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Motivation

® Large literature argues finance important for macro and economic development

® [In theory, firms are more dependent on external financing early in their life
» Have not had time to accumulate internal funds and grow out of borrowing constraints

» Buera Kaboski Shin 2011; Guvenen et al. 2019; etc.

® Yet little is known about importance of financial frictions at different stages of firms’ life cycles
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This Paper

Present new evidence on the nature of external financing over firms’ lifetimes
> Use and cost of debt, frequency and size of equity injections

» Contrasting high- and middle-income countries

Develop a quantitative model of firm dynamics consistent with empirical patterns
1. Detailed capital structure: internal funds, defaultable debt, and costly equity injections

2. Learning about profitability and age-specific volatility
Use model to quantify losses in output per worker from financial frictions

Main finding: bulk of losses accounted by a new channel distorting firms’ exit decisions

> Young firms prematurely exit: costs of external financing higher than option value of learning

» Literature
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Outline

Life Cycle Facts



Data and Empirical Specification
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Data and Empirical Specification

Orbis Global Database (Moody’s Bureau van Dijk) > Descrip Stats

® Firm-level harmonized data from national business registers
® Annual balance sheet and income statements for privately-held firms between 1996-2018

® Eleven high-income and seven middle-income European countries *List > Scatier Inc-Fin
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Data and Empirical Specification

Orbis Global Database (Moody’s Bureau van Dijk) * Descrip Stats

® Firm-level harmonized data from national business registers
® Annual balance sheet and income statements for privately-held firms between 1996-2018

® Eleven high-income and seven middle-income European countries * List > Scatter Inc-Fin

Empirical Specification * Details

® Non-parametric regression considering 9 age groups
® Middle-income country indicator interacting each age group

® Control for sector (NACE 4-digit), cohort, and time fixed effects
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Finance Over the Life Cycle of Firms
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Finance Over the Life Cycle of Firms

Fact 1: Younger firms have higher leverage

» Firms in middle-income countries have lower leverage and flatter life cycle slope

1. Leverage 2. Interest rate spread 3. Equity financing
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Finance Over the Life Cycle of Firms

Fact 2: Younger firms pay higher interest rate spreads

» Firms in middle-income countries face higher spreads

1. Leverage 2. Interest rate spread 3. Equity financing
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Finance Over the Life Cycle of Firms

Fact 3: Younger firms are more likely to receive equity injections from shareholders

» Equity financing is slightly more frequent in middle-income countries

1. Leverage 2. Interest rate spread 3. Equity financing
45 * ’; 14 :\3 14 °
< 40 * g -0 e *
< * Z 1248 ° & El
© 35 L 4 > s L P g 12
s *e a 10 = *> °
g 30 * 3 ) , | )
5 259 o g L g SUDY = -3
3 - g2 6 0 o © 87 iestope-oi6s ¢ 3
2 207 pirsiope=-1.7 ® o 9o-0_o 5 Hl-slope=0.34 54 Py 4
15 MiI-slope=-0.89 =] 4 Ml-slope=-0.44 * E 6 MI-slope=-0.94 rY
TEFESIFST T OFEESI I LD TFF ARSI E
7y & A o \\/ \,\)/ \(_)/ N 7y & A o \\/ \,.7, \5’ N Ty & A o \\/ \,\)/ \(_)/ N
Age Age Age
¢ High-Income © Middle-Income
» Lev. als > Spr. a|s » Eq. afs » Eq. Size » Measurement » Firm FE » BP

4716



Exit rate (annual %)
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Exit rate (annual %)

Survival and Growth Over the Life Cycle of Firms

Fact 4: Younger firms have higher exit rates

» Firms in middle-income countries have higher exit rates, especially young firms

4. Exit rate 5. Output growth 6. Output growth, SD
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Exit rate (annual %)

Survival and Growth Over the Life Cycle of Firms

Fact 5 and 6: Younger firms have higher and more volatile growth rates

» Firms in middle-income countries grow faster and have more dispersed growth

4. Exit rate 5. Output growth 6. Output growth, SD
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Finance, Survival, and Growth Over the Life Cycle of Firms

1. Leverage 2. Interest rate spread 3. Equity financing
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Environment

® Discrete time, infinite-horizon, small open economy
® Representative household preferences over final good and leisure

® Endogenously determined mass of risk neutral firms

» CES demand (optimal scale), CRS technology, capital s.t. 1-period time-to-build > Details
7 (ki,zi) = max;, Aexp(z,-)[kial,-(lfa)ﬁ —wl;
» Learn about profitability and face age-specific volatility

» Finance through: internal funds, defaultable long-term debt, and costly equity injections

» Demographics: mass of prospective entrants, endogenous and exogenous exit

® Financial intermediaries price firms’ debt competitively, symmetric information
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Learning About Profitability (1/2)

e Firm i at age ¢ observe
Zir = Sit +Eir (not s;; and ¢;; separately)

where

Sit = PsSi—1 +ttie, 510 ~N(510,%0), uir ~N(0,02), ey ~N(0,0%), 0% = (1+pLC.)? o2
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Learning About Profitability (1/2)
e Firm i at age ¢ observe
Zit = Sit T €ir (not s;; and ¢;; separately)
where

