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Introduction

In crises policymakers may be compelled to intervene in exceptional ways, support-
ing households and workers, firms, industries and overall economic activity (King,
2016, p.96). That happened in the 2008/9 financial crisis, more strikingly still during
the Covid pandemic and happened once again as energy prices soared following the
Russian invasion of Ukraine. However, policymakers also try to stimulate economic
and financial activity in less extreme situations too; demand management policies,
labour insurance and work-sharing subsidies, and the so-called ‘Greenspan put’ are
obvious examples. Whilst views will differ on the net benefit of specific policy in-
terventions, there is agreement that they distort incentives. In particular, elevated
moral hazard seems to be the inevitable cost of both systematic and exceptional
interventions. The purpose of this paper is to demonstrate that there are stimulus
policies that encourage precaution in good times. We refer to such policies as pru-
dential fiscal stimulus. The example we give is of a countercyclical wage subsidy.
Even though the underlying principle of prudential stimulus is more general than
our specific example, as we discuss below that does not mean all interventions are
prudential.

On reflection, that such policies might exist in principle should perhaps not be
too surprising. Greenwald and Stiglitz (1986) established that in economies with
incomplete markets and imperfect information competitive equilibria are typically
constrained inefficient. Moreover, Arnott and Stiglitz (1986) showed theoretically
how one might design Pareto-improving tax policies in such economies: government
should tax commodities exacerbating moral hazard and subsidize those that alleviate
it. However, these authors focus on allocative efficiency and do not investigate the
potential for such insights to inform the design of aggregative fiscal or financial
regulatory policies as we do here. Again, hence our nomenclature: prudential fiscal
stimulus.

Prudential fiscal stimulus policies increase welfare even in the absence of aggre-
gate demand externalities. In our benchmark model, the only channel through which
stimulus can increase welfare is through improved incentives for precautionary be-
haviour in good times.1 Thus, initially we set aside nominal rigidities as a source

1We develop a New Keynesian version of our model later in the paper.
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of aggregate demand externalities and focus on the efficiency of stimulus policies in
the presence of a contracting friction between firms and investors. In an extension
we also show that the same insights go through if instead the model is recast as one
where the financial friction lies between households and banks.

Stimulus policies are prudential when they complement precautionary behaviour
by firms (including banks) in good times. Our primary example is a simple rule for
the design of a wage subsidy. That rule conditions the wage subsidy on real GDP;
when GDP is low, the wage subsidy is high, and vice versa. Labour is a comple-
ment to firms’ inside wealth, and the countercyclical wage subsidy increases the
marginal value of firms’ inside wealth in downturns. That encourages firms to take
precautionary actions in good times, ensuring that they can take advantage of the
wage subsidy in downturns. In the banking extension, the wage subsidy similarly
increases the marginal value of bank equity in downturns. In short, the prudential
stimulus nullifies the usual concerns with government intervention; instead of blunt-
ing beneficial precaution, the wage subsidy boosts productive capacity in downturns
by encouraging firms (banks) in good times to accumulate more inside wealth (net
worth) than they otherwise would.

Wage subsidies are not the only prudential fiscal stimulus policy in our model
but they are of much current interest given the widespread use of related schemes
during the Covid-19 pandemic. Based on ILO (2020) and IMF (2021) reports, we
calculate that 72 countries (the regions shaded in Figure 1) have used either existing
or new wage subsidy and job retention subsidy schemes as part of their economic
response to the Covid-19 pandemic.2

Of course, promotion of wage-subsidy schemes is not new. Phelps (1997) has ar-
gued for subsidizing low-wage workers’ employment via a subsidy to firms for every

2By May 2020, wage subsidy and job retention schemes supported about 50 million jobs across
the OECD, about ten times as many as during the global financial crisis. As time went on more
workers were incorporated into schemes. For example, in the UK, France and Italy at the peak of the
schemes a third or more of their workers were included. That said, we do not mean to imply that all
countries adopted similar schemes. Schemes varied substantially across countries in terms of dura-
tion, generosity and design. The wage subsidy we model is inevitably a somewhat stylized version
of those actually implemented. See https://www.oecd.org/coronavirus/policy-responses/ supporting-
jobs-and-companies-a-bridge-to-the-recovery-phase-08962553/ for some details on design. Linden
et al. (2021) look at the design and impact of different wage subsidy schemes on various metrics:
The Structure and Incentives of a COVID related Emergency Wage Subsidy Jules Linden, Cathal
O’Donoghue, Denisa M. Sologon. See also our discussion later.
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Figure 1: Countries with new or existing wage subsidy schemes

during the Covid-19 pandemic

Sources: The International Labour Organization (2020), the International Monetary Fund (2021),
authors’ calculations. Wage subsidy programmes are defined as any programme that provides wage
support to employers to retain workers in employment.

