Direction des Etudes et Synthéses Economiques

G2018/05

Financial constraints of innovative firms
and sectoral growth

Charles-Marie CHEVALIER

Document de travail

Insee

Mesurer pour comprendre

Institut National de la Statistique et des Etudes Economiques






INSTITUT NATIONAL DE LA STATISTIQUE ET DES ETUDES ECONOMIQUES

Série des documents de travail
de la Direction des Etudes et Syntheses Economigues

62018/05

Financial constraints of innovative firms
and sectoral growth

Charles-Marie CHEVALIER*

OcTOBRE 2018

For their useful comments related to the current and previous versions of this work,
and insightful discussions, I would like to thank Pierre CAHuc, Johan HOMBERT, Jacques
MAIRESSE, Julien PRAT, Romain RANCIERE, Sébastien Roux, Olivier SIMON as well as
various participants at the Insee Department of Economic Studies and Crest seminars,
the 2017 AFSE conference and the 2017 OECD / European Commission CONCORDi
conference.

* Insee - Dese - Département des Etudes Economiques - Division « études macroéconomiques »

Département des Etudes Economiques - Timbre G201 - 88, avenue Verdier - CS 70058 - 92541 MONTROUGE CEDEX - France -
Tél. : 33 (1) 87 69 59 54 - E-mail : d3e-dg@insee.fr - Site Web Insee : http://www.insee.fr

Ces documents de travail ne reflétent pas la position de I'lnsee et n'engagent que leurs auteurs.
Working papers do not reflect the position of INSEE but only their author's views.



Contraintes financiéres des entreprises innovantes
et croissance sectorielle

Résumé

Les politiques d’'innovation peuvent consister en des mesures visant a soulager directement
les contraintes financiéres des entreprises innovantes, au-dela des incitations fiscales plus
usuelles pour stimuler la dépense privée de R&D. Pour explorer les interactions entre
innovation et contraintes financieres au niveau sectoriel, et évaluer des variantes politiques
stylisées, cette étude rassemble deux cadres analytiques issus des littératures en matiére de
croissance endogéne et de finance d'entreprise. Au sein de ce modéle dynamique, les entre-
prises innovent et se concurrencent en termes de produits selon un principe de création
destructrice, et accumulent des fonds internes en rapport avec des obstacles financiers
survenant lorsqu’elles sont créées, se développent ou disparaissent. En présence notam-
ment d’asymétries d’information entre investisseurs et dirigeants d'une entreprise concer-
nant des bénéfices incertains, ce modele vérifie d’abord le fait que les entreprises tendent a
dépenser plus en R&D quand leurs fonds internes sont plus élevés. Il se préte ensuite a des
variantes pour analyser la croissance et la détention globale de liquidités dans différents
contextes sectoriels. Dans ce cadre spécifique, faciliter la levée initiale de fonds internes,
comme les incitations fiscales, peut avoir des effets notables. En outre, alors qu’'un secteur
high-tech stylisé est associé a une croissance et une détention globale de liquidités plus
élevées, ces deux grandeurs dépendent largement de diverses caractéristiques sectorielles,
comme l'efficactié de la recherche, les colts d’entrée, le montant moyen des bénéfices, ou
encore l'incertitude sur ces derniers.

Mots-clés : croissance endogéne, gestion de liquidités, innovation de produit, distribution
d’entreprises, contrats dynamiques

Financial constraints of innovative firms
and sectoral growth

Abstract

Innovation policies can consist in measures aimed at directly alleviating financial constraints
of innovative firms, beyond more traditional fiscal incentives to foster private R&D spendings.
To explore the interaction between innovation and financial constraints at the sector level,
and evaluate stylized policy scenarios, this paper brings together two analytical frameworks
from the endogenous growth and corporate finance literatures. Within this dynamic model,
firms innovate and compete for products through destructive creation and accumulate
internal funds in relation to financial hindrances occurring when they enter, develop or exit.
Including notably asymmetric information between investors and managers of firms with
respect to uncertain cash flows, this model is first consistent with the fact that firms tend to
spend more on R&D when their internal funds are higher. It then allows for experiments
addressing growth and overall liquidity holdings for various sectoral contexts. In this specific
framework, easing access to initial funding, as fiscal incentives, can have substantial effects.
Moreover, while a stylized high-tech sector is associated with higher growth and overall liqui-
dity holdings, both variables depend to a large extent on many sectoral characteristics, such
as R&D efficiency, entry costs, and cash flow mean and volatility.

Keywords: endogenous growth, liquidity management, product innovation, firm distribution,
dynamic contracts

Classification JEL : C61, D21, E22, G32, L11, 031



Introduction

Innovation being the major engine of growth, public policies intervene to stimulate firm
research and development efforts. These policies broadly take the form of fiscal incentives,
especially in France by international standards (OECD, 2018). In fact, difficulties in raising
financing can be a deterring impediment and call for complementary measures addressing

1 One could even wonder whether alleviating financial con-

them directly, such as grants.
straints is sometimes more efficient than direct subsidies in fostering innovation, and whether
the current policy mix is appropriate for growth.? For instance in France, public spendings
devoted to innovation policy amounted to 0.39 percent of GDP in 2015, including 70.2% to
increase private R&D capacity and 16.4% to support the development of innovative firms
(France Stratégie, 2016, and Table 1).

Bringing together toolboxes from the endogenous growth and corporate finance litera-
tures, this paper provides a comprehensive and dynamic model for stylized policy analysis
including firms which (i) innovate and compete for products through destructive creation
and (ii) accumulate internal funds in relation with financial imperfections when they enter,
exit and develop. Indeed, product innovation and equity availability are currently macroe-

conomic stakes.?

While including microfunded channels, the model tractability allows for
a large set of stylized experiments with respect to structural sectoral characteristics, with
various implications in terms of growth and overall internal funds. Following the spirit of
recent quantitative advances discussing U.S. innovation policy?, this approach is also in line

with the logic of traditional institutional models for economic policy evaluation.®

THowell (2017) shows that an early-stage public grant approximately doubles the probability that a firm
receives subsequent venture capital and has large, positive impacts on patenting and revenue. These effects
are stronger for more financially constrained firms.

2Brown7 Martinsson and Petersen (2017) provide recent comparative cross-country evidence on the effec-
tiveness of alternative policies and institutions at spurring innovation using OECD’s STAN database. They
focus on tax incentives for R&D investment, the strength of intellectual property protections, and financial
market rules that affect the availability of external financing and nature of financial intermediary development.

31n France, between 2010 and 2012, 24% of firms reported product innovation activity, and up to 55%
among those with more than 250 employees (Insee, 2014). Moreover, according to Villeroy de Galhau (2015),
there is a general lack of equity, especially for innovative small and medium firms, while investments "have to
become more ’schumpeterian’, and relatedly provided funds less guaranteed'.

4For example, Acemoglu, Akcigit, Alp, Bloom and Kerr (2017) develop a model of endogenous reallocation
and innovation with heterogeneous firms to investigate the implications of different types of industrial policies.
Product creation and competition is at the core of several analyses of innovation policy though their impact
on productivity gains attributable to incumbents or entrants (see Aghion, Akcigit and Howitt, 2014).