Sit = PsSi—1 +ttie, 510 ~N(510,%0), uir ~N(0,02), ey ~N(0,0%), 0% = (1+pLC.)? o2

® Kalman filter implies recursions for $§;41 = E[si41]2}] and ;11 = V(sjp1]2h)
Sitg1 = psSic + Kigir
Zir = 8it + it
with g;; white noise and
t P 2
Zit+1|Zi ~ N(S,'1+1, it +Uer+l)
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Learning About Profitability (1/2)
Firm i at age ¢ observe
Zit = Sit T €ir (not s;; and ¢;; separately)
where

Sit = PsSi—1 +ttie, 510 ~N(510,%0), uir ~N(0,02), ey ~N(0,0%), 0% = (1+pLC.)? o2

Kalman filter implies recursions for ;41 = E[s;41|2}] and X417 = V(sj41(2})
Sit+1 = psSit + Kigir
Zir = Sit + &it
with g;; white noise and
Zir1|2 ~ N G, St +02,11)

Because s;; is stochastic, learning is incomplete, compared to Jovanovic 1982

» KF Recursions
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Learning About Profitability (2/2)
Age-specific o, slows down firms’ learning (noisier signals)

Site1 = psSic + Ky (8ir — 2ir)

- 2
Zit+1 |Z§ NN<sit+1a Yt +ng+1)

V(zi,|zf.71) =Y +0% Kalman gain, K; o2 = (1 —|—p€Cg) o2
0.03 0.7
-e-Baseline 0.02
0.6
0.5 0.015
0.4 N
0.01
0.3
0.2 0.005
0 5 10 15 0 5 10 15 0 5 10 15
Age t Age t Age t

Notes: Baseline assumes X /X o = 1.211, pg = 0.968, oy = 0.048, 0= /o, = 1.978, Cc = 0.61, and p. = 0.827. Cc = 0 (no age-specific volatility) uses same
parameters with the exception of (/oo = 1.816. Perfect Info. assumes the firm perfectly observes s and , hence, V(z;, \zr 1) = 05 + o-it. » SD erowth
g
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Age-specific o, slows down firms’ learning (noisier signals)

Site1 = psSic + Ky (8ir — 2ir)

- 2
Zit+1 |Z§ NN<sit+1a Yt +ng+1)

V(zi,|zf.71) =Y +0% Kalman gain, K; o2 = (1 —|—p€Cg) o2
0.03 0.7
—e—Baseline 0-02
0.025 —-C.=0 0.6
s — Perfect Info. 0.015
S 0.5 .
+ 0.02F\ ) R
= 0.4
W 0.01 0.01
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0.01 0.2 0.005
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Age t Aget Age t
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. . —1
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Finance
® Firms can borrow using defaultable long-term debt b;,, |, random maturity ¢, coupon r  * Deuils

> Price of debt g, | (kit-1,bit+1,8ir+1) determined by intermediaries’ ZEP condition ~ * Dewils

» If the firm defaults, the intermediaries recover p(1 — 0)kj1 1

® Equity injections carry a fixed and convex cost (Hennessy Whited 2007)

Ao + A1 [xi| + Ao |xi|* if dividends x; <0
A (i) = 0 eoc

® Firms’ budget constraint implies that capital investments equal

kiry1 — (1= 0)ki = w(kir,zir) —exp(zir)crie —(0+1)bis  — Xit

internal funds equity/dividends
+ G 1 (Kitg 1, Dir 15 Sit41) [Birg1 — (1 — @) byt
new debt
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Finance
® Firms can borrow using defaultable long-term debt b;,, |, random maturity ¢, coupon r  * Deuils

> Price of debt g, | (kir+1,bir+1,8ir+1) determined by intermediaries” ZEP condition > Details

» If the firm defaults, the intermediaries recover p(1 — d)k;41

® Equity injections carry a fixed and convex cost (Hennessy Whited 2007)

Axy) = {AO + Aq x| + A2|x(,-),\2e 01;1" dividends x;; <0

® Firms’ budget constraint implies that capital investments equal

kirg1 — (1= 0)kiy = w(kit,zir) —exp(zir)crir — (P+1)bie  — xig

internal funds equity/dividends
+ g1 (Kt 1, Diss 1, 8it41) [Pis1 — (1 — @) byf]
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Learning and Financial Frictions

® Young firms have an option value of continue operating and learn about their profitability

0.4 —~0.3 —~ 04

s Age 0-4 o 2: X o
< e = s 0.4 63
) 0.3 S 2 0.2 £03 S
= ¢ 0. g =
X - 2, ) 0.3 °
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] =z 201 ! =
o1 z = 0.1 01 E
3 g 4 = )1z
= & o =]

0 E 0 = 0

0.5 1 1.5 2 0.5 1 1.5 0.5 1 1.5 2
Profitability, exp(zit) Profitability, exp(zi) Profitability, exp(zit)
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Learning and Financial Frictions
® Young firms have an option value of continue operating and learn about their profitability

e Signals (z) and degree of uncertainty (age) relevant for firms’ capital structure
» Young firms with high signals: more likely to use equity financing, pay lower spreads

» Young firms with low signals: rely mostly on debt, pay high spreads

Leverage Interest rate spread Equity financing
0.4 =03 —~ 04
Age 0-4 g X
= e Age 5-16 = =
8 03 —Age 17+ g 0.2 E 0.3
g Pl & &
0.2 2 0.2
&0 2 £
g £0.1 A,_ £
5] [ & 0. — =)
£0.1 = 0.1
& _/ g & L
0 E 0 g Le——
0.5 1 1.5 2 0.5 1 1.5 2 0.5 1 1.5 2
Profitability, exp(zit) Profitability, exp(zi) Profitability, exp(zit)
» Timing » Entrants » Incumbents’ DP » Equilibrium
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Outline