low-wage employee on the payroll. He argues that this kind of scheme would have
far-reaching social and economic benefits. And interestingly from the point of view
of the present paper, part of that benefit would be a likely boost to the equilibrium
level of employment (e.g., as quit rates diminish).3

However, concerns around the impact these schemes might have on the incen-
tives for firms to adjust to the shock of the pandemic have never been far from pol-
icymakers’ and economists’ thoughts. And so the policy challenge in withdrawing

3See the wide-ranging analysis in Phelps (1997). The promotion of these schemes goes back
still further. They were also proposed during the Great Depression in the US and the UK, by highly
respected economists. For the US, Galbraith (1975) notes that in 1933 Irving Fisher proposed (un-
successfully) to President Roosevelt government deficit financing of a scheme that would pay directly
to private employers an interest free loan rising in the number of workers added to the payroll. The
wider context of his discussion is that of a perceived failure of purely monetary open market opera-
tions to reverse sharp contractions in activity. This subsidy scheme, as with others in the US to which
Galbraith therein refers, were time-limited as a way to encourage take-up and boost private spending.
In the UK, probably the most high-profile proponent for the potential of wage subsidies was Arthur
Pigou, see Pigou (1933). The book is somewhat technical for its time and some historians of thought
suggest contemporary economists may not have given the book as much attention as they might have
otherwise. That said, numerous substantive reviews, by the likes of Seymour Harris, Roy Harrod and
Paul Sweezy, were published. In any case, he essentially appears to endorse targeted wage subsidies
as a means to boost the economy. See also the likely more influential paper by Kaldor (1936). He
was even more enthusiastic than Pigou as to the potential for wage subsidies to cure what he called
‘general unemployment.’
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this support is often presented in terms of balancing those disincentive effects with
the benefits of employment and social protection. We do not deny that such a tension
exists in practice. It is also worth noting that some of the challenge in coping with a
pandemic, say, resides in the fact that some sectors of the economy have to be shut-
down in whole or in part; for a time at least subsidising those sectors’ wages may be
less effective in boosting aggregate output. However, in helping to stimulate other
sectors of the economy, regardless of a pandemic or similar sector-specific shock,
wage subsidies may be effective as stimulus.4 Our argument then is that the design
of any support package is crucial to the nature and extent of disincentive effects and
that ‘well-designed’ support need not be as damaging as typically thought; indeed,
in principle it can be welfare improving, as we demonstrate.

Model overview and intuition

The core model consists of a population of risk averse entrepreneurs, and a pop-
ulation of risk averse worker-rentier households. Entrepreneurs combine their net
wealth with borrowed wealth and wage labour to produce consumption goods. How-
ever, entrepreneurs’ ability to defray idiosyncratic production risk is limited because
of the information asymmetries that disrupt the contracting process. In other words
it is costly for any lender to observe the entrepreneur’s idiosyncratic productivity
and that costly state verification limits risk sharing. The result is that informational
asymmetries limit the pledgeability of income. 5

In downturns inside wealth is scarce and earns high expected returns. But moral
hazard distorts this price signal; when inside wealth is scarce, the shadow costs of
moral hazard are high, and optimal external finance contracts concentrate production
risk with entrepreneurs. Entrepreneurs, thus exposed to increased production risk,
discount the high expected returns.

The upshot is that entrepreneurs absorb more aggregate risk, through their choices
in production, labour and capital markets, than under the socially optimal allocation

4See discussions in Woodford (2022) and Guerrieri et al. (2022) pertaining to stimulus versus
insurance policies, specifically in the context of Covid.