5 At the French national institute of statistics and economic studies (Insee), the macroeconometric model
Mésange and the DSGE model Méleze are used for alternative policy experiments with respect to fiscal and
monetary policies (Insee and French Treasury, 2017; Campagne and Poissonnier, 2016).



Table 1 — Budget of the French State and operating agencies devoted to innovation, by
main objective categories, 2014-2015

objective category € millions % GDP%
1) increasing private R&D capacity 6,002 70.2 0.27
2) amplifying economic benefits of public research 226 2.6 0.01
3) developing collaborative projects 613 7.2 0.03
4) promoting innovative entrepreneurship 305 3.6 0.01
5) supporting the development of innovative firms 1,406  16.4 0.06
total 8,552 100.0 0.39

Source: Commission nationale d’évaluation des politiques d’innovation, Table 9 of France Stratégie (2016),
author’s calculations. Note: These main policy objectives addressing different types of market failures include
respectively: (1) taking advantage of knowledge positive externalities; (2) improving the management of
intellectual property rights; (3) avoiding the unnecessary duplication of some R&D efforts; (4) mitigating entry
and exit barriers, and favoring appropriate competition intensity; (5) reducing the rationing of innovation
financing (high asymmetry between lenders and borrowers due to collateral absence and future cash flow
uncertainty), and encouraging venture capital and private equity.

More precisely, the model for firms consists of two main blocks. First, firms are made
up by a set of product lines (as in Klette and Kortum, 2004). Successful R&D efforts bring
about a new product which overtakes and destroys an existing one thanks to a marginal
productivity improvement. Relatedly, each firm loses one product line with a probability
equal to the creative destruction rate in the economy. Then, production on each product
line is carried out with a linear technology with respect to labor. Cash flows bear firm level
idiosyncratic risks, which can be interpreted as operational unexpected outcomes. Second,
firms are subject to several precise financial imperfections (as in DeMarzo, Fishman, He and
Wang, 2012). At entry, firms start with initial internal funds below their needs. During
their development, decision making, shared between an operational manager and an outside
investor, is affected by asymmetric information about cash flow realization.® When firms
exit, liquidation costs drive down the remaining firm value for the investor. Given these
constraints, internal funds are accumulated to cope with adverse cash flow shocks and avoid
early liquidation.”

Under this framework, financial and investment strategies at the firm level have the

5To theoretically explain why external finance for R&D might be more expensive that internal finance,
moral hazard is a standard argument (Hall and Lerner, 2010). Moral hazard in R&D investing can arise as
modern industrial firms normally have separation of ownership and management. This leads to a principal-
agent problem when the goals of the two conflict, which can result in investment strategies that do not
maximize the share value.

In this paper, the terms ’internal funds’ and ’cash holdings’ will be used interchangeably. In the empirical
literature, cash holdings can be thought as a better proxy of financial constraints than cash flows. As advocated
by Brown, Martinson and Petersen (2012), they more accurately incorporate R&D smoothing behavior in
response to high adjustment costs (Hall, Moncada-Paterno-Castello, Montresor and Vezzani, 2016).



following properties. Internal funds are hoarded (resp. depleted) when cash flows are unex-
pectedly high (resp. low) or when a product line is created (resp. destroyed). Until internal
funds are high enough, the manager receives no compensation, and a proportion of cash
flows otherwise. Mostly, firms step up R&D investment when counting on more comforting
internal funds, in line with empirical evidence (Bates, Kahle and Stulz, 2009; He and Win-
toki, 2016; Pinkowitz, Stulz and Williamson, 2016). In addition, when internal funds are
sufficient, R&D investment stabilizes at the level without financial imperfections.?

Then, quantitative experiments derive firm dynamics and general equilibrium outcomes
for diverse sectoral contexts.? The aggregate outcomes of the structural shocks go beyond the
mere composition of individual direct reactions, which also participate in altering innovation
and competition conditions and shaping the distribution of firms in terms of age, size and
relative proportions of entrants and incumbents. On the one hand, the financial shocks
include ruling out information asymmetry, withdrawing liquidation losses, and freezing initial
internal funding. On the other hand, costlier R&D for incumbents, harder entry for new
firms, more rewarding innovation but also higher industrial risks are considered as alternative
industrial contexts.

From these experiments, two main points can be derived (see Table 2 for details). First,
initial internal funds are a major hedging lever for firms to adjust to any changing finan-
cial or industrial environment, helping to compensate financial imperfections and maintain
growth with liquidity.!® Thus, in comparison to innovation subsidies, financial policies, and
especially access to initial funding, may be far from having negligible effects within a Schum-
peterian perspective. And second, while the simulation of a stylized high-tech sector brings
about both higher growth and higher liquidity, liquidity depends to a large extent on the

many characteristics of a sector.!!

8These results can be related to Brown, Fazzari and Petersen (2009) who find significant effects of cash
flow and external equity for young but not mature firms. For France, Aghion, Berman, Eymard, Askenazy
and Cette (2012) analyze the relationship between credit constraints and firm’s R&D behavior and find that
R&D is positively related to sales growth for financially constrained firms.

9By varying structural parameters affecting financial imperfections and the industrial environment, these
experiments can be thought as diverse and stylized policy scenarios involving management monitoring, finan-
cial regulation, equity participation, innovation subsidies, innovation grants or corporate taxes for instance.
These kinds of experiments are common with Schumpeterian growth models, but have additional implica-
tions from a financial point of view here. Moreover, if the model were not microfunded, disentangling different
financial channels would be infeasible.

10T the rest of the paper, the term ’liquidity’ will correspond to aggregate internal funds at the sector
level, referring to the notion of ’inside liquidity’ by Holstrém and Tirole (2011).

M An argument for the accumulation of cash by multinational goes beyond industrial aspects and reflect
tax issues, which can retain cash earned abroad because earning repatriation would imply substantial tax
payments. Yet, the relation between R&D and cash hoarding is not concentrated in these specific multina-



Table 2 — Summary of experimental outcomes for growth and liquidity

experiments w.r.t. ... growth  liquidity

... the financial imperfections
lower agency problem
lower liquidation losses
lower and fixed initial internal funds ——

... the innovation environment
higher R&D costs for incumbents — —
higher entry costs for new firms —— ++
higher cash flow mean ++ ——
higher cash flow volatility o~ ++

R+

R IR <

Note: This Table qualitatively summarizes results in Section 3 for variables g and C' in Tables 5 and 6. These
results are relative to a baseline case with existing financial imperfections and liquidity. For experiments
w.r.t. financial imperfections, the parameters for the agency problem intensity and liquidation losses are set
at almost zero to depict an unconstrained economy, and in the third scenario, initial internal funds are divided
by two and cannot adjust. For experiments w.r.t. the innovation environment, parameters are increased by
50 percent. The calibration for the baseline scenario closely follows Acemoglu et al. (2017) for innovation
parameters and DeMarzo et al. (2012) for financial ones.