Quantifying the Model



Calibration Strategy
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Calibration Strategy

® Annual frequency

® Assign parameters to standard values, same for both regions  * Assigned
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Calibration Strategy

® Annual frequency
® Assign parameters to standard values, same for both regions — * Assigned

® Parameters governing distribution of entrants, idiosyncratic shocks, and financial frictions > Calibraied

» Separately calibrated for high- and middle-income countries
» Minimize distance between salient moments in data and model  * Model Fit

» Severity of financing frictions chosen to match micro facts about leverage, spreads, equity

12/16
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o~

Untargeted Moments and Validation

. Life cycle patterns  * Figures

» Model does a good job replicating complete life cycle patterns of the six facts

. Output distribution by firms’ age  * Figures

» Model is consistent with the distribution of output by firms’ age in the data

. Forecast errors (FEs)  * Details
» Model implied FEs decrease with firms’ age, in line with evidence

» Magnitude: model can account for financial and real facts with empirically plausible FEs
. Capital investments and equity financing * Table
» Capital investments are twice as large during equity financing injections, as in data

» How Constrained Are Young Firms?
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Aggregate Implications



Aggregate Implications of Financial Frictions

* Steady state comparisons to perfect credit benchmark ({A;} = 0) show that financial frictions

» Reduce output per worker in 15% and 24%, in high- and middle-income > Table

» TFP is 8% and 13% lower
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Aggregate Implications of Financial Frictions

* Steady state comparisons to perfect credit benchmark ({A;} = 0) show that financial frictions

» Reduce output per worker in 15% and 24%, in high- and middle-income > Table

» TFP is 8% and 13% lower

® Decomposing the losses in three channels ~ * Deuwils

1. Capital deepening (lower K /Y) accounts for 25% of losses > Table ¥ /L
2. Capital misallocation accounts for 13% of the losses » Table TFP

3. Distortions in firms’ exit margin account for bulk of the losses 62%

14/16



Financial Frictions and Firms’ Exit

Distortions in exit margin driven by young firms, little effect on older firms

High-Income Middle-Income

30 30
= — Data = s Data
!i 25 === = 1Baseline é 25 === = 1 Baseline
g 20 me@es Perfect Credit % 20 wees Perfect Credit
E E
) E15
2 2
E z 10
- =
% i)
= 2

NP PN S I I P N
ST AT D> K
Age
High-Income Middle-Income
Perfect Credit ~ Baseline Perfect Credit ~ Baseline
Exit Rate 0.04 0.08 0.06 0.14
E[lifespan] 25.3 12.5 17.9 7.1
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Conclusions



Conclusions

® This paper presents new evidence about the nature of external financing over firms’ lifetimes

» Significant differences in firms’ access to finance over their life cycles and across countries

® Develops a firm dynamics model with rich capital structure and learning about profitability

» Key: younger firms rely more on external financing while facing higher uncertainty and risk

® Model calibrated to micro facts predicts that financial frictions generate
» Losses in output per worker of 15% and 24%, in high- and middle-income countries

» Bulk of losses explained by a new channel: young firms’ premature exits

High-Income 15% Middle-Income 24%

9% 15%
270 B TFP Exit Q(i)

4%
3% I TFP Misallocation k;/py;
% i\ [ ]Capital Deepening K/Y
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Related Literature and Contribution

® Open debate: quantitative relevance of financial frictions as a source of capital misallocation

- TFP differences across countries: Buera Kaboski Shin 2011; Midrigan Xu 2014; Moll 2014;
Greenwood Sanchez Wang 2013; Gilchrist Sim Zakrajsek, 2013; Cavalcanti et al. 2021

- Desirability of wealth taxation: Guvenen et al. 2019

® Empirical corporate finance (public firms)

- Finance by firms’ age: Rajan Zingales 1998; Hadlock Pierce 2010; Dinlersoz et al. 2019

® Age and firm dynamics

- Empirical: Haltiwanger Jarmin Miranda 2013; Adelino Ma Robinson 2017; Dyrda 2019
- Models w/ learning: Jovanovic 1982; Arkolakis Papageorgiou Timoshenko 2018; Chen et al. 2020
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Descriptive Statistics

High-Income Middle-Income
Mean SD Mean SD
T 10.1 8.2
Age 12.4 9.1
Employment 13.1  28.1 13.3 30.9
Sales (USD millions) 2.1 54 1.1 3.2
Sales Growth 0.06 029 0.08 0.37
Leverage 0.38  0.36 0.23 0.30
Interest Rate Spread 0.03 0.12 0.06 0.18
Fr. Equity-Fin. 0.06 0.08
Size Equity-Fin. 0.14 023 0.16 0.27
Manufacturing 0.14 0.23
Services 0.67 0.59
Other 0.19 0.18

N 30,056,311 6,324,422
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List of Countries

High-Income Middle-Income

Austria EU-€ 395 Croatia EU 10.4
Belgium EU-€ 369 Czechia EU 14.4
Denmark EU 36.7 Hungary EU 10.4
Finland EU-€ 389 Poland EU 9.3
France EU-€ 344 Romania EU 6.0
Germany EU-€ 36.7 Slovakia EU-€ 12.5
Italy EU-€ 30.1 Slovenia EU-€ 18.5
Norway = EEA  66.8
Spain EU-€ 244
Sweden EU 44.7
UK EU 37.5