5In the banking version of the model in Appendix K, banks combine deposits from households
with banks’ equity making state contingent loans to firms, who have idiosyncratic production tech-
nologies. Just as informational asymmetries limit the pledgeability of income in the core model, in
the banking version banks are unable to diversify away idiosyncratic risk.
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of aggregate risk. And this is so, even when aggregate risk markets are open. The
competitive equilibrium is constrained inefficient and there is scope for policies to
internalise the social costs of that excessive risk taking.

More broadly, there are welfare gains available from policies that complement
entrepreneurial prudence in periods of high income, including stimulus policies.
The main requirement for a welfare improving policy in this environment is that it
should increase the marginal value of entrepreneurial wealth in downturns, thereby
encouraging prudence in the good times.

The main result of the paper is Proposition 1, which derives a closed-form ex-
pression for the optimal state contingent labour subsidy (or tax) in a non-linear
DSGE model supporting a range of underlying financial frictions. Optimal wage
subsidies increase on impact from shocks that tighten financial frictions, but the
size of the optimal wage subsidy is moderated by historical shocks: wage subsidies
are most effective if introduced quickly in response to shocks.

The specific financial friction that we introduce for quantitative analysis is the
imperfect state verification model based on Duncan and Nolan (2019) which, as
discussed below, provides a foundation for the optimality of debt contracts.6 We
estimate the nonlinear model and use the estimated model to quantify an optimal
wage subsidy simple rule responding only to output deviations from the steady state.
We find that a wage subsidy simple rule with an elasticity on output of 1.8 maximises
expected welfare gains, and reduces the expected welfare costs of business cycles
by 20 percent relative to the laissez-faire counterfactual. By this measure, expected
welfare gains increase for regions of the posterior where more of the persistence
of the model is endogenously generated from our financial friction; welfare gains
decrease when the persistence of model dynamics is driven more by the persistence
of the exogenous efficiency shock process.

Our benchmark model only includes one friction, and our policy instrument acts
on the labour market, a market that is subject to a number of distortions in practice.
We undertake two extensions to verify that our results hold in the presence of further
labour market distortions. First, we impose a 40 percent constant labour tax, which
ultimately increases the optimal size of wage subsidies and the resulting welfare

6Our results extend to a broader class of contracting frictions. The banking model presented in
Appendix K uses a simple private information friction without audits.
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gains. Second, we introduce New Keynesian price rigidities, which generate a time
varying labour market wedge of inefficiency. We also estimate the New Keynesian
version of our model and solve for optimal monetary and wage subsidy policies,
demonstrating that wage subsidies are part of the efficient policy response to shocks.

There is another reason why the New Keynesian extension is of interest. In
our flexible price model, prudential fiscal stimulus is not time consistent—when
the downturn arrives, policymakers have no incentive to introduce a distortionary
stimulus policy and rational agents know that. However, when aggregate demand
externalities are present, things are more complex. It is well known that acting under
discretion, policymakers have an incentive to accommodate supply shocks, but that
the rational expectation of this policy stimulus may worsen outcomes (Barro and
Gordon, 1983; Kydland and Prescott, 1977). Our New Keynesian model presents
a different set of time inconsistency tensions where things turn out better. On the
one hand, under flexible prices the prudential benefits of stimulus are determined by
the expectation of that stimulus in future downturns, to which a policymaker under
discretion cannot commit. On the other hand, however, aggregate demand external-
ities mean that policymakers, acting under discretion, ex post will have a desire to
accommodate inflationary shocks in downturns and that encourages stimulus. The
distance between policies under commitment and discretion is less when there are
aggregate demand frictions.

Related literature

Prudential fiscal stimulus policies can be interpreted as Arnott and Stiglitz (1986)
interventions. These authors studied optimal tax in a multi-good economy with iden-
tical agents where asymmetric information resulted in moral hazard. They showed
that, absent government intervention, the competitive equilibrium is usually con-
strained inefficient so that differential commodity taxation is optimal; government
should tax those goods that exacerbate moral hazard and subsidize those that allevi-
ate it. That is the underlying intuition behind our result too. A stimulus is incentive
improving if it discourages complements of moral hazard. In our model, exposure
to macroeconomic risk is a complement to moral hazard. Optimal policy diminishes
this exposure, and in doing so boosts economic activity and generates a welfare gain.
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This deterrence could be implemented through ex ante regulation, but also through
ex post stimulus policies.