This paper is first related to the Schumpeterian growth literature which abstracts from
financial constraints but includes firm dynamics allowing for distributional analysis. For in-
stance, Atkeson and Burnstein (2018) theoretically nest several of the corresponding canoni-
cal models, and Garcia-Macia, Hsieh and Klenow (2016) empirically investigate the contribu-
tions to aggregate productivity of product innovation by entrants and incumbents. In recent
developments, the impact on growth and welfare of specific innovation policies are discussed
and are confronted to firm-level data: in particular, the design of uniform R&D tax credit is
criticized as it could oversubsidize inefficient incumbents or applied research (Acemoglu et al.,
2017; Akcigit, Hanley and Serrano-Velarde, 2016).12 The corresponding literature achieves
the replication of many stylized facts in terms of dynamics and distributions of firms and

reallocation of resources, prolonging the seminal work by Klette and Kortum (2004).'® Yet,

tionals. (Bates et al., 2009) show that “there is no evidence that cash holdings increase more for firms with
foreign pretax income [and in] particular, while the average cash ratio of firms without foreign taxable income
increases from 14.3% in 1990 to 25.3% in 2006, the cash ratio of firms with foreign taxable income is 10.8% in
1990 and increases to 20.2% in 2006”. And cash hoarding at the global level is also not driven only by large
firms as “the average cash ratio has a significantly positive time trend for all size quintiles.”

21 particular, Akcigit et al. (2016) estimate their structural parameters for the period 2000-2006 using
French firm-level data from the R&D Survey conducted by the French Ministry of Research, and the datasets
"Enquéte Liaisons Financieres" (LIFI) and "Enquéte Annuelle des Entreprises' (EAE),

13 As reported by Aghion et al. (2014), this model is able to produce the following stylized facts: (i) the
firm size distribution is highly skewed; (ii) firm size and firm age are highly correlated; (iii) small firms exit
more frequently, but the ones that survive tend to grow faster than average growth rate; (iv) a large fraction
of R&D in the US is done by incumbents; (v) reallocation of inputs between entrants and incumbents is an
important source of productivity growth.



Schumpeterian approaches generally abstract from corporate financial constraints, which are
especially relevant for young innovative firms.

This paper is also related to the literature on optimal security design, which studies how
the resolution of durable governance problems affects corporate financial decisions. Owner-
ship and management being often separated, these agency problems take the form of repeated
moral hazard or asymmetric information, whose treatment in discrete-time earlier (for in-
stance Clementi and Hopenhayn, 2006) has been dramatically simplified by continuous-time
methods (Sannikov, 2013). Affecting corporate financing, these problems particularly prevail
for R&D investments, which bear high uncertainty and may necessitate higher management
involvement compared to alternative investments with better short-term outcomes (Kerr and
Nanda, 2015).!% Relatedly, while a large literature analyses corporate financial structures
and capital investment through firm models with exogenous funding costs (Strebulaev and
Whited, 2012; Falato, Kadyrzhanova and Sim, 2013; Bolton, Chen and Wang; 2011), the
microfunded agency framework here enables endogenous financial constraints varying with
firm innovative characteristics. This framework follows DeMarzo et al. (2012) and adapts
their optimal security design model of dynamic capital investment to lumpy product line
accumulation.

Finally, the closest papers to this mixed approach are Malamud and Zucchi (2017) and
Aghion, Bergeaud, Cette, Lecat and Maghin (2018), which include ad hoc financial con-
straints into an endogenous growth setup. Malamud and Zucchi (2017) differs in that inno-
vation relies on single product firms (as in Acemoglu and Cao, 2010) and financial constraints
arise from exogenous funding costs (as in Bolton et al., 2011).'> Here, based on Klette and
Kortum (2004) and DeMarzo et al. (2012), destructive creation is at the product line level
and financial constraints are microfunded. Aghion et al. (2018) also rely on Klette and Ko-
rtum (2004), assume that firms cannot invest in R&D more than a fixed fraction of firm
value, and stress that lower financial constraints can favor innovation by entrants but also

by incumbents, which can hamper entry.'® Here, these opposite mechanisms are present and

M For example, Aghion, Van Reenen and Zingales (2013) find that greater institutional ownership improves
innovation, which would be consistent managerial career concerns: by increasing monitoring, institutional
ownership might protect them from being fired for bad outcomes unrelated to their decisions.

15Deriving original firm behaviors, they conclude that "stronger financing constraints may spur economic
growth because they both reduce entry (creative destruction) and stimulate R&D by young and constrained
firms" and that "applying this reasoning to the current lack of growth in Europe might indicate that firms
hoard too much cash', and "policies reducing cash holdings may stimulate growth."

16This model is used to derive predictions before estimating the effect of credit rating measures on firm-level
total factor productivity with the French Bank of France FiBEn database.



shape firm distributions and alternative scenarios outcomes, but internal fund accumulation
also helps to alleviate the effect of financial imperfections on innovation effort.

The rest of the paper is organized as follows. Section 1 describes the model of the firm.
Section 2 derives partial and general equilibrium properties. Finally, Section 3 presents the

experiments.

1 Model of the firm

In this section, the model is described in details. The first part is devoted to the produc-
tion and innovation technology of firms (Figure 1). In a nutshell, firms are made up by a
set of product lines. When R&D is successful, a new product is created, randomly destroys
an existing one belonging to another firm and improves its productivity, while the total
number of products remains fixed. In the second part of the model (Figure 2), cash flows
are affected by shocks which are observed by the firm manager, but not the firm investor.
Hence, the investor designs a contract for the manager in order to make him reveal the true
results rather than concealing part of them for personal benefits. This will be achieved by

conditional remunerations and the dynamic management of internal funds.

1.1 Production and innovation technology

This subsection precises how firms produce and innovate.!” The model being in continu-
ous time, the current period is denoted by t and dt is a small time increment. A final good

is produced using combined intermediary goods following:
1
InY, = / InYjdj, (1)
0

where Yj; is the quantity produced by intermediate 4.8 There is a fixed measure I, of
individuals who can work in three different activities: as production worker (ly), as R&D
scientists in incumbent firms (h;), or as R&D scientists for entrants (he).

Intermediates are produced monopolistically by the last innovator within that product

line j, according to the following linear technology, and omitting subscript ¢:

Y; = Ajlo;, (2)

171t generally follows the model by Klette and Kortum (2004) as reported by Aghion et al. (2014), and
Acemoglu et al. (2017) for the R&D cost function.

18 A more general CES form 2(<=D/€ rather than Inz in Equation (1) would change the product demand
below to Y; = Y'/p§ and the mark-up to Q; /Y = [Aj/('yv)]ef1 (y—1)/~. Depending on current productivity,
such mark-ups would necessitate more complex quantitative methods as in Acemoglu et al. (2017). Here,
constant mark-ups allow to include a substantial financial block and to preserve readability and tractability.



Figure 1 — Structure of the firm: product lines and productivities

quality level
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l product line
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Source: Aghion et al. (2014).

where A; is the product line-specific labor productivity and lo; is the labor employed for
production. This implies that the marginal cost of production in j is simply V' /A;, where
V' is the wage rate in the economy at time ¢. Each time an innovation is made, productivity
increases by a factor v > 1 so that Aj; = vA;_ap)-

The final good consumer spends the same amount on each variety j. As a result, the final
good production function generates a unit-elastic demand with respect to each variety, with
price p;: Y; =Y /p;. As firms in a single-product line compete d@ la Bertrand, this implies
that a new innovator with marginal cost V' /A; can set his price up to the marginal cost of
the previous innovator and still become the new monopolist, so that: p; =V /(A;/7). The

resulting "winner-takes-all" equilibrium quantity and profit in product line j are:

Y; =Y /p; :Y;Ll‘]/‘ and Q; = (pj —v/A;)Y; = pY, where p = fy;l, (3)
where ) corresponds to profits after optimization of production labor. From now on, values
corresponding to product lines will be considered as ratios over GDP, and notably wages:
v =V /Y, and subscript j will be omitted. Optimal production labor so is: Iy = (yv) 1.

