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Abstract

We develop a dynamic contracting theory of asset- and cash flow-based financing
that demonstrates how firm, intermediary, and capital market characteristics shape
firms’ financing constraints. A firm with imperfect access to equity financing covers fi-
nancing needs through costly sources— an intermediary and retained cash. The firm’s
financing capacity is endogenously determined by either the liquidation value of assets
(asset-based) or the intermediary’s going-concern valuation of the firm’s cash flows
(cash flow-based). We implement the optimal contract between the firm and interme-
diary with both unsecured and secured debt (credit lines) in an overlapping pecking
order: the firm simultaneously finances cash flow shortfalls with unsecured debt and
either cash reserves (if available) or secured debt (otherwise). Improved access to eq-
uity financing increases debt capacity, thus debt and equity are dynamic complements.
When the firm does well, it repays its debt in full, while when in distress, repayment

dynamics mirror U.S. bankruptcy procedures.
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What determines firms’ financing constraints or borrowing capacity? Recent work by
Lian and Ma (2021) highlights the importance of firm characteristics, specifically the lig-
uidation value of assets or the going-concern value of cash flows, as key determinants of
financing constraints. These constraints can be classified as asset-based and cash flow-based
respectively. In this paper, we present a dynamic contracting theory of endogenous asset-
and cash flow-based financing, shedding light on the impact of firm, capital market, and
financial intermediary characteristics on financing capacity.

In our theory, a second-best holder of assets, an intermediary, provides interim financing
to a liquidity constrained firm subject to endogenous financing capacity. If the intermediary’s
valuation of the firm’s cash flows plus the option to raise new equity capital from first-best
holders in the future is above the liquidation value of the firm’s assets, then the intermediary
provides financing against the going concern value of cash flows. Otherwise, it provides
financing against the liquidation value of assets. The key implications are that (i) the optimal
financing contract with the intermediary consists of both secured and unsecured debt, (ii)
improved access to equity financing increases cash flow-based debt capacity making debt and
equity dynamic complements, (iii) the firm uses secured debt when low on cash primarily for
financing while using unsecured debt in all states primarily for hedging, and (iv) endogenous
bankruptcy and bankruptcy resolution arise from the dynamics of the model.

In more detail, a firm owned by risk-neutral and penniless investors produces risky cash
flows and has imperfect access to capital markets. The firm’s current owners cannot inject
cash into the firm. However, as in Hugonnier, Malamud, and Morellec (2015), the firm can
raise external financing only at infrequent random times from newly arriving risk-neutral
and competitive investors. Such intermittent access captures capital supply uncertainty or
frictions that cause a delay between the firm’s need for financing and its access to capital
markets. Outside such access, the firm finances cash flow shortfalls with internal cash reserves
and/or funds provided by an intermediary. However, both liquidity facilities are costly. First,
cash held in the firm earns a return below the risk-free rate. Second, the intermediary requires
compensation for any cash flow risk it bears. This compensation reflects the intermediary’s
own financial or regulatory constraints which limit its risk-bearing capacity.

We derive the optimal contract between the firm’s investors and the intermediary that
maximizes the value of the firm, subject to the intermediary’s limited commitment which
requires its continuation payoff to remain non-negative. Intuitively, in the optimal contract,
the risk-neutral investors act as the firm’s shareholders, and external financing takes the form
of equity. The intermediary, in turn, provides debt-like bridge financing to the firm, covering
financing needs between infrequent equity financing rounds. As such, the intermediary may

represent a bank or non-bank lender, or a group or syndicate of different lenders.



Crucially, we can summarize the firm’s state with a single variable that we term excess
liquidity. This variable equals the firm’s cash holdings less the risk-adjusted present value
of future transfers to and from the intermediary. Under the optimal contract, the share-
holders’ value function solves an ordinary differential equation over excess liquidity with two
free boundaries. The firm only pays dividends to its shareholders at the upper boundary.
Because the firm has infrequent access to equity financing, negative cash flow shocks can
induce financial distress, and the firm’s shareholders become effectively risk-averse. Thus,
they optimally share cash flow risk with the intermediary even though the intermediary
requires compensation for bearing such risk. The intensity of risk-sharing between the inter-
mediary and the shareholders decreases in excess liquidity. Further, the firm relaxes liquidity
constraints by delaying some payouts to the intermediary until the next equity market access.