Average 38.8 11.6

Notes: $ amounts correspond to average GDP/capita between 1994-2018 in *000 2015 USD. EU denotes European Union membership (as of 2018). EEA denotes membership to the
European Economic Area. € denotes the Euro as currency.
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Income and Financial Development in Europe

150+

100+

Private credit/GDP (%)

50 >
piH
R
OA T T T
5k 10k 20k 40k

GDP/capita (USD log scale)
Notes: Country-level averages for the sample period 1996-2018.
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Empirical Specification

® For each variable y, run the non-parametric regression

Yie= D (Ya+ " MI)DE + ay + e + 0 + €
acA

where

» Aincludes 9 age groups: 0-2, 3-4, 5-6, ..., 13-14, 15-16, and 17+

v

Df, equals 1 if firm i belongs to the age group a in period ¢

v

M]; is equal to one if firm i is located in one of the middle-income countries

> «ap denotes NACE 4-digit industry fixed effects

v

a, and o, correspond to cohort and time fixed effects, respectively*

< Return

The Deaton-Hall normalization is used on the time dummies to simultaneously control for age, cohort, and year effects



Measurement: Mapping Between Data and Model

In data (njs — xj;) = TOAS;; — CULI; — NCLI;= CAPI; + OSFD;
bis+1 = LOAN;; + LTDB;; — CASH;;

kitt1 = g — Xig + birg1

— ktan + kint + ka
~
0.76 0.11 0.13

k is known as financial capital in the corporate finance literate (Welch IRF 2011)
Leverage is measured as £;; = max{b;;,0} /ki,

The spread is the average interest on outstanding debt relative to the country risk-free rate, ( )” —I'fys

where rb is measured by firm financial expenses (FIEX;)

Equity injections are measured by the variable x;; = —ACAPI;, where CAPT is issued share capital
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Leverage: By Age Conditional on Size

Vie= D (Yas + VM) DEDS, + iy + 0t + 0y + €5
acAseS

High-income Middle-income

501 14 ==59 == 10-19 501 1-4 59 10-19
[ S — 2049 = 50-99 =— 100+ < = 20-49 == 50-99 — 100+
S 40 S 40
X I S\i
gﬁ 301 \ g)n 30
5 5 —
z 207 g 20— ————
— —
101 Avg. slope=-1.5 101 Avg. slope=-0.79
Q‘,,&jo‘%\d\'\‘,\&\b‘,\x‘ 5\‘,,&}0‘96\6@\&\6,\%
Q' 'A‘) (’) (\ qz \\z \,bz \g}z N Q "") ‘) (\ q: \\¢ \ﬁ’)' \cy N
Age

Age
Notes: Leverage is net financial debt over capital, max{bj;,0} /kj;. Predicted values are scaled using the unconditional mean of the omitted group (oldest and biggest firms in HI).
The regression considers firms’ capital as weights.
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Spreads: By Age Conditional on Size

Vie= DD (Yas + VM) DEDS, + iy + 0t + 0+ €

ac AseS
High-income Middle-income
a. 251 14 =59 == 10-19 =9 251 14 5.9 10-19
R —20-49 == 50-99 — 100+ " — 20-49 = 50-99 — 100+
< 207 < 207
< <
£ 151 2 15
a, 2,
1] w
— —
8 5 — 8 59
F—é | Avg. slope=-0.41 Fé | Avg. slope=-0.84
Ty X% 0 38 O > O X T R0 D 8 O % B X
7y o AT N NN YO QYT T AT N MY YO
SN AR SN A
Age Age

('gz“ — rf;. Predicted values are scaled using the unconditional mean of the omitted group (oldest
1
and biggest firms in HI). The regression considers firms’ debt as weights.
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Notes: The spread is the average interest rate relative to the country risk-free rate,



Fr. Equity Financing: By Age Conditional on Size

Vie= DD (Yas + VM) DEDS, + iy + 0t + 0+ €

acAseS
High-income Middle-income
201 14 =59  ==10-19 201 1-4 59 10-19
= 20-49 == 50-99 = 100+ == 20-49 == 50-99 = 100+

—_—
W
L

Freq. equity (annual %)

° « S

> /
Freq. equity (annual %)

)

—_
(9]
L

\/

5,
| Avg. slope=-0.81 | Avg. slope=-1.0
R RNEVRCECR TF 8BS O8N
Q%%f\q\\\p_},\‘y\ 0'56‘\0,'\\'\%'\5'6
Age Age

Notes: The annual frequency of equity financing is the average of 1 {xjp <0} Predicted values are scaled using the unconditional mean of the omitted group (oldest and biggest firms
in HI). The regression considers firms’ sales as weights.
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Exit rate (annual %)

Exit Rates: By Age Conditional on Size

Vie= D (Yas + VM) DEDS, + iy + 0t + 0y + €5

ac AseS
High-income Middle-income
304 1-4 =59  ==10-19 —_ 30 1-4 59 10-19
—20-49 == 50-99 =— 100+ X —20-49 == 50-99 =— 100+
=
20+ 2 201
=
&
o}
10 s 101
Avg. slope=-0.87 [Sa] Avg. slope=-0.94
'\‘, >, 6 NEVECES Y X 6 SO & L
a)&)'/\' \\\’\ NS \\\,\
SARANARY °> RN
Age Age

Notes: Exit are measured using Orbis’ status identifiers.
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Output Growth: By Age Conditional on Size