As in Arnott and Stiglitz (1986), we assume that individuals and firms are anony-
mous when they interact in different markets. That eliminates the possibility of con-
strained efficient decentralised across-market insurance bundles studied by Prescott
and Townsend (1984) and the markets-for-markets mechanisms studied by Kilen-
thong and Townsend (2014).

Our quantitative analysis uses the imperfect state verification model of Duncan
and Nolan (2019), which extends the model of Townsend (1979) to support standard
debt contracts as optimal even when lenders can credibly commit to stochastic moni-
toring strategies. Thus, (debt) contracts in our model are privately optimal, given the
information and technologies available to agents. The model, therefore, generates a
macroprudential wedge of inefficiency that is closely related to Di Tella (2017) and
Duncan and Nolan (2021). One important difference with Di Tella (2017) is that our
model supports the financial amplification of technology shocks.

As a result of financial frictions, entrepreneurs bear residual project risk. Those
same financial frictions do not rule out trade in aggregate risk with worker-rentier
households. During periods of financial stress, high returns to inside wealth corre-
spond to high levels of residual risk. Discounting these returns ex ante, entrepreneurs
accept a larger share of aggregate risk in competitive allocations than in constrained
efficient allocations. Ultimately, this motivates a role for what is, in effect, macro-
prudential policy so as to internalise the social costs of fluctuations in firm lever-
age. Alternatively, ex post interventions that increase the marginal value of en-
trepreneurial wealth in downturns can restore incentives for ex ante entrepreneurial
prudence in economies without optimal macroprudential policies in place. That is
what the wage subsidy accomplishes.

1 The model

The model consists of a population of firm owner entrepreneurs, and a population of
identical worker households. Entrepreneurs have access to a special production tech-
nology that generates stochastic output from labour and a fixed capital factor, K the
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sum of entrepreneurs’ and households wealth, qe and q. Entrepreneurs and house-
holds both have risk averse preferences with respect to consumption—although the
extent of risk aversion is allowed to differ across groups in our quantitative analysis.

Production y is subject to idiosyncratic shocks, y = θzf(K,h) where θ is an
idiosyncratic, firm-specific shock, z is a common total factor productivity shock,
and f is a constant returns to scale production function. Information asymmetries
are assumed to limit the extent to which entrepreneurs can defray risk to outside
investors. Beyond information asymmetries, there are no other ad hoc restrictions on
financial markets within periods—entrepreneurs could always raise additional funds
from non-contingent loans, but leverage is limited by entrepreneurs’ capacity for risk
bearing in equilibrium. We first set out the entrepreneurs’ and households’ approach
to aggregate risk sharing. Then we turn to the implications of the contract required
to encourage households to invest in firms given the asymmetric information, costly
and error-prone state verification.

1.1 Entrepreneurs

We decompose the entrepreneurs’ problem into two parts. At the end of each period,
after realising output and repaying any within period loans and labour contracts,
entrepreneurs choose their consumption and trade in aggregate risk securities. At
the beginning of the following period, aggregate risks are realised, entrepreneurs’
aggregate risk securities are paid, and entrepreneurs hire labour and borrow to fund
capital acquisition for production.

At the end of the period, an entrepreneur faces the following problem:

Programme 1 At the end of the period, an individual entrepreneur solves the fol-
lowing problem:

ve(qe) = max
xe,ce,qe′

EΘ,S {log ce + βeve(qe′)}

subject to the resource constraint,

qe′ = R(θ)qe − ce −
∫
s∈S

p(s)xe(s)ds+ xe(s′),

8



where R(θ) is a mapping that solves the entrepreneur’s within period problem.

The timing notation convention is that without loss of generality, qe is measur-
able in the time t information set, while qe′ is measurable in the period t + 1 in-
formation set. Trade in aggregate risk markets is captured by the quantities xe(s),
denoting the amount purchased of an asset with payoff 1 conditional upon the future
state of the world being realised as state s. The current period price of this security is
denoted p(s). As indicated earlier, trade in securities indexed by the aggregate state
are not hampered by any problem of asymmetric information; unlike idiosyncratic
states, aggregate states are costlessly observed and verified by all agents. These
markets are active.