If the firm runs out of cash, which under the optimal contract happens when excess
liquidity hits zero, the firm continues operations by relying purely on intermediary financing
until it has equity market access. However, the firm faces an endogenous financing capacity
vis-a-vis the intermediary, in that promised repayments to the intermediary cannot exceed
this financing capacity. This financing capacity pins down the lower boundary on excess
liquidity and coincides with the intermediary’s valuation of the entire firm. Intuitively,
repayment promises must be be backed by the firm as a collateral asset and so cannot
exceed the intermediary’s valuation of this collateral asset. When the intermediary values
the firm above its liquidation value, financing capacity is cash flow-based, i.e., determined by
the intermediary’s going concern value of the firm’s cash flows. Otherwise, it is asset-based,
i.e., determined by the liquidation value of the firm’s assets.

Once the firm exhausts its financing capacity, i.e., when excess liquidity approaches its
lower boundary, the intermediary effectively takes ownership of the entire firm. It seizes the
collateral backing its promised repayments and existing equity holders are wiped out. When
financing capacity is cash flow-based, the intermediary keeps the firm alive until it can sell
the firm to new risk-neutral equity investors. The intermediary never liquidates the firm
under this kind of financing. Intuitively, if the intermediary’s valuation of the firm — equal
to the risk-adjusted expected value of receiving all interim cash flows plus the resale value —
supports cash flow-based financing, then the intermediary prefers continuing to run the firm
for however long it takes to locate new outside equity financing rather than liquidating. In
contrast, when financing capacity is asset-based, the intermediary liquidates the firm once
repayment promises to the intermediary reach the liquidation value of assets.

The optimal contract with the intermediary involves two key elements, risk-sharing and
financing. To implement this optimal contract via standard securities, we first show that the

sum of past transfers to and from the intermediary, compounded at an endogenous rate, is a



sufficient statistic for the firm’s state. This sum resembles a credit line balance, motivating
an implementation via a risky unsecured and a risk-free secured credit line. The unsecured
credit line implements risk-sharing, while the secured credit line implements financing against
promises. For low excess liquidity, the firm is in financial distress and there are conflicting
interests between shareholders and creditors when recapitalizing the firm with new equity.

The implementation of the optimal contract resolves financial distress in a manner that
resembles U.S. bankruptcy procedures. Specifically, an appropriate debt covenant (e.g.,
balance sheet or earnings-based covenant) allocates control rights in distress to the creditors.
When the firm raises new equity financing outside of distress, it fully repays credit lines while
existing equity claims are diluted. When the firm is in distress, creditors force Chapter 11
bankruptcy, facilitating continued operation. The firm emerges from bankruptcy when it
finds new equity investors, repays the secured credit line in full, while partially defaulting on
the unsecured credit line and wiping out the existing equity claims. It may also emerge from
bankruptcy after a string of positive cash flow realizations. While in bankruptcy the firm
may fully exhaust its financing capacity. It then optimally liquidates, effectively converting
to Chapter 7 bankruptcy, repays the secured credit line in full, while wiping out both the
unsecured credit line and existing equity claims. In all cases, repayments respect the absolute
priority rule (APR).

The implementation also sheds light on how different financing instruments, here debt,
equity, and internal cash reserves, interact. First, debt and equity are static substitutes,
but dynamic complements. When the firm raises new equity, it retires all debt; in this
case, equity substitutes for debt. However, absent current access to equity financing, the
prospect of future access increases debt capacity because it raises the likelihood that debt
is repaid. Second, our implementation suggests an overlapping pecking order: when the
firm holds (runs out of) cash, it finances cash flow shocks by drawing on cash reserves (the
secured credit line) and the unsecured credit line. Third, unsecured and secured debt are
complements. Unsecured debt allows the firm to share risk with the intermediary to stave
off liquidation, ensuring repayment of secured creditors and raising secured debt capacity.
Fourth, according to the definitions of cash flow- and asset-based debt in Lian and Ma (2021),
the firm relies both on asset-based (secured by assets) and cash flow-based debt (unsecured
or secured by blanket lien, i.e., senior unsecured).