Vie= DD (Yas + VM) DEDS, + iy + 0t + 0+ €
ac AseS
High-income Middle-income

1-4 m—5-9 == 10-19
= 20-49 == 50-99 = 100+

1-4 5-9 10-19
N ==2049 == 50-99 = 100+

15’\\

o —
=

Growth rate (annual %)
w3

Growth rate (annual %)
S

Avg. slopc= 1.1 Avg slopc=-1 1

& 5
’b‘)’\oj

X O aX v NIV
N N ;
R RPN q\ x\%x\c) Q

L
/9
/,

Age Age

Notes: Annual growth rates are measured as 100(y;; — yir—1)/(0.5yi 4 0.5y;;—1 ). Output is measured by firms’ value added. The regression considers firms’ current output as

weights.
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Output Growth SD: By Age Conditional on Size

High-income Middle-income

o)
<

1-4 m—5-9 == 10-19
= 20-49 == 50-99 = 100+

1-4 5-9 10-19
== 20-49 == 50-99 = 100+

W
<

Avg. slope=-l 2 Avg. slope=-l .6

Qﬁz

SD growth rate (annual %)
B
< :
SD growth rate (annual %)
S
)

s Q9 & 6 X
oy’ 5 /\' '\ N ’\
Age Age

Notes: Annual growth rates are measured as 100(y;; — yi;—1)/(0.5yi; + 0.5y;,—1 ). Output is measured by firms’ value added. The dispersion measure is the standard deviation of
residuals after controlling for sector and year fixed-effects.
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Equity injections are more frequent and larger for younger firms

1. Frequency of equity financing

2 1414 °
i 14 f °
g
g 1249
8 * °
> 10 L 4
b= * :
g 84 $ 3
- Hl-slope=-0.65 $
E 61 MI- slope:-o.94
v S U F L
Q ’5 6 ’\ SRR
Age

¢ High-Income

Size equity (% of k)

2. Size of equity financing

254
®
204 ®
* °
¢ [ )
151 ¢ \ $
3Il—sllope::-(f;i7 L 'S z 'y
101 slope=-1. 'Y

e Middle-Income

Notes: Equity injections refers to the resources put by shareholders into the firm, after the first year of operation (negative dividends), and can be financed by the founder of the
firm or by new shareholders. The frequency is reported at an annual basis. The size of equity injections, conditional on adjustment, is measured with respect to next period capital
|xit| / kir41, where x;; < 0. The regression in panel (b) uses next period capital k; 1 as weights.

< Return



Finance Over the Life Cycle of Firms: Firm Fixed Effects

Vit = D gen YaDit + i+ 0+ €5t

Leverage Interest rate spread Equity financing
45guunn, 2 20 325
< * £ = °
39 e Bus| * o 221 °
£ 35 L g * e g .
° $y D > JY =15 "
& 30 2 e £ °
g s 10 3. ....' .
> 257 2 T LTS () 210 hl TS »
3 ®.e | g E ALY -‘--'"""V'-v 8-_ . -.-.$___.-__.. i
20 ®--0..0..0..0 £ 9 e & s .
b X 0,5 8 O X 8 X - b X 0,5 8 O X 8 X b > 0,3 8 O & L WX
g S A O BN g % A O BN g S A O A BN
Qe ATy & \q),\\g}, N N A & \q),\\g}, N N A & \,,),\\f,}, N
Age Age Age

== High-Income: Baseline ¢ High-Income: Firm-FE Middle-Income: Baseline e Middle-Income: Firm-FE

Notes: For presentation purposes the numbers are scaled using the unconditional mean of the omitted group. The vertical lines correspond to 95% confidence intervals considering
robust standard errors. Leverage is net financial debt over capital. The spread is the average interest rate relative to the country risk-free rate. Equity financing measures the share of
firms that receive an equity injection. Leverage is weighted by capital, and spreads are credit-weighted.
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Finance Over the Life Cycle of Firms: Balanced Panel

Leverage Interest rate spread Equity financing
454 cuee, 2 30 3 254
= * e, a )
< 404 RIS = 25 g .
2 35 * ey $ g2
= . ~o...‘.~. § 20 o o ! s
1?;0 215 * ] %‘ 3 L3
g 25 g ) z e
g % 10‘ 'Y S 10 .......____.__. Py
320 ¢ 0 e B bt L T
15"6%‘6“‘,&6‘55“‘,&6%6%&‘0‘ms‘&G%dw&B‘
SV oaX (O AF X APPSO EEN N ZENGIEN ,\>< IR SN RN ZEN RN
N R e q,\\\,\ Q,\\S,\ N TG AT R T e AT RACARAIR
Age Age Age
== High-Income: Baseline # High-Income: Balanced -- Middle-Income: Baseline ® Middle-Income: Balanced

Notes: Predicted values from baseline regression considering alternative samples. For presentation purposes the numbers are scaled using the unconditional mean of the omitted
group. The vertical lines correspond to 95% confidence intervals considering robust standard errors. Leverage is net financial debt over capital. The spread is the average interest rate
relative to the country risk-free rate. Equity financing measures the share of firms that receive an equity injection. Leverage is weighted by capital, and spreads are credit-weighted.
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Output Growth Over the Life Cycle of Firms: Balanced Panel

Output growth Output growth, SD

%3
A
g

o

NOW WA
[V
»
2
’
o
’
’
°

Growth rate (annual %)
s
"
e
SD growth rate (annual %)

== High-Income: Bascline # High-Income: Balanced Middle-Income: Baseline ® Middle-Income: Balanced

