

¢ production technology 0.75

P production technology 0.33

1) depreciation rate 0.025

y repayment rate long-term debt 0.05

T corporate income tax 0.4

P demand elasticity retail goods 10

A price adjustment cost parameter 90

10} capital goods technology 4

mP Taylor rule 1.25

pmP Taylor rule 0.5
Introduction Empirical Evidence Model
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Appendix: Calibration 2

Table: Internally calibrated parameters

Parameter ~ Value Target Data Model
Pz 0.988 Regression log(k) on age 0.022 0.024
z 0.300 Std. of firm capital growth (in %) 16.8 15.0
Oc)z<E(2) 0.60 Mean firm leverage (in %) 34.4 30.9
Oc|z>E(z) 0.88 Regression leverage on age 0.196 0.225
£ 0.54 Mean credit spread on long-term debt (in %) 3.1 2.7
n 0.0045 Mean share of debt due within a year (in %) 30.5 30.6
v 0.0005 Mean equity issuance / assets (in %) 11.4 15.0
K 0.0151  Firm exit rate (in %) 2.2 2.1
f 0.2606  Steady state value of firm entry - 0
Introduction Empirical Evidence Model Quantitative Analysis



Appendix: Solution Method

Reiter (2009):
1. global solution of steady state
» idiosyncratic firm-level shocks z; and ¢
» stationary firm distribution u(q, b, z’)
» computational challenge in models of risky long-term debt: pt
» value function iteration and interpolation
2. perturbation for aggregate dynamics

» aggregate monetary policy shock
» first-order linear approximation

Introduction Empirical Evidence Model Quantitative Analysis
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Appendix: Heterogeneous responses to MP shock
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(a) Excess capital response (b) Peak response
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Average firm capital response:
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(a) Credit spread
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Stochastic discount factor A, prices:
» short-term debt

Stochastic discount factor A, ; prices:
» long-term debt
» equity

Segmented asset markets:

Alt:,t—i-l = (1 + 7755)/\5',:+1

= persistent term structure shock 7}
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