Each firm is made up by n; product lines where n; is a Poisson process subject to
innovation and creative destruction. The firm can invest in R&D in order to obtain another

product line with a number of R&D scientists H (x¢, ns; 0, ), where x; is the per product

innovation success probability, 8 an innovation capacity parameter and 1 — « an innovation



success elasticity with respect to R&D scientists.!'® The function H is smooth, convex, and
homogeneous of degree one in the number of products n. In practice, the function will have
the following form:

H(xy,ne;0) = ntG_O‘/(l_o‘)x}/(ka). (4)

When a firm is successful in its current R&D investment with probability x;, it innovates
over a random product line j° € [0,1]. Then, as previously mentioned, the productivity in
line j' increases from Aj to yA;. The firm becomes the new monopoly producer in line
7’ and increases the number of its production lines to n; + 1. At the same time, each of
its my current product lines is subject to the creative destruction 7 by entrants and other
incumbents. Between ¢ and ¢ 4 dt, a product of the firm is destroyed with a probability 7dt.

A firm that loses all of its product lines exits the economy.?"

1.2 Asymmetric information between investors and managers

In this subsection, the financial context of a firm is defined.?! Assume that after sales,
the product line is subject to a cash flow shock. Denote by du; cash flows per GDP unit after
its realization and for a small interval dt. The shocks are assumed to affect all product lines
of a firm similarly. They are normally distributed with variance o, and aggregate cumulated

profits dI1; over a period dt have the following form:
due ~ N (pdt,odt) and dITy = ng[dpe — vh(zy)dt], (5)

where h(x;) = H_Q/(l_a)xi/(l_a) is the per product line number of R&D scientists paid at
the general wage rate v.

The uncertainty about cash flows generates an agency conflict due to the separation of
firm ownership and control. The manager who is hired by the investor has private information
concerning the current cash flows, and can declare false cash flows by understating their mean
with an intensity a; € [0, 1]:

dfiy = azpdt + odS;.

22

where dS; is a standard normalized Brownian motion corresponding to (5) For each

dollar that the manager conceals, he can consume A € [0,1] and enjoys a private benefit

19This functional form is used by Acemoglu et al. (2017). The term 1 — « can be interpreted as an elasticity
of patents with respect to R&D which is empirically documented and set at 0.67 by Acemoglu et al. (2017).

20 As described below, another source of firm exit will be the depletion of its internal funds.

21The model by DeMarzo et al. (2012) is closely followed. The main difference is the substitution of capital
by product lines, of depreciation by creative destruction, and of a continuous by a lumpy accumulation process.

22This agency problem can alternatively be interpreted as a situation in which mean cash flows are affected
by an agent’s unobserved and costly effort.

10



Figure 2 — Relations between investor and manager: information and flows
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by = M(dus — djiy) for a; = 0.23 ) thus corresponds to the stringency of the agency problem.?*

Investors have unlimited wealth, are risk-neutral and their discount rate is lower than the
managers’ one: r < p.2° The contract with the manager can be terminated at any time, in
which case the firm is liquidated and investors recover a value [ - ny, where [ > 0.

To maximize the value of the firm, the investor offers a contract that specifies the firm’s
investment policy z;, the manager’s cumulative compensation U;, and a termination time
T, all of which depend on the history of the manager’s performance, which is given by the
profit process IT;. The manager’s limited liability requires the compensation process U; to
be non-decreasing. Let ® = (x4, Uy, T') represent the contract. Then, the expected value for

the manager at time ¢ is:

Qs

Wi (P) = max E { /0 " [dU + bs(as)ds]} : (6)

In the rest of the paper, the term ’internal funds’ will be used for the variable W;. Simply

put, this amount can be seen as reserves on a cash account provisioning for all future manager

23The fact that A is below 1 reflects the agent’s net consumption per dollar diverted or an effort cost.

24When there is no agency problem, the intertemporal value of a product line is given by: ¢ = maxz[u —
h(z)]/(r 4+ § — z). Parameters are restricted in order to insure the definition of this value: u < h(r +§).

25This assumption is common in this type of models. Managers can be seen as more impatient as they may
have other attractive investment opportunities.

11



compensations.?0 These internal funds will be handled by the investor to align the manager’s
incentives, i.e. favoring a; = 1 for all s. At the time the contract is initiated, the firm has a

single product line. Given initial internal funds Wy, the investor’s optimization problem is:
T T
P (Wy) = ngXIE / e "dl + e Tl ngp — / e "dU, 3 ,
0 0

under the constraints that & is incentive compatible and that Wy verifies (6) for ¢t = 0.
Entrants produce one unit of innovation by hiring v scientists. When a new entrant is

successful, it innovates over a random product line by improving its productivity by v > 1

as incumbents. It then starts out as a single-product firm. The free-entry condition equates

the total value of a new entry with the cost of innovation:
Pl(Wo) + Wy = v (7)

P (Wp) and Wy are the initial values for the investor and the manager respectively, and their
sum is the total firm initial value.?” This equation implies that the wage cost is determined
by benefits and costs in the arbitrage of entrants.

Wy is chosen to maximize the value for investors when starting the firm, thus assuming
negotiation power is fully on the side of investors. This model extension is suggested but
not directly addressed by DeMarzo et al. (2012) in their partial equilibrium context. There
are also hindrances to initial internal funds injection. It notably takes into account the
possibility that a venture capital market is undersized and that a rationing of innovation
financing exists (see innovation market failure (5) in the note of Table 1). This exogenous
constraint could be related to risks and information asymmetries not included in the model,
and in particular with respect to product line creation uncertainty.?® Only a part 1 — ¢ of

optimal initial internal funds can be provided to the firm, so that:
Wy = (1 =¢) xarg max P1(Wo). (8)

Finally, the liquidation value [ is endogenized. As many sectoral contexts will be consid-

ered, this hypothesis allows to remain neutral with respect to this financial friction parameter.

260 explicit this interpretation, an implementation of the optimal contract with internal funds is depicted
in DeMarzo et al. (2012) in Section IV. For a survey on corporate liquidity management and the role of cash,
see Almeida, Campello, Cunha and Weisbach (2014).

2"The initial internal funds are not necessarily at the threshold value (see partial equilibrium below),
which is different from Malamud and Zucchi (2017). Yet, the distance between initial internal funds and the
threshold value can participate to internal funds dynamics at the firm and industry levels.

283ee for example Hugonnier, Malamud and Morellec (2014) or He (2012) for such approaches. Including
them within this framework might provide interesting further research.

12



Notably, if | were exogenous, the distance between the liquidation value and the first best
intertemporal value of the product line might change with respect to p for instance. Here
again, this suggestion by DeMarzo et al. (2012) is adopted, and adapted to the current
context:

= (1— k) x P (W), 9)

In any industry, the remaining value of a product line is a fixed proportion of the initial
value when starting the firm with a single product.?’ For example, high values of s could

reflect firms whose remaining value is largely made up by intangible assets.?’