We emphasize that the types of debt used by the firm and the drivers of financing
capacity are related but distinct objects. Whether a firm’s financing capacity is cash flow-
or asset-based depends on which fundamentals drive the total amount of financing available
to the firm: Financing capacity is asset-based (cash flow-based) if it increases in (is invariant

to) the liquidation value of assets. Moreover, financing capacity coincides with the firm’s



secured debt capacity in our implementation. In contrast, whether a particular debt within
the firm’s capital structure is cash flow- or asset-based depends on the determinants of that
debt’s payoff in bankruptcy. In our implementation, a firm with cash flow-based financing
capacity uses both cash flow- and asset-based debt. A fraction of the secured debt is backed
by the liquidation value of assets, i.e., asset-based, whereas the secured debt balance in
excess of the liquidation value of assets is cash flow-based (secured by a blanket lien). In
addition, the firm always uses cash flow-based debt financing in the form of unsecured debt.
While an increase in the liquidation value of asset does not raise total amount of financing
available to this firm, i.e., its financing capacity, it does lead to more asset-based debt. A
similar logic applies to a firm with asset-based financing capacity.

Our theory endogenizes not only financing constraints, but also their tightness, that is, a
firm’s utilization of intermediary financing relative to its capacity. We find that firms whose
financing capacity is either very high or low use intermediary financing the least, and so face
on average the least tight financing constraints. Thus, firms with large financing capacity do
not rely much on the intermediary because their endogenous financing capacity reflects strong
firm fundamentals that reduce the need for intermediary financing. Further, better firm
fundamentals, higher intermediary risk-bearing capacity, or better access to equity financing
— all associated with larger financing capacity — may increase utilization more than capacity
of intermediary financing, thus tightening financing constraints.

Next, we consider that shareholders cannot commit to lowering their continuation value
upon raising equity, limiting the extent to which equity can be diluted in distress resolution.
Although the optimal contract can still be implemented via secured and unsecured debt,
shareholders’ limited commitment leads to the violation of absolute priority in bankruptcy
and thus effectively implies weak creditor rights. We show that weaker creditor rights cause a
shift from cash flow-based towards asset-based financing and from Chapter 11 (with reorgani-
zation) to Chapter 7 bankruptcy (with liquidation). This extension can inform international
comparisons of financing arrangements and the underlying legal systems.

To capture lenders’ monitoring (e.g., via covenants) or engagement in distress resolution
often observed in practice, we introduce that the intermediary improves the performance of
the firm through costly (monitoring) effort. We show that this monitoring effort is propor-
tional to the extent of risk-sharing between firm and intermediary. This implies monitoring
increases following negative cash flow shocks, and thus credit line drawdowns.

Finally, we give a brief overview of the main empirical implications of our theory; Section 6
provides a more detailed summary. First, better access to equity financing, e.g., due to more
liquid private or public equity markets, improves access to cash flow-based financing, and

expands financing capacity. Thus, our theory rationalizes why large public and private



equity (PE) backed firms use more cash flow-based financing than private firms with limited
access to equity financing (Lian and Ma, 2021; Haque, Jang, and Mayer, 2022). Second,
intermediaries with higher risk-bearing capacity, for instance, non-bank lenders (Chernenko,
Erel, and Prilmeier, 2022), provide more cash flow-based financing (Jang, 2022; Block, Jang,
Kaplan, and Schulze, 2023). Consequently, a shock to the intermediary sector implies a shift
from cash flow-based toward asset-based financing. Third, cash flow-based financing is more
prevalent among firms with high profitability, low cash flow volatility, or low liquidation value
(Kermani and Ma, 2023). Fourth, firms tend to use unsecured debt in all states and secured
debt primarily when low on cash or in distress (Benmelech, Kumar, and Rajan, 2020a). Fifth,
in financial distress, cash flow-based financing is associated with Chapter 11 bankruptcy
and reorganization, while asset-based financing is associated with Chapter 7 bankruptcy
and liquidation. Sixth, weak creditor protection reduces cash flow-based financing capacity,
leading to more asset-based financing and liquidations. Seventh, cash flow-based financing
is associated with high creditor monitoring in distress (Kermani and Ma, 2020). Eight, in an
alternative application in which the intermediary represents a distress investor (e.g., PE or
hedge fund) that acquires a (debt or equity) stake in the firm in distress, distress investment
activity is hump-shaped with respect to firms’ access to equity financing.