Notes: Predicted values from baseline regression considering alternative samples. For presentation purposes the numbers are scaled using the unconditional mean of the omitted
group. The vertical lines correspond to 95% confidence intervals considering robust standard errors. Leverage is net financial debt over capital. The spread is the average interest rate
relative to the country risk-free rate. Equity financing measures the share of firms that receive an equity injection. Leverage is weighted by capital, and spreads are credit-weighted.
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Output growth dispersion is larger for younger firms
Dispersion in middle-income countries is higher and slope is steeper

501e
45+ *

40+e *
351
30+

HI-slope=-1.7

SD growth rate (annual %)

251 MlI-slope=-2.4
TF SO F S
Q ﬂ) C) /\ q/ \\/ \p,)/ \6’ \
Age

Notes: Notes: Annual growth rates are measured as 100(y;; — yi;—1)/(0.5y; + 0.5y;,—1 ). Output is measured by firms’ value added. Results controls for sector and year fixed-
effects. The regression considers firms’ current output as weights.N =25,042,906
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Kalman Filter

® State space representation (s hidden state, z signal)

Sit+1 = PsSit T Uir+1
Zit = Sit T E€it

SiONN(Sfoaz()), €INN(Oant)7 MINN(Oaai)v Ust:(lertsCs)Us

¢ Kalman filter recursions for §i41 = E[sj41]2}] and X, 1 = V (s;41|2}) are

&it = Zit — Sit
)
K —
t ps Zt—i—agt

Sit+1 = psSi + Ki8ir
_ 2 2 2 2
ztJrl = (ps _Kt) Z,—I—K, Og 0y
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Long-Term Debt

¢ if by >0

® Every period, a fraction ¢(b;,) = {1 § b <0
it <

of debt mature (average maturity equals 1/¢)

® Each bond pays a coupon rate r, the debt and interest payments at ¢ equal

Gi)bu(1+r)  + (1=d(bir))bur = ((bir) + )b
—— ——

Matures: principal+coupon  Does not mature: coupon

® [f the firm acquires new debt between age ¢ and ¢+ 1 it receives

G101 (it 1,Dirg1,8i41) [Birs 1 — (1 — d(bir) ) bia]
Price of debt New debt
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Price of Debt

® The price of debt g, , | faced by a firm of age 7, when choosing k;;y and b;; 1, is defined by

@r1 (Kier 1, bie1,8ie1 )birs1 = RTVE, [ dipr min{bieps (1+7), p(1—8)kirs1} ]

Recovery under default
+RE [(1—dirs1) bir1 (0+7+ (1= 0,0 (K2, bir2, 5ir+2)) |

Repayment no default

where dj; 1 = 1 if the firm defaults, R = (1 +r), and p is the recovery rate
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Unconstrained Allocation

® The unconstrained capital of a firm of age #, denoted by k', | (3/1.1), solves the FOC
K] : =1+ BB [MRPK (K, 1, 2041) + (1-8)] =0
with MRPK = 07 /0k
® ]t can be showed that

a G Elf(z =
k;+1(§t+l) = <m)

1
where ay = 22, ap = U= 4 = 12 £(z) = exp(z) 2, and

[e3

_*2 1
G=(1—a) (%) o2 (Pyé) 1=a2

captures the effect of aggregate variables
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Law of Motion for the Mass of Active Firms
® Law of motion for the mass of operating firms 2 over (k;, by, $;11,&:,1) is given by
O =Cl+€&
where C is a function mapping current to next period states for continuing firms
® The mass of entrants is equal to
E=M H (kg,50) dG(ko,So)-

L{Ve(ko,80) >ne(ko,50) }

where H is a function mapping entrants states (kg, So) to (ko,bo,51,80,0) and M =1
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Market Structure, Technology, and Earnings

o

o=l Jo-T
Aggregate output Y= [ / exp(zi) y; © di}

implies demand curve y; = [%] ™7 exp(z;)7Y

Technology y; = k;%1;(! =)

Tl=

Earnings m(ki,zi) = max Aexp(z;) (kiali(l_o‘)) —wl;

i

threA:PY%,u: -, o€ (1,00),a€(0,1)

o—1°
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Entrants

® Every period there is a constant mass of prospective entrants M > 0
® Prospective entrants are heterogeneous on their signal §;y and initial capital k;y

> (kio,8i0) ~ G(ous, o) > Peteils

» For each (kj,5i0), bio chosen to match leverage of entrants in data

» Initial equity injection n.(kio,Si0) = kio — ge (kio, bio, Si0)bio
® New firms of type (kio,3i0) will enter the market if and only if

Ve(kio,8i0) — ne(kio,$i0) = 0

where Ve(kio,$i0) = BEVo(nio, bio, $i1)], nio = n(kio,zio,crio), zio = Sio + &io
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Entrants’ Initial States

e Entrants are heterogeneous on their signal ;0 ~ G() and initial scale x;o ~ Beta(a, 1)
» Initial capital kio = Kio ko (Si0), where ko € (0,1)
> As (kio, 5i0) = (kio k§ (5i0), Si0), on average, firms with higher ;o have higher k;o
» Entrants debt b;y chosen to match leverage of entrants in data

» Initial equity injection ne(Kio,$i0) = kio — ge(kio, bio, Si0)bio
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Timing

Shocks Investment/finance
t Production Continue/exit/default t+1
: = :
ki Zit Sirs O 3 Vi X ki
by  Cri bit+1
r Vr

nip = 7 (kir, Zir) + (1 = 0)kis — exp(zir ) CFir d
Vd

. The firm observes z;;, produces, and draw an operating cost cgi; ~ log N (jtcr, U?F)