To sum up, the behavior of the firm will be determined by parameters intended to grasp
different dimensions of the innovation environment. The sets {0, u, ¥, 0} and {\, k,(} sum-
marize the constraints of the firm either in the way they innovate and benefit from it, or
in the way they deal with their own financial resources to run the firm over its life cycle.
A very stylized view could be to interpret these two sets of parameters as attributes of the
manager and the investor considered as the respective CEO and CFO of the firm arbitrating
together investment and financial decisions. A major intent of the model is to be balanced

with respect to these two parts constituting innovative firms.

2 Partial and general equilibria

In this section, the equilibrium is derived at the firm level, and the traditional Schumpete-
rian general equilibrium dynamics are depicted. Under this framework, optimal investment
and financial policies at the firm level have the following properties. Internal funds are accu-
mulated over time to insulate the firm from liquidation losses. Then, each time innovation is
successful, the ratio between internal funds and the number of product lines is maintained.
Each time competition implies the destruction of a product line, internal funds per product
line are also kept at the same level. With respect to the manager’s compensation, there exists
a threshold of internal funds below which it is set at zero and above which it corresponds to
the difference between the current internal funds and the threshold. Mostly, optimal R&D

expenditures rise with internal funds, consistently with empirical evidence. They also reach

29 According to the liquidation equation (9), liquidation is always inefficient, that is ¢ > I, as ¢ > P1(W¢)
in any circumstances (see footnote 24 for the definition of q).

30gee for instance Chen (2014) who exactly adjusts liquidation values with respect to relative proportions
of tangible and intangible capitals.

13



values close to the case without financial imperfections when internal funds approach the

threshold.

2.1 Optimal firm policy

The internal funds policy can be simply followed. W, is a state variable depending on
all optimal decisions. While the problem resolution is complex, it is possible to represent
in a very simple form the evolution of internal funds as a function of decision parameters

31 Let ny = n} —n;, and n; (resp. n; ) be the cumulated number

and random variables.
of created (destroyed) product lines over the firm life cycle. Then, the evolution of internal

funds is given by:
dW, = pdtW; — dUy + BinyodSy + By (dnf — xudt) + By (dng — 7dt), (10)

where B;, 8;7 and B; are three decision parameters to be set optimally by the investor.3?
Intuitively, this equation states that a change in internal funds is always a linear combination
of the current shocks affecting the firm.

The manager is given a promised information rent. The manager can hide information
about the current entry of cash flows, which are affected by dS;. To make the manager report
the true value of cash flows, he must be given an information rent proportional to the private
benefit he can take otherwise. Remind that W; corresponds to all future compensations of
the manager in the form of internal funds. As in DeMarzo et al. (2012), the incentive

compatibility constraint requires that 8, > X for all ¢, so that:

Intuitively, internal funds dynamics are set in order to align the manager’s incentives to
the investor’s interests. When the firm is profitable following positive cash flow shocks,

the promised value of expected compensations is higher. Thus, the manager is given some

31Actually, this is one of the major contributions of Yuliy Sannikov who brought these stochastic calculus
techniques into economics: "Using calculus in the context of continuous-time games allows him to overcome
tractability problems that had long hindered research in a number of areas. Previous models often abstracted
from crucial economic forces in the name of tractability, but Sannikov’s methods allow models to include
the most important forces and thus deliver results that are much more relevant and intuitive." (Athey and
Skrzypacz, 2017)

32This is obtained by adjusting profits by their mean and using the martingale representation theorem,
derived from the extended Ito representation theorem in Oksendal and Sulem (2011, p.33) for processes in-
cluding Brownian motions and jumps (such as compensated Poisson processes used here) with time depending
intensities. This equation is similar to the extension developed by DeMarzo et al. (2012) including persistent
profitability shocks in addition to cash flow ones. Martingale representation is also used for a technology
including jumps by He (2012).
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information rent to compensate for his private benefit when diverting cash flows. In addition,
internal funds accumulation in good times protects against termination risks in bad times.?3

The manager is compensated only when internal funds are sufficient. Intuitively, when
there is not enough internal funds, the firm has little room in the case of bad cash flow
shocks. In this situation, it is not optimal to waste internal funds by providing the man-
ager a compensation dU;. On the contrary, with a high level of internal funds, the firm is
protected against strong negative shocks, so that the manager can be given a substantial
compensation. In this setup, there exists a fixed internal funds threshold delimiting a simple

34 This trade-off implies that there is a level of internal funds

binary compensation policy.
W such that it is optimal to pay the agent with cash if W; > W and to defer compensation
otherwise:

dUt = maX{Wt - W, 0}

Fach time internal funds are above the threshold, the manager is given a lumpy compensation
so that internal funds get back to the threshold.

The problem of the firm can be simply restated and solved. With these different elements,
the problem of the firm can be restated in a recursive form. Indeed, the law of motion for
W, is simplified, and optimal decision parameters have only to be settled for value of W;
below the threshold W. The following proposition shows that the problem can actually be
restated in per product line terms. Rather than considering the firm entirely, one only has

to focus on every single product line.3?

Proposition. Letw = W /n and p = P, /n. The solution of the firm problem can be restated

in per product line terms:
pl) = max = wh(z) + [p— (= )Jop (@) + 5 (A0) (@) + (2~ Tplw), (12

and defines a unique function p(w) for the given conditions p(0) =1 and p'(0) = —1. The
behavior of p is shown in Figure 3 (left).

33There is no agency problem related to product line noises. Bzr and 3, are undetermined at this stage.

34The demonstration is as in DeMarzo et al. (2012): "Because investors can always compensate the agent
with cash, it will cost investors at most one euro to increase W by one euro. Therefore, P}, > —1, which
implies that the total value of the firm P, (W) + W is weakly increasing in W. Because there is a benefit in
deferring the agent’s compensation, the optimal contract will set cash compensation dU to zero when W is
small, so that W will rise as quickly as possible. However, because the agent has a higher discount rate, there
is a cost in deferring the agent’s compensation."

35This property is key in conferring tractability to the model, as this is the case in Acemoglu et al. (2017)
and DeMarzo et al. (2012). It also allows for interpreting results intuitively without any restriction on the
parameter space.
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Figure 3 — Value function p(w) and R&D intensity x(w)
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Note: Graphics are derived with standard calibration depicted in simulations below, which remains close to
those used in DeMarzo et al. (2012) and appearing in the model d¢ la Klette and Kortum (2004) used by
Acemoglu et al. (2017). The innovation efficiency parameter is set at § = 0.60.

Proof. See Appendix. O

This proposition has properties which differ from the approach with ad hoc financial con-
straints by Malamud and Zucchi (2017). First, this result brings notably a micro-foundation
for internal funds policy when the firm has only one remaining product line. Malamud and
Zucchi (2017) assume that shareholders receive a lumpy liquidation dividend equal to the
firm’s remaining internal funds. Here, the same fact is obtained from optimal policy. Second,
the increase in internal funds when innovation is successful is not equal to the threshold as
in Malamud and Zucchi (2017). Here, optimal additional internal funds are the current per
product line level. Yet, if the firm already is at the threshold, then the same conclusion is
reached. Third, there is no optimality condition for the total production size of the firm as
in Malamud and Zucchi (2017). This is the outcome of using product innovation without
capital, implying that the size of the firm is associated to ns, and of the optimization pro-
gram. While there is not the rich dynamics of Malamud and Zucchi (2017) in that respect
here, the model has tractability thanks to this stylized approach. The volatility of cash flows
is also not affected here by optimal production size, which allows to analyze its effects in-
dependently. Fourth, the impact of financial constraints can be characterized independently

from firm size, and beyond the neighborhood of the threshold.