By providing a micro-foundation of financing constraints through the lens of dynamic
contracting theory, our paper can provide guidance on reduced-form financing constraints,
for instance, in dynamic macroeconomic models. While most papers in the macroeconomic
literature focus on collateral, i.e., asset-based, constraints as key financing constraint (Kiy-
otaki and Moore, 1997; Bernanke, Gertler, and Gilchrist, 1999; Dévila and Korinek, 2018),
Greenwald (2019), Drechsel and Kim (2022), and Drechsel (2023) introduce cash flow-based
financing constraints in general equilibrium models. According to our theory, a firm’s total
(debt) financing B, from intermediaries at time t is either constrained by the liquidation
value of assets L; or an increasing function of expected cash flows F;, suggesting a reduced-
form financing constraint B; < max{L;, A;E;}. Although this constraint differs from the
micro-founded one, it can capture its key qualitative aspects despite its simplicity. Our
findings reveal that A; should increase with intermediary risk-bearing capacity and a firm’s
access to equity financing as well as reflect firm characteristics; the exact functional form of

A, could be calibrated or structurally estimated which is left for future research.!

Related Literature. Our paper mainly relates to the literature on dynamic corporate
liquidity management in continuous time, pioneered by Bolton, Chen, and Wang (2011)
and Décamps, Mariotti, Rochet, and Villeneuve (2011). In a unified model of corporate

investment, financing, and liquidity management, Bolton et al. (2011) demonstrate how

Drechsel (2023); Greenwald (2019) use a cash flow-based borrowing constraints with constant 4, = A.



liquidity management and firm financing interacts with a firm’s investment decisions. Bolton,
Wang, and Yang (2021) study dynamic liquidity management with short-term debt financing,
thereby highlighting the interaction between the endogenous pricing of debt and the optimal
the equity payout and issuance strategies. Further contributions in this literature include
Gryglewicz (2011); Bolton, Chen, and Wang (2013); Décamps, Gryglewicz, Morellec, and
Villeneuve (2016); Hugonnier and Morellec (2017); Malamud and Zucchi (2018), and, more
recently, Abel and Panageas (2022); Dai, Giroud, Jiang, and Wang (2020); Bolton, Li, Wang,
and Yang (2021). We add to this literature in two ways. First, methodologically, we introduce
a second-best holder of the asset, an intermediary, who can however provide continuous
financing, combining optimal long-term contracting with dynamic liquidity management.
Second, while existing papers typically feature exogenous financing constraints or capital
structure or both, we endogenize (i) the firm’s capital structure, including the optimal use
of secured and unsecured (or asset- and cash flow-based) debt, and (ii) financing constraints
and capacity, thereby generating novel empirical implications.?

Our paper relates to the corporate finance literature on dynamic moral hazard without
liquidity management. Bolton and Scharfstein (1990) show that financial constraints, in their
case, early termination of a positive NPV project, may arise as dynamic solution to agency
conflicts between investors and a firm’s managers. Recent contributions include DeMarzo
and Sannikov (2006); Biais, Mariotti, Plantin, and Rochet (2007); DeMarzo and Fishman
(2007); Sannikov (2008); DeMarzo, Fishman, He, and Wang (2012); Malenko (2019). In this
literature, financial constraints arise endogenously as part of the optimal contract in order to
incentivize the agent. We contribute by solving for the optimal contract between principal
(the firm’s shareholders) and agent (the intermediary) when the principal faces liquidity
constraints and therefore must both manage its liquidity and design the contract, inducing
endogenous financing capacity.?

In particular, our work contributes to the dynamic contracting literature that studies
optimal risk-sharing between a principal and an agent under limited commitment, such as
Ai and Li (2015) and Ai, Kiku, and Li (2019), while the closest to our paper is Bolton,
Wang, and Yang (2019). Our model differs as we introduce a deep-pocketed, costly inter-
mediary that provides financing to the firm subject to endogenous constraints. Our work
is complementary in that it highlights optimal financing from a costly intermediary in the

presence of physical cash constraints and limited commitment. In contrast, their model is

2For instance, Bolton et al. (2011) consider a fully-equity financed firm with access to a credit line with
an exogenous credit line limit. Their paper does not feature an exogenous financing capacity and does not
distinguish between asset- and cash flow-based financing or secured vs. unsecured debt.