. Updates S+ 1, and observe its cash on hand n;;, before debt expenses

. Draws exit shock 6;; ~ Ber(#), and decides to continue (c), exit and repay (r), or exit and default (d)

. If the firm continues, it chooses next period capital k;;1 and how to finance it
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Incumbents’ Problem

® The value of a firm with age > 0, cash on hand n;;, debt b;;, and belief §;; is

Vi(nir bir, Siry 1) = Eo, 9izHrlit%iX{Vr(nit,bit), Vi o+ (1-6;) Iglrazi{Vf(ninbimS"itH)? V' (nie, bir), V'}

e If the firm exits and repays V" (nir, by) = ny; — (1 +r)byy, if defaults V¢ = 0
® If the firm continues, it solves

Vi (nie, big, Sir1) = max  xip — A(xir) + BE; Vir1 (Rirg1,Dieg1,8i42)]
kit 1:Dir 41

st ki1 = ni — (@ +1)bi — Xit + 4, (Kitg1, birs1, Sitg1) [Dirp1 — (1 — &) b
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Equilibrium

A stationary competitive equilibrium consists of: (i) aggregate wage w; (ii) value functions {V,} and {V¢};
(iii) policies {kry1}, {Ps+1}, and {x;}; (iv) debt schedules {g,}; (v) a measure of incumbent firms 2 over
(kt, bty S141,81,1); and (vi) a measure of entrants £, such that

1.

2.

V; solves the Bellman equation of age ¢ incumbents, with associated extensive margin decision rules
For age ¢ continuing firms, Vy solves the Bellman equation with policies for k; 1, b;41, and x;

The debt schedule {g,} solves the financial intermediaries’ zero expected profit condition
Labor market clears / I; dQ(i) = Lw"

The mass of operating firms {2 solves the law of motion
Q' =ClQ|+&

where C is a function mapping current to next period states for continuing firms, and

5 :M H(k(),s'()) dG(k(),S'Q) < Return
L{Ve (ko,30) Zne (ko,30) }



Assigned Parameters

Description

0.03
0.06

1/3
0.1

0.025
4.5

Gross risk-free rate
Discount factor

Labor supply elasticity
CES

Capital elasticity
Capital depreciation rate

Exogenous exit rate

Debt expected duration
(Hernandez Koeter, 2008)
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Calibrated Parameters

High Middle  Description

Qp 0.448 0.205 Entrants’ capital, shape

o 2.86 2.30 Entrants’ §( signal, shape
Y0/Zs0 1.29 1.21 Entrants’ uncertainty

Ps 0.980 0.968 Persistent shock, AR

ou 0.042 0.048 Persistent shock, SD

Oe 0.069 0.095 Transitory shock, SD

Pe 0.803 0.827 Transitory shock, SD persistence

Ce 0.517 0.610 Transitory shock, SD initial

e -0.14 -0.81 Operation cost, mean

Ocp 1.98 2.58 Operation cost, SD

p 0.34 0.29 Lenders’ recovery rate

Ao 10.196 7.202 Equity cost, fixed

Al 0.382 0.390 Equity cost, linear

A2 0.011 0.070  Equity cost, quadratic
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Entrants and Real Variables

Model Fit

Financial Variables

High-Income

Middle-Income

High-Income

Middle-Income

Data Model Data Model

Entrants (age 0-2)
Output growth 0.15 0.17 0.19 0.22
Exit rate 0.16 0.21 0.24 0.24
Real Variables
Exit rate 0.08 0.08 0.12 0.14
log Output, SD 1.71 2.13 2.09 2.17
Output growth

Mean 0.06 0.07 0.08 0.10

SD 0.29 0.32 0.37 0.40

SD age-slope -0.017  -0.023 -0.024  -0.022
Profits/k 0.08 0.11 0.12 0.12
Profits/k, SD 0.18 0.08 0.20 0.16

Data Model Data Model

Leverage

Age-slope -0.017  -0.020 -0.009  -0.009

Mean age 9-10 0.37 0.29 0.20 0.18

SD 0.35 0.14 0.28 0.13
Interest Rate Spread

Age-slope -0.003  -0.003 -0.004  -0.005

Mean age 9-10  0.066 0.074 0.121 0.096

SD 0.119 0.103 0.178 0.117
Equity Financing

Fr., age-slope -0.007  -0.006 -0.009 -0.014

Fr., age 9-10 0.09 0.09 0.10 0.06

Size, mean 0.14 0.15 0.16 0.13

Size, SD 0.23 0.17 0.27 0.18
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Life Cycle of Firms in Data and Model: High-Income

1. Leverage 2. Interest rate spread 3. Equity financing

> ® S B &

Interest rate spread (p.p.)

4. Exit rate

= o
o S &

=)

o

]
]
=

Growth rate (annual %)
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Life Cycle of Firms in Data and Model:

1. Leverage 2. Interest rate spread

)
[ A
s & =

Leverage (% of k)
Interest rate spread (p.p.