Corollary. The first order condition with respect to x is
vl (z) = p(w) — wp'(w), (13)
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which implies a positive correlation between internal funds and RE&D expenditures — for that

positive relationship, see Figure 3 (right).

This equation states that the marginal value of investing equals the current per unit
value of the firm to investors, p(w), plus the marginal effect of decreasing the manager’s
per product line promised value w as the firm grows. The shape of this curve is consistent
with the microeconomic literature relating R&D and internal funds at the firm level, for U.S.
listed corporations during the last three decades in particular (Bates et al., 2009).

So, the approach by DeMarzo et al. (2012) can be adapted to a context where irregular
product line creation is substituted for continuous capital accumulation. More precisely, the
firm problem can be restated in a per product line form; the per product line value function
with respect to per product line internal funds in this model and in DeMarzo et al. (2012)
are identical; and the same investment and internal funds policies are derived. The intuition
behind this property is that, while the Poisson processes used here for innovation and de-
structive creation complicates analytics in the first place, they add two additional controls to
determine optimal internal funds policy when product lines are created or destroyed. First

order conditions with respect to these controls restore homogeneity.

2.2 Aggregate equilibrium

In equilibrium, the distribution dM (n,w) of firms across product line numbers n and
levels of internal funds w is fixed. The rate of destructive creation 7 is the sum of the total
innovation effort by incumbents z; and entrants z. : 7 = z; + 2.. z. corresponds to the mass
of entrants which is directly linked to the equilibrium distribution dM (n,w). There is also a
mass v of firms which are liquidated when internal funds become empty. The stability of the
distribution is given by permanent flows of entrants (see algorithm in Appendix). Relying on
the optimal investment and internal funds policies stated above, these flows generate after
a high number of periods a distribution of firms dM (n,w) and a total number of products
N > 1. When normalizing the distribution so that dM (n,w) = dM(n,w)/N as in Klette
and Kortum (2004), the mass of entrants and the innovation effort by incumbents are:

00 ptoo
2 =1/N and z; = / / nx(n,w)dM (n,w). (14)
n=1 Jw=0
Labor is in fixed supply Is and split between production, (yv)~!, and R&D scientists of

entrants he = 1z, and incumbents h;.
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The liquidity C' of the sector is the mean value of per product line internal funds w. The
growth rate has the same simple form as in the case without corporate financial imperfections,
that is:

g=rTln~. (15)

The equilibrium outcomes for g and C' are not clear-cut and interact. When there is no
agency problem, z; and z. have closed form solutions, as the value function reduces to a pro-
portional function of the product line number, and the innovation intensity of incumbents is
homogeneous. Here, the destructive creation rate is lower as the investment rate is below the
first best one for many firms. Inversely, growth and destructive creation are here equivalent

and 7 affects the optimal financial policy of firms in Equation (12).

Finally, the general equilibrium can be summarized as follows (see Table 3 for variables).

Definition. A stationary equilibrium of this economy is a tuple
{ija leapja Tj, W5, Ze, hea Ma T,U, Cag} ;

such that [i] Y; mazimize profits as in (3) and the labor demand ly; satisfies (2); [ii] p; is
giwen by the value function in (3); [iii] x; is given by the RED policy function in (13); [iv]
w; follows the per product line motion law (10) and at optimality; [v] z. solves the entry
equilibrium in (14); [vi] the distribution M is stable; [vii] the growth rate is given by (15);

[viii] the wage rate v is consistent with labor market clearing.

For given wage and destructive creation rates, the value function can be solved indepen-
dently from the firm distribution, and the distribution be derived in a second step. The wage
and the destructive creation rates can not be simply depicted by closed-form solutions, but

they can be computed numerically (see algorithm in Appendix).

3 Quantitative analysis

In this section, provided firm optimal policies, quantitative experiments are carried out
for various sectoral contexts. Beyond displaying the model behavior, these exercises intend
to examine situations where public intervention might be relevant. First, different financial
variants are considered: when information asymmetry is ruled out, when liquidation losses
are withdrawn, or when initial internal funds injection is hindered. If the model was not

microfounded, disentangling these various channels would be infeasible, while they indeed
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Table 3 — List of main variables

innovation block financial block general block

var. description var.  description var.  description

Y;  production on line j cash flows wage

A;  productivity on line j firm internal funds liquidation rate

lo;  production workers line internal funds destruction rate

pj  product j price line funds threshold entry rate

x innovation intensity investor firm value incumbents innovation
h  research workers growth rate

n  number of product lines liquidity

investor line value
line liquidation value
manager compensation

S~ voe =g
Qe 3 & 39 v

have differing implications. Second, several innovation environments are also addressed: with
respect to R&D costs, for incumbents and entrants, and to cash flow mean and volatility.
These experiments can be thought as comparisons between sectors, or between equilibria of
a single sector with or without stylized targeted public intervention. These experiments are
common for Schumpeterian growth models, e.g. Acemoglu et al. (2017), but have additional

implications from a financial point of view here.

3.1 Setup and baseline

In this subsection, all the elements of the quantitative experiments are presented, with
first the calibration of the baseline case, and then an illustration of the firm distribution
at equilibrium, derived from an algorithm following Atkeson and Burstein (2010) (see Ap-
pendix).

Calibration is as follows (Table 4). Values are mainly taken from DeMarzo et al. (2012).
The interest rate is exogenously set at » = 0.06. The discount rate of the manager follows
p = r+0.004. Mean cash flows are ;. = 0.20, which equivalently corresponds to an innovation
step of Iny = 0.223. The agency problem parameter is A = 0.20 and the cash flow risk is
o = 0.13. Further, the liquidation value loss of a product line is set at 25 percent: « = 0.25.
And the distance to optimal initial funds verifies: ( = 0.25. With respect to the general
equilibrium, the measure of labor supply is [ = 0.078. The fixed cost of entrants is ¢» = 0.15.
Finally, the innovation intensity with respect to the knowledge stock is a = 0.5, which is
close to 0.637 used in Acemoglu et al. (2017) and allows for a quadratic R&D cost function

as in DeMarzo et al. (2012). With respect to the computation algorithm, the time interval is
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Table 4 — Calibration

param.  description value
ls measure of workers 0.078
r interest rate of investors 0.060
p interest rate of managers 0.064
A agency problem stringency 0.200
K liquidation losses share 0.250
¢ initial distance to optimal internal funds 0.250
I product line mean cash flow 0.200
o cash flow shock volatility 0.130
0 innovation step 1.258
0 incumbent innovation capacity 0.400
P entrant innovation cost 0.150
« innovation intensity w.r.t. knowledge stock 0.500

dt = 0.25 to correspond to a quarter, and the number of periods is @ = 1000. The maximum
number of products is N = 15 (Figure 4). Finally, cash values w are between 0 and 1 on a
grid with 1,000 points.36

As the outcome of the algorithm, the distribution of firms is similar to those traditionally
observed with Schumpeterian models, but with a slight difference with respect to the internal
funds dimension. In Figure 4, Panel (a) shows the overall distribution over internal funds and
the number of products. An important mass of firms achieves the internal fund threshold.
A second part of the distribution can be distinguished around the entry point. Its shape
directly reflects cash flow shocks.?” In the end, abstracting from internal funds in Panel (b),

the distribution with respect to the product line number follows a classic pattern.