3The baseline model has no agency conflict. We also present a model extension in which the intermediary
(the agent) exerts hidden effort, here monitoring, subject to a private cost, leading to a moral hazard issue.



driven by the connection between investment, firm scale, and the scale of the manager’s out-
side option. Rampini and Viswanathan (2010) and Rampini, Sufi, and Viswanathan (2014)
provide models in which limited enforcement constrains financing and creates a role for col-
lateral. Rampini and Viswanathan (2020) applies their framework to distinguish between
secured and unsecured debt. Abel (2018) develops a dynamic trade-off theory in which a
(cash flow-based) borrowing constraint prevents shareholders from defaulting immediately.

The paper also is related to static contracting models, such as Holmstrom and Tirole
(1997) and Holmstrom and Tirole (1998), in which external financing is constrained by the
firm’s “pledgeable income,” akin to a cash flow-based financing constraint. The key differ-
ences between this classic literature and our model framework is that we consider dynamic
market access and risk sharing. These elements allow us to differentiate between asset-
based and cash flow-based financing, and their dynamic impact, such as bankruptcy and

bankruptcy resolution arising from an optimal contract.

Paper overview. Section 1 sets up the model, while Section 2 solves it. Section 3 anal-
yses the optimal contract and establishes the link to cash flow- and asset-based financing.
Section 4 implements the optimal contract via secured and unsecured credit lines. Section 5
provides the weak creditor rights and monitoring extensions, as well as robustness consider-

ations. Section 6 summarizes the empirical predictions of the model. Section 7 concludes.

1 Model Setup

Time t > 0 is continuous and infinite. We consider a firm whose assets produce cash flows
X, with stationary increments
dX; = pdt + odZy, (1)

where dZ; is the increment of a standard Brownian Motion. The firm is owned by its current
risk-neutral and penniless investors. Access to external financing from newly arriving risk
neutral investors occurs only intermittently. An intermediary (distinct from the investors)
is available to continuously provide (bridge) financing at a cost. Both the investors and
the intermediary discount the future at the risk-free rate of r > 0. The intermediary and
investors sign a long-term contract C at time ¢ = 0. This contract, C = (Div,I,AM),
stipulates cumulative payouts Div; to investors, money raised from new investors upon
access to external financing AM;, and cumulative transfers I; to and from the intermediary.
Cash flows dX; are publicly observable, verifiable, and contractible.

As will become clear later, within the optimal contract, the investors act as the firm’s

shareholders, who receive dividend payouts dDiv;, and external financing takes the form



of private or public equity financing. The intermediary provides debt-like financing, and
thus may represent a bank or non-bank lender. In anticipation of this result, we refer in
the following to investors already as the firm’s shareholders and to the value of their stake
as the firm’s equity value. However, we emphasize that we do not impose specific ex-ante
restrictions on the investor-intermediary contract to take this form.

As in Hugonnier et al. (2015), the firm can only raise external (equity) financing from
competitive and risk-neutral investors at Poisson times that arrive with constant intensity
m > 0. Here, dII; = 1 means access to external financing or refinancing at time ¢, with dll, =
1 to reflect access to equity financing at inception. Once outside investors provide financing,
they become part of the current owners. This assumption reflects capital supply uncertainty
or proxies for frictions that cause a delay between the firm’s need for financing and its access
to broader markets.* We assume no additional costs of refinancing upon dII, for the main
analysis. Online Appendix M extends our baseline by introducing a cost of refinancing. We
denote capital infusions by new investors upon market access by AM;dIl; > 0. The key
assumption is that dividend payouts to existing shareholders must be non-negative. That
is, dDiv; > 0 at all times ¢ > 0, including at refinancing times with dIl; = 1. This reflects
that the firm’s existing shareholders are penniless and cannot inject cash into the firm.
Alternatively, dDiv, > 0 may capture existing shareholders’ limited liability.

The firm’s financial constraints and the fact that cash flow shocks can be negative imply
that the firm has an incentive to accumulate cash M, via retained earnings. The cash balance
held within the firm accrues interest at the rate (r — \) where r is the common interest rate

and X € (0,7) represents a carrying cost of cash.> The dynamics of cash reserves M; are
th = dXt + (7“ — )\) Mtdt — dD?;Ut — d[t —|— AMtht (2)

Absent access to equity financing, all cash flow realizations d.X;, payouts to investors dDiv; >
0, and transfers to/from the intermediary dI; = 0 flow through the cash balance M;. Unlike
investors, the intermediary can provide financing and inject cash into the firm at any time,
so dI; can be negative. However, this source of financing is costly, as we formalize below.
The cash balance of the firm at ¢ = 07, i.e., before the contract is signed, to zero so
that My- = 0. We assume that the firm cannot borrow, except from the intermediary,
so that cash holdings must remain non-negative, M; > 0 for all ¢ > 0. This constraint

implies that if M, reaches zero, the intermediary must either inject the necessary funds

4One may interpret the time it takes to arrange for financing as proxying for asymmetric information —
outside investors take time to verify information. The intermediary as a specialist does not face such a delay.