4. Exit rate

30 —
—~ IS
=25 =
= =
£ E
= =
Z15 P
£10 £
= =
g
0 3

Q,‘W» SNPGRS ax

Middle-Income

3. Equity financing
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Output Distribution by Firms’ Age in Data and Model

High-Income Middle-Income

o
oo

o

o

Share of output
s o
IS >
Share of output
s o
-~ >

<

o
o
o

0-4 5-10 11-16 17+ 0-4 5-10 11-16 17+
Age Age

Notes: Data numbers corresponds to the cross-sectional distribution of value added in the year 2018.
Model moments were computed using simulated data from the stationary distribution 2.
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Forecast Errors

Forecast Errors, SD
* Conditional on z! and kj.y, age r+1 log

earnings’ forecast error equals 0.3
== High-income model
_ 2 0.3 we m Middle-income model
FEjiy 1) = 1087 (Zir+1, Kir-+1) — B [log m(zirt-1, Kir41))] 5 TN Japan data
5 N~
1 2025 Tl
= T(git+l_El[git+1D Z N T ———
p—(1-a) £ o02f ~
& e
where A -
on 0.15
Elg; =0 0.1
[girt1] 01 2345678910

— I _ 2 Age
V(girt1) = V(zit1lzi) = g1 + 02141
Notes: Japan-data numbers are from Chen Senga Sun Zhang 2020, who document log
sales’ forecast errors using panel and survey data from Japanese firms.
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Capital Investments and Equity Financing

Dependent Variable: Investment Rate (k;;| — (1 —0)kir) /kir

High-Income Middle-Income
Data Model Data Model
(D) 2 3) 4 )] (6) (7 (8)

Constant 0.113 0.104 0.102 0.101 0.136 0.125 0.123 0.121

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
1{x; <0} 0.147 0.139 0.150 0.166

(0.001) (0.005) (0.003) (0.004)

ap, O No Yes No Yes
N 19,904,118 500,000 3,778,009 500,000

Notes: Robust standard errors are presented in parentheses. o, and «; denote industry (NACE 4-digit) and time fixed effects, respectively. Model regressions were computed using
simulated data from the stationary distribution £2.
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How Constrained Are Young Firms?
Entrants start at 0.31 and 0.17 k/k* in high- and middle-income countries
The typical firm in high- and middle-income exit at 0.42 and 0.3 k/k* (E[dur| 12.5 and 7.1)

Capital Wedge and Ratio, Relative to Unconstrained Allocation

Wedge in Capital FOC Capital Ratio, k/k*
0.75
8 s High-income model .
= wem = Middle-income model =
E 5 05
g 2 g
o — '—
g 3 -
A St — L0250 _ "
=z —_— 5 ~
E s
0 0
v > L% & D WO Lx Y DL, LD D O WD D L
Q‘bb’\%\\,\\n&,\{o\{\ Q“ab(\q\\,\;\ \\%,\{\
Age Age

< Return
Notes: Panel (a) reports the average wedge in the first order condition (FOC) of capital, relative to the unconstrained level, E,. 5., , [MRPK(k[HH s z,-1+1)} - (ﬁfl —14+9).



Aggregate Implications of Financial Frictions
Financial frictions reduce aggregate output in 15% and 24%, TFP is 8% and 13% lower
Lower mass of firms €2 explained by exit margin: lower share of continuing firms m(C[€2])

High-Income Middle-Income

Perfect Credit  Baseline Perfect Credit  Baseline

(a) Relative to Perfect Credit

Y/L 1.00 0.85 1.00 0.76
TFP 1.00 0.92 1.00 0.87
K/Y 1.00 0.91 1.00 0.88
m(Q) 1.00 0.48 1.00 0.41
m(C[S]) 1.00 0.46 1.00 0.37
m(€) 1.00 0.97 1.00 1.09
(b) Levels
Exit Rate 0.04 0.08 0.06 0.14 > LofM

E[lifespan] 253 12.5 17.9 7.1 < Return




Decomposing Losses in Output Per Worker Y /L
TFP explains 3/4 of losses in Y/L, lower K/Y accounts for 1/4

A*log(Y/L) = ﬁA* log(TFP) + %A* log(K/Y).

Losses in Output Per Worker, Decomposition

High-Income Middle-Income

A*log(Y/L) 0.17 0.27
= A*log(TFP) 0.12 0.21
2 A*log(K/Y) 0.05 0.06

Notes: A™ denotes the difference between the perfect credit allocation ({ A;} = 0) and the baseline.
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Unpacking TFP Losses
Extensive margin account for 6.1 and 10.4% of the TFP losses
Capital misallocation (intensive margin) explains 1.5 and 2.4% of the TFP losses

1 _G&
I (f(z,-) =& (ki /) T8 )dﬂ(f)

TFP =

[/ (r & (k) T8 Jaa] "

p—(1-a)

TFP Losses, Extensive ()) and Intensive Margins (k/py)

High-Income

Middle-Income

(k/py) 7.6%
(/py)y 6.1%
Q*  (k/py) 1.5%
(k/py)* 0.0%

12.8%
10.4%
2.4%
0.0%
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Aggregation, Output Per Worker, and TFP

e Aggregate output ¥ = TFP K® L= output per worker Y /L = TFPT% (K/Y) a
n—(1-a)

J (@(Zi)ﬁ(ki/l)i.\'i)%> dQ(i)
[/ (™3 (/i) =7 ) )|

TFP =

, K:/kidQ(i), L:/lidQ(i)

o R
where ¢(z;) = exp(z;) #~(1-2) and & = =g}

® Financial frictions can reduce output per worker through three channels:
1. Capital deepening: lower aggregate capital-output ratio X /¥
2. TFP Capital misallocation: dispersion in active firms’ capital-output ratios &;/p;y;

3. TFP Extensive margin: distortions in firms’ entry/exit decisions d€2(i)
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