3.2 Experiments related to financial parameters

Financial constraints can be exacerbated by different factors. The need to avoid inefficient
liquidation is reinforced in three situations: when the agency problem is more intense, when
liquidation losses are higher, or when initial internal funds injections are hindered. In three
experiments, a single parameter corresponding to each of these financial imperfections is
adjusted. Generally, optimal financial policy, through internal funds accumulation and initial

internal funds injection, allows to compensate higher risks to liquidate the firm in more

36The maximum value 1 could be higher but is never reached in all the considered simulations.

37Note there are two ways for firms to exit. On the one hand, they can have only a single remaining product
line and experience a product line destruction. On the other hand, whatever their number of product lines,
they are liquidated if they are running out of internal funds. This second source of exit is not due to creative
destruction.
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Figure 4 — Example of firm distribution
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Note: On panel (a), the overall distribution is represented on the (w,n) grid. The number of points for cash
values is 1000. On panel (b), the masses of firm are calculated for each level of product number n. The
pattern is similar to the one in Aghion et al. (2014) (Figure 1.4 p. 538).

constrained setups. However, if initial internal funds injection cannot reach the optimal
level, firm development and sectoral growth can be altered to a large extent.?®

First, unconstrained economies are considered by setting A and then ( close to zero.
When the agency problem is lower, the risk to reach inefficient liquidation is reduced. There
is indeed a decrease in the liquidation rate v in the economy (Table 5 Panel B). The industry
mean level of internal funds, denoted by C, collapses. The slight positive effect on growth
is mainly due to initial internal funds wg close to the threshold @ allowing for optimal
R&D expenditures. This property is consistent with the fact that industries with higher
information asymmetry can have higher cash ratios. Growth differs by 0.05 point between
the baseline economy and this scenario. When liquidation losses are withdrawn, the need to
build more financial room to avoid this outcome is soften. When firms are created, initial

internal funds are lower (Table 5 Panel C compared to Panel A). Liquidity C' is divided by

38 All these shocks where finance development favors growth are also related to a very large literature
addressing the nexus between finance and growth. For instance, Philippon (2015) measures the cost and the
size of financial intermediation with the key motivation to provide means to quantify the consequences of
financial development for economic growth. Another key paper is Rajan and Zingales (1998) which uses firm
level data and finds that when financial markets are more developed industrial sectors with higher needs of
external finance grow faster. Benhabib and Spiegel (2000) finds with a cross-country panel that the potential
effect of finance on growth goes mainly through improvements of total factor productivity. For a recent
general review of the literature between finance and growth (and crisis), see Loayza, Ouazas and Ranciére
(2018).

21



Table 5 — Financial friction experiments

T v l w wo Z Ze v C g
Panel A - Baseline
6.77 11.52 1.25 21.0 7.3 295 3.82 040 155 1.51
Panel B - Without agency problem (A = 0.05)
6.99 11.51 1.28 58 25 280 4.19 0.13 28 1.56
Panel C - Without liquidation losses (k = 0.03)

6.73 11.58 1.64 188 43 295 3.79 074 82 1.50
Panel D - Without hindrance to internal funds (¢ = 0.03)
6.90 11.51 1.22 21.0 9.7 291 399 026 142 1.54
Panel E - Exogenous initial internal funds (( = 1, wg = 4.3)
5.89 1142 1.25 227 43 3.10 281 0.87 142 1.32

two while growth is barely modified. In the baseline case, higher initial internal funds allow
to dampen higher liquidation costs. So, internal funds can reduce to effects of this specific
financial imperfection.

Second, two scenarios consist in modifying access to initial internal funds. In the baseline
scenario, just a part of optimal initial cash can be reached, i.e. 75 percent (Table 5 Panel D).
If this constraint is ruled out (with a 93 percent capacity), initial internal funds rise and
more firms enter, contributing to increase destructive creation and growth (by 0.03 point).
On the contrary, if initial internal funds are fixed at a value almost twice lower than in the
baseline case (Table 5 Panel D), entry z. is deterred, the exit rate v doubles and growth is
affected by around 0.2 point, compared to a growth rate of 1.5 percent in the baseline case.
While the shock is sizeable and would correspond to a major financial malfunctioning, the

impact on growth is noticeable.

3.3 Experiments related to firm technology

The behavior of a sector depends on the structural properties of its innovation capacity.
In this section, experiments consider changes with respect to R&D return and costs, for
incumbents and entrants, and with respect to cash flow mean and volatility. In all these
experiments, parameters are increased by 50 percent. In particular, higher entry costs and
higher cash flow volatility generate a stringent reliance on internal funds to alleviate increased
liquidation risks. In contrast, higher mean returns reduce the precautionary stock of internal

funds and sectoral liquidity, while spurring innovation and growth. In the end, growth and
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Table 6 — Innovation capacity experiments

T v l 7] wo 2 Ze v C g
Panel A - Baseline
6.77 11.52 1.25 21.0 7.3 295 3.82 040 155 1.51
‘Panel B - Lower RE&D subsidy for incumbents (6 = 0.30)

6.41 11.50 1.25 20.8 7.3 221 420 029 149 1.43
Panel C - Lower entry subsidy for entrants (v = 0.20)

4.62 11.33 1.62 249 91 397 0.75 099 196 1.05
Panel D - Improved product line returns (n = 0.266)

10.57 11.50 1.26 18.7 6.5 2.89 7.68 0.37 11.7 3.27

Panel E - Increased cash flow volatility (o = 0.173)
6.67 11.52 1.24 276 9.1 295 3.73 051 195 1.49

liquidity crucially depend on the mix of many innovation features of a specific sector.3”

Considering higher costs of R&D is a stylized way to address a lowering of R&D gov-
ernment subsidies directed to incumbent firms. Compared to the baseline case, there are
compensating effects (Table 6 Panel B). First, the incumbent innovation rate is reduced.
This implies a fall in the rate of destructive creation, a lower overall demand for R&D labor
and falling wages, which stimulates entry. Liquidity is only slightly reduced. While optimal
initial internal funds do not change substantially, the effect is purely due to the higher share
of entrants in the distribution of firms. So, there is an adjustment between entrants and
incumbents in line with Acemoglu et al. (2017) and generally with this kind of product line
endogenous growth models. With higher entry costs, the outcomes are symmetric (Table 6
Panel C). The innovation rate by entrants is substantially reduced, which favors innova-
tion by incumbents through reduced wages. Lower wages are a direct effect of higher entry
costs through the free entry condition corresponding to Equation (7). This explains why
the change in wages is sharper here than in any other experiment. The impact on growth is
lower than what is due to the fall of innovation from entrants because of fostered innovation
by incumbents. In this experiment, distributional aspects also lead to a sharp increase in
sectoral liquidity.