®This assumption is standard (see, e.g., Décamps et al. 2011 and Bolton et al. 2011) and prevents the
firm from saving itself out of the constraint. Assuming impatient investors leads to similar results.



or the firm must liquidate. Liquidation thus occurs at a stopping time 7 € [0, 0], and
dDiv;, = dI; = dX; = 0 for all t > 7. We assume that the liquidation value of the firm’s
assets excluding cash is L € [0,u/r), so that the firm’s total liquidation value is M, + L
and liquidation is costly compared to first-best. In parallel with the current legal system,
in liquidation, rights on the liquidation value L can be pre-assigned and cannot be reneged

upon. We denote intermediary’s payment of liquidation proceeds by dI, € [0, L].%

1.1 Optimal Contracting Problem

We stipulate that, given a contract C, the intermediary’s continuation value (in certainty

equivalent or dollar terms) is
Y, = E, { / e " (dI, — kyds)| . (3)
t

We also refer to Y; as the intermediary’s (future) promised payments or as the intermediary’s
stake because it represents a portion of firm value promised to the intermediary. In (3), k;
is the intermediary’s endogenous cost of providing financing to the firm. We will discuss k;
and specify its functional form once we characterize the dynamics of Y;. As the intermediary
may represent a bank or non-bank lender, we interpret k; as a proxy for the intermediary’s
limited risk-bearing capacity stemming from regulatory constraints, under-diversification, or
limited capital of its own. We micro-found the representation (3) and the cost of funds k;
in Online Appendix L, where we assume that the intermediary has CARA preferences, deep
pockets, and a private savings technology.

We assume that the intermediary has an outside option, which we normalize to zero. It
can always part from the contract and receive its outside option whenever it is privately
optimal to do so and is thus subject to limited commitment, i.e., ¥; > 0 at any time ¢t > 0.7

We denote the firm’s equity value, i.e., shareholders’ value function, at time ¢ by P,. Upon
access to equity financing dIl; = 1, the firm raises A M, dollars from competitive risk-neutral
investors at fair value by issuing AM,; dollars worth of new equity. Refinancing changes total
equity value from limgy, Py pre-refinancing to P, := lim,; Ps post-refinancing, i.e., P, equals
its right-limit at time ¢, while existing shareholders’ are diluted and their post-refinancing
payoff is P, — AM,. Recall that existing shareholders cannot inject cash into the firm, i.e.,
dDiv, > 0 for all ¢ > 0 including ¢ such that dIl; = 1. Thus, their payouts and payoff are

6The constraint dI, € [0, L] reflects the limited commitment of shareholders and intermediary: neither
can promise payments upon liquidation in excess of liquidation proceeds.

"The model’s results remain qualitatively unchanged for a negative lower bound Y, ie., ¥; > Y. For
simplicity, we normalize Y = 0. This constraint also prevents the firm from raising a large amount of cash
upon refinancing and saving with intermediary to circumvent the internal cost of cash.



non-negative, i.e., P, — AM; > 0. The maximum amount of cash the firm can raise upon
market access equals the post-refinancing equity value, i.e., AM; = P,. If the firm raises this
maximal amount of financing, newly arriving investors buy the firm’s entire equity at fair
price P, while existing shareholders are fully diluted.

At time ¢ and given contract C, equity value is the expected discounted stream of future

dividend payouts net of the costs of refinancing via dilution
P, =, { / e " (dDiv, — AM,dTLL) | | (4)
t
As dDiv, > 0 and AM, < P,, we have P, > 0.8 The optimal contract maximizes

Pof = mCaXE |:/ €_Tt(dD'l.Ut — AMtht):| s.t. Y;, Mt7 dDiUt Z 0, and AMt € [0, Pt] (5)
for all t > 0, where intermediary’s stake Y; is given by (3) with initial value Y5- = 0 and
cash M, follows (2) with initial balance My- = 0, and equity value P, is given by (4).