Our ability to separate an entrepreneur’s problem in this way depends on our
use of information asymmetries only as the source of market incompleteness in our
within period financial market. Collateral constraints, or similar, that restrict bor-
rowing within period would also restrict agents’ choices of aggregate risk securities
xe.

Programme 2 At the beginning of the period, an individual entrepreneur solves the
following problem:

R(θ) = arg max
be,he,ke

EΘ logR(θ)

subject to the capital constraint,

Qke = qe + be,

the truth-telling constraint,

R(θ, ϑ)qe + (θ − θ)zf(ke, he) ≤ R(θ, ∅)qe, (1)

and the lenders’ breakeven constraint,∑
(θ,ϑ)

P (θ, ϑ) [θzf(ke, he)− (R(θ, ϑ)− 1)qe] ≥ whe + rbe + P (θ)κke. (2)

The first constraint defines the value of capital contributing to an individual en-
trepreneur’s project as the sum of their initial wealth and funds borrowed by the
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entrepreneur from households. Equation 1 is the incentive compatibility constraint.
R(θ, ϑ)qe denotes the gross income received by an entrepreneur whose productivity
shock is wrongly revealed to be the high type. R(θ, ∅)qe denotes the gross income
received by an entrepreneur who receives the high type productivity shock. Equa-
tion 2 is the households’ participation constraint. Repayments to external financiers
are contingent on the idiosyncratic shock θ as well as any audit signal obtained
by the household (or bank), ϑ ∈ {ϑ, ϑ}. Audit signals are distributed as follows:
P (ϑ|θ) = 1, P (ϑ|θ) ∈ (0, 1), so that high types are always correctly identified by
the audit, but with some probability low types are incorrectly tagged as high types.
Thus to access outside investment, entrepreneurs need to commit to overturned low
reports paying out more than high reports. This induces truth-telling and is ensured
by the incentive compatibility constraint. To ensure the investment of households,
expected loan repayments must exceed the sum of the households’ opportunity cost
of funds, rbe plus expected audit costs, P (θ)κK, where κK is the cost of each audit
for some constant κ. It turns out that that when audit costs are sufficiently low, de-
faultable debt contracts with deterministic audit strategies are optimal (Duncan and
Nolan, 2019).

In the extension of our model, focusing on banks/financial intermediaries, we
use a different microfoundation for within period loans. The important features of
within period loans for our analysis are that (1) idiosyncratic risk cannot be fully
passed on to outside investors, and (2) borrowing decisions are interior, with en-
trepreneurs always able to borrow an additional dollar on a non-contingent basis.
Microfoundations based on information asymmetries alone are well suited to gener-
ate these two features.

The next few sections focus on three key features of the competitive equilib-
rium. First, the entrepreneurs’ aggregate risk portfolio choices are combined with
those of households to examine economy-wide, competitive allocation of aggregate
risk. Despite these markets being open it is shown that the financial accelerator is
not closed down, even for TFP shocks. Second, some details are provided on the
financial contract to show intuitively why, entrepreneurs having taken on excessive
risk from a societal perspective, a wage subsidy can be an effective countervailing
instrument. Finally, it is shown that the financial friction results in a wedge in factor
prices–less labour and capital is hired than otherwise would be the case. Moreover,
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there is a strongly positive relationship between equilibrium leverage and the factor
price wedge.

1.2 Households

The problem for the representative household is

v(q) = max
x,c,h,q′

ES {u(c, h) + βv(q′)}

subject to

q′ = (1 + r)q + wh− c−
∫
s∈S

p(s)x(s)ds+ x(s′)

Household utility is defined over consumption and labour, h. Without loss of gen-
erality, q−1, q, q

′ are measurable in the period t − 1, t, t + 1 state spaces respec-
tively. Households supply labour and use the income gained along with accumu-
lated wealth, q, and the payoff from their Arrow-Debreu portfolio, to save, invest
and consume. Households have access to a risk-free asset that pays off r per unit
invested.

1.3 Financial market clearing

Aggregate risk insurance markets allocate risk between the household and entrepreneurial
sectors. The sum of Arrow securities contingent on any possible future state of the
world is equal to zero.

xe(s) + x(s) = 0 ∀s ∈ S.