Changes with respect to mean returns, or equivalently to the innovation step size, lead

39While there are many motives for internal funds accumulation in the theoretical and empirical literature
(costs for financial transactions, taxes avoidance related to foreign earnings, agency costs for firms with poor
investment opportunities), the model can address the main motive emphasized by Bates et al. (2009), that is
the precautionary one by which firms hold cash to be in a better position to cope with adverse shocks when
access to capital market, and by which "firms with better investment opportunities hold more cash because
adverse shocks and financial distress are more costly for them". Graham and Leary (2017) find also some
evidence of a precautionary motive to explain the run-up in cash in the U.S. in the 1930s.
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Table 7 — High-technology experiments

T v l w wo Z Ze v C g
Panel A - Baseline
6.77 11.52 1.25 21.0 7.3 295 3.82 040 155 1.51
Panel B - High-tech sector (50% increase in 0, 1, u and o)
714 11.12 1.9 277 9.7 294 421 043 196 2.21
Panel C - High-tech sector at first best (A, k and ( close to zero)
7.39 11.14 2.12 6.7 2.8 297 442 022 38 2.29

Note: In Panel B, the coefficients are § = 0.30, ¥ = 0.20, p = 0.266 and o = 0.173. In Panel C, the coefficient
for the financial constraints are A\ = 0.05, x = 0.03 and ¢ = 0.03.

to a sharp rise of innovation by entrants and to a corresponding increase in the destructive
creation rate (Table 6 Panel D). The growth rate is more than doubled thanks to both the
initial exogenous increase in the innovation step size and the accompanying rise in destructive
creation. If the destructive creation rate was fixed, a higher product line mean profitability
would increase the inefficiency of liquidation and make the internal funds threshold jump.
Yet, the creative destruction rate increases considerably and affects product line profitability
downwards. If the volatility of cash flows increases, there is a higher risk to reach early
inefficient liquidation and internal funds accumulation is accelerated (Table 6 Panel E). As
this initial internal funds vary endogenously, the increased volatility does not affect much
innovation and growth. On the contrary, liquidity is far higher. This scenario reflects at the
sectoral level the result that firms with higher cash flow volatility accumulate more internal
funds (Bates et al., 2009).

Finally, to simulate a stylized high-tech sector, and following a similar exercise by Klette
and Kortum (2004), an additional experiment is carried out by increasing by 50 percent all
parameters affecting profits, for entrants and incumbents: R&D costs, entry costs, mean
returns and volatility. Here, higher innovation opportunities are associated with better
returns but also higher cash uncertainty and costlier R&D. In this scenario, initial internal
funds rises (Table 7 Panel B).% Liquidity also increases substantially. This general pattern
is the sum of effects in Table 6. Increases in ¢ and o foster internal fund accumulation while

the increase in p dampens it, the increase in 6 being neutral. In this case, higher liquidity is

40Begenau and Palazzo (2017) and Graham and Leary (2017) document that the cash-run up in the U.S.
in the 1980s and 1990s is not due to changing within firm characteristics but to a change in the sample
composition of firms. The simulations here are thus interesting to think about the rise of a specific sector
with different attributes in the whole economy.
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associated with higher growth. Yet, another experiment mix could provide differing results.

Conclusion

This paper develops a micro-funded model of firm innovation, internal funds manage-
ment, growth and liquidity. It mixes a seminal framework of Schumpeterian growth relying
on product innovation, with standard information asymmetries about cash flows between
managers and investors using continuous-time methods. The model displays tractable prop-
erties, notably for solving the firm problem at the product line scale, and is consistent with
evidence on the relation between internal funds and R&D spendings at the firm level. It
allows for experiments for a large set of parameters. In particular, various factors increas-
ing liquidation risks are disentangled, and initial internal funds happens to be crucial for
dynamics. In addition, many dimensions related to innovation capacity affect liquidity.

This paper did not address several limits and possible extensions. First, the agency
problem could rely on uncertainty affecting R&D success on top of uncertainty related to
cash flows. This could provide a direct explanation for hindered initial internal funds due
to insufficient visibility on projects. The framework could also be enriched with tangible
capital providing safer returns. Second, a financial intermediation block could be added, as
this paper abstracts from considerations in terms of liquidity equilibrium. Internal funds

accumulated by firms may affect the overall balance in the economy if safe assets are scarce.

Appendix
Proof of the Proposition

Applying an extended version of Ito’s lemma for diffusion and jump processes (Oksendal and

Sulem, 2011, p.6), the Hamilton-Jacobi-Bellman equation is:

rPy(W) = max n[u—wh(z)]+ (oW — B nx + B, nt) P, (W) + %(AUH)ZR’{(W)
87,8, (16)

+ 12 [Pyt (W + ) = Pu(W)] + nr[Pr ot (W = 877 ) — Pa(W)],

where C“D"TE‘/W) has been substituted for 7P, (W) and the time subscript ¢ is omitted. This equation

is very similar to Brémaud (1981, chap. VII, P. 203) addressing dynamic programming for intensity

control, without Brownian motions. Let us verify that P, = np is a solution to (16). With the per
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product line variable p, = P,/n and w = W /n, the right hand side term of this equation becomes:

max [p—wh(a)] + (g = 5 2+ AT (@) + 500 @)

w2 [+ 0 (50 — gt v [(n = 0 (P25 ) - .

(17)

nw+ﬁj
n+1

The first order condition with respect to 3, is: p'(w) = p ( > Following DeMarzo et al.
nw+ﬁf

n+1 and

(2012), the function p’ associated with (16) is strictly monotone for w < @ so that w =

nw+ﬁ:
n+1

B;" = w. Similarly, 3, = w. Then {(n +1)p ( ) - np(w)] simplifies to zp(w), another term

—7p(w) also appears, and (pw — B; = + B; 7)p' (w) becomes [p — (x — 7)]wp’(w). So, (17) corresponds
to the right hand side of (12). Thus, as p is solution to (12), it is also a solution to (16).

Algorithm

The algorithm is made up by the following steps. First, after having chosen an initial value
for the destructive creation rate, there is a partial equilibrium loop (all loops have a convergence
criteria at 1072). Arbitrary initial values are given to w and [. Value functions are calculated: an
initial value is chosen for the internal funds threshold @. Then, the value function is calculated
following (12) between 0 and @. Finally, a new value for & is chosen if p’ (@) is above or below -1 (see
Proposition) until convergence. New values are derived for w using the free entry condition (7) and
for the liquidation value [ using (9) and compared to the previous ones until convergence. Optimal
initial cash wyp is also derived in this loop using (8) and optimal R&D spendings x using (13).

Second, there is general equilibrium loop (the procedure by Atkeson and Burstein, 2010, is followed
as a core setup for firm dynamics and is adapted to the current context, notably with cash flow shocks).
The distribution starts with a unit mass of entrants and then, at each period, a new distribution is
calculated. Random shocks odS; are applied to every firm and the corresponding cash dynamics is
derived with (10) and (11) using optimal decision parameters from the Proposition. The new number
of products for each firm is derived using optimal R&D investment for each couple (w,n) with the
corresponding probability of success. A new unit mass of entrants is introduced and the loop is run @
times (the chosen value for @ allows for stability of aggregates and the firm distribution). Aggregates
are normalized and innovation efforts by incumbents and entrants are summed up and compared to
the chosen initial value of the destructive creation rate. New simulations are run until convergence
for 7 and clearing of the labor market (if the simulated 7oyt is above the initial chosen value 7y, total

labor demand is also too high, and new simulations are run with a lower 7).
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