2 Model Solution

In this section, we solve the model and derive the optimal contract. We gain tractability
by showing that a sufficient statistic for the state of the firm is the difference between the
firm’s cash holdings and the intermediary’s future promised payouts, which we term excess

liquidity. The following Lemma, proven in Online Appendix A, derives the dynamics of Y;.

Lemma 1. The intermediary’s continuation payoff evolves according to
d}/;g + d[t = (7’}/;5 + kt) dt + ﬁtO'dZt + Oét(dHt — Wdt), (6)

where B; captures the intermediary’s exposure to Brownian cash flow shocks dZ; and oy

captures the intermediary’s exposure to the (compensated) market access process (dll; — wdt).

We refer to equations (3) and (6) as the promise keeping constraints. It means that
current transfers dI; must be accompanied by a commensurate change in future promised
transfers dY;. Notice that promise-keeping requires that at the time of liquidation 7, the
intermediary receives a lumpy payout of dI,; = limy, Y; dollars, where the left limit limy, Y3

denotes the continuation payoff “just before” liquidation. In Online Appendix B, we impose

8To express P; recursively, let 7, = inf{s > ¢ : dII, = 1} denote the next time of refinancing after time t.
Then P = &, D;TMT e~ "= dDiv, + IL{TKT}e_T(”_t) (Pn — AMn)]. P, > 0 follows from P, — AM; > 0.
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standard regularity conditions on «; and f; which are needed in the formal proofs but do

not play a role in the main text.

Intermediary cost of financing. Next, we specify k; to coincide with the intermediary’s

cost of financing obtained under CARA(p) preferences:

T 1 —ePre
kt:a?‘)—ﬁfﬂ(%——). (1)
2 _ . pro )
=kz(Bt) Ek;?ozt)

The intermediary charges a risk-premium kz(3) for 3 exposure to dZ; (scaled by ¢?), while
charing kp(«) for o exposure to (dIl; — wdt) (scaled by m). Thus, using financing from the
intermediary to absorb a fraction of cash flow shocks, i.e., 5, > 0, and delaying payouts to
the intermediary to random future refinancing dates, i.e., oy > 0, are both costly.

The specific form of k; is micro-founded in Online Appendix L by the intermediary having
CARA preferences with risk-aversion p and a private savings/borrowings technology at rate
r.” We interpret 1/p as the intermediary’s limited risk-bearing capacity due to regulatory
or capital constraints. Further, we assume this risk-bearing capacity is constant for two
reasons: First, the intermediary, which may represent a group of bank or non-bank lenders
investing in many firms, is large relative to the firm. Thus, while the intermediary requires
some compensation for bearing firm risk, its risk-bearing capacity is not significantly affected
by the performance of one individual firm. Second, this assumption lends tractability to our
model; otherwise, one would have to track the additional state variables that drive the

intermediary’s risk-bearing capacity such as net worth.!°

Benchmarks. Finally, we introduce two benchmark valuations of the firm. First, consider
the firm’s value when m — oo so that it has continuous access to new equity financing. In
this case, the firm does not need to retain any cash as it can cover cash flow shortfalls by
raising new financing at will. The value of the firm then is simply its first-best net present

value (NPV)
NPV =E, { / eT(St)dXS} ey (8)
t r

Next, consider the autarky value of the firm to the intermediary. Suppose the intermediary

owns the entire firm without access to outside financing and commits to continue opera-

90ur results remain qualitatively similar if we assume a simpler non micro-founded functional form for k;,
e.g., ky = po?B; with B; > 0 and kp(«) = 0. Under this specification, the intermediary exhibits risk-aversion
only toward Brownian risk. A linear cost k; thus allows one to aggregate individual, identical intermediaries
cleanly into one representative intermediary. See Online Appendix N for details.

10We could assume that equity investors are risk-averse, in that they apply a stochastic discount factor.
As long as it is not optimal to sell the entire firm to the intermediary, the model’s dynamics remain similar.
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tions indefinitely. The firm does not retain cash due to the firm’s carry-cost-of-cash. The
intermediary then must fully absorbs all shocks. Setting dI, = dX,, fs = 1, and ay = 0 in
equation (3), we calculate the autarky value of the firm to the intermediary under continued

operation as
—0%kz(1
ya_ k=0kz(1) _p p 5 (9)
r ro 2

Then, if Y < L, the intermediary is unwilling to operate the firm in autarky, and instead
immediately liquidates the firm for a value L. The net value of the firm is the sum of the
shareholders’ value function P, and the intermediary’s stake Y; less the current cash-holdings

M,. For finite m and positive p, the net value satisfies

max {Y* L} < P +Y,— M, < NPV. (10)

2.1 Dynamic Program and HJB Equation

In principle, the dynamic optimization of the shareholders’ value function depends on two
state variables: the intermediary’s continuation payoff Y;, and the firm’s cash holdings M;.
We heuristically show how to reduce the problem to a single state variable called excess

liquidity which is the difference of cash and continuation value:
C,= M, -Y,. (11)
Combining (2) and (6), excess liquidity C' has the following law of motion:
dCy = dM;, — dY; = pedt + ocdZy + (CF — Cy) dIl, — dDivy, (12)
where

pot = po(Cr) =p+ (r — A) Cp — AY; — Uzk’z(ﬁt) +m (o — k(o))
Oct = UC(Ct) =0 (1 - ﬁt) )
C;f =C"(Cy) =AM, + Cy — ay,

and C} is the level of excess liquidity immediately after refinancing. As we show below, C}
becomes a sufficient state variable of the firm, so we can express drift and volatility of dC}

as well as C} as functions of Cy, i.e., pcr = pc(Ct), ooy = 0c(Cy), and Cf = C*(C}).

Reduction of the state space. Let us rotate the state space and, instead of (M, Y;), we

work with (Cy,Y;) as state variables (the formal argument is given in Online Appendix B.1).
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Under the promise-keeping constraint (6), a transfer of cash dI; between the balance M; of
the firm and the intermediary must be accompanied by a commensurate increase or decrease
in the intermediary’s stake Y;. Thus, C; = (M, — dI;) — (Y; — dI;) = M; — Y, is invariant to
transfers dl;. Since dI; can be positive or negative, we can use transfers to adjust Y; freely
without affecting excess liquidity Cy. Therefore, Y; is effectively a control variable, albeit a
constrained one: First, the intermediary’s limited commitment requires Y; > 0. Second, the
definition of excess liquidity (11) and the physical constraint on cash M; > 0 together imply
that Y; > —C,. Combining,

Y; > max {0, —C,}. (13)

Excess liquidity C; is negative if promised payments to the intermediary Y; are larger than
the cash balance M;. Since Y; is now a control variable, the only relevant state variable is
Cy. Thus, the shareholders’ value P, only depends on C} so that we can write P, = P(Cy).

In what follows, we omit time subscripts unless necessary.

Refinancing limits. Refinancing via equity issuance moves excess liquidity from its pre-
financing level C' to the post-refinancing level C*, with a prescribed increase of the interme-
diary’s payoff Y + I by « as per (6). Upon refinancing, the firm raises AM = C* — C + «
dollars of cash to transition from C' to C* with an increase in Y + I of a. Thus, refinancing
in state C' to C* changes existing shareholders’ payoff from P(C') to P(C)+ J(C') by amount

J(C)=P(C*) =AM — P(C) = [P(C*) — C*] — [P (C) — C] — a, (14)

while changing total equity by the amount P(C*) — P(C'). Because existing shareholders
cannot inject cash into the firm, their payouts as well as payoff are necessarily non-negative
at all times. In particular, P(C) + J(C) > 0 at refinancing times. This is equivalent to
P(C*) > AM, implying that the maximum dollar amount of new equity financing that can be
raised equals the post-refinancing value P(C*). When P(C*) = AM, existing shareholders
are fully diluted and newly arriving investors buy the firm’s entire equity at fair price P(C*).
Note that P(C) + J(C') > 0 implies the following constraint on «:

a<[P(CY) —CY+C. (15)

We denote S (C*,C) = {z : x < [P (C*) — C*] + C} the set of all admissible choices for a.!!

The HJB Equation. We now conjecture and verify that P, can be expressed as a function

of excess liquidity only, P, = P(C;), which in turn implies that total net value of the firm

HFor robustness, Section 5.1 introduces the generalized constraint J(C) > —vP(C),v € [0, 1], which is
tighter than (15) for v 