1.4 Intertemporal risk sharing

The result of the trade in aggregate risk markets is the following equilibrium risk
sharing condition

βe

β

ue′(c̄e)

u′(c)

EθR(θ, s)

1 + r
=
ue′(c̄e−1)

u′(c−1)
, (3)
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where Eθ[R(θ, s)]/(1 + r) denotes the gross equity risk premium within the period,
and λ′ := ue′(c̄e)/uc(c, h), where c̄e is the aggregate consumption of entrepreneurs.
In the absence of individual specific risk, Equation 3 would collapse to the tradi-
tional perfect risk sharing condition

(
βeue′(c̄e)/(βu′(c)) = ue′(c̄e−1)/u

′(c−1)
)
. The

equity risk premium is equal to the difference between entrepreneurs’ expected con-
sumption marginal utility and the marginal utility of expected entrepreneurial con-
sumption. The derivation of Equation 3 is in Appendix A.

The interpretation of Equation 3 is important. It seems natural to intuit that
aggregate risk markets would, in effect, recapitalize firms in downturns as Krishna-
murthy (2003), Nikolov (2014) and Carlstrom et al. (2014) show in workhorse finan-
cial accelerator models of Kiyotaki and Moore (1997) and Bernanke et al. (1999). If
aggregate risk markets did indeed act this way then financial amplification, and the
necessity for remedial policies, essentially disappears. However, that is not the case
here. When entrepreneurs are risk averse and optimal leverage is interior, the high
return to inside wealth during a downturn is countered by high costs of production
in the form of risk premia. That is, a low level of aggregate productivity combines
with the risk of low idiosyncratic productivity leading entrepreneurs to value con-
sumption smoothing relatively highly compared with financial stabilisation (that is,
accruing inside wealth). In short, competitive markets in macroeconomic risk do
not expunge credit cycles.7 It is this behaviour that opens up scope for welfare-
enhancing public policy, as the decentralized equilibrium is constrained inefficient:
Society, though not individual entrepreneurs with access to aggregate risk markets,
would prefer to go into recessions with a larger aggregate stock of inside wealth.
And so, by subsidizing labour which is a complement of wealth, the authorities can
move the economy closer to the constrained efficient outcome.

1.5 Financial contracts and factor prices

The equations in this section are mostly those delivered by the optimal external fi-
nancing contract given costly state verification, audit errors and risk averse agents.
The firm/entrepreneur and the household agree on a contract that is incentive com-

7In contrast with Di Tella (2017), productivity shocks are amplified through credit cycles in our
model, as are interest rate shocks and cost-push shocks in the New Keynesian version of our model
we present in Section 5.
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patible and penalises the entrepreneur found to be lying, something that can be costly
if a truthful report of low productivity is erroneously overturned. The contract also
satisfies a participation constraint for the household. If entrepreneurs are going to
attract household investment they will need to offer an expected return greater than r
and expected audit costs. Because the entrepreneur is risk averse, a financial wedge
emerges from the covariation of the entrepreneur’s marginal utility and firm out-
comes. That wedge is increasing in both firm specific uncertainty and leverage. It
will also show up in the demand for labour (and for capital). It will also increase the
equity risk premium. The derivations of (4,5,6) are contained in Appendix H.

Leverage is the ratio of expected entrepreneurial production over the opportunity
cost of entrepreneurial wealth,8

l =
y

(1 + r)qe
. (4)

where y denotes aggregate income, y := E[θ]f(h).

The equity risk premium is defined as the ratio of the expected return to en-
trepreneurial equity over the risk free rate. The equity risk premium is increasing in
the factor price wedge τ as well as the leverage ratio, a measure of the scarcity of
entrepreneurial wealth,

ρ = 1 + lτ (5)

where τ = −cov(Υ(θ), θ) and where Υ(θ) =
ue′(ce(θ))

EΘ[ue′(ce(θ))]
.

Wages differ from the expected marginal product of labour by the factor wedge
τ , which reflects the cost of the marginal increase in residual risk borne by the en-
trepreneur resulting from an increase in labour hired,

w = E[θ]f ′(h)(1− τ). (6)
8Many related models in the literature measure leverage as the ratio of productive assets to net

wealth. Our definition of leverage captures the effect of increased labour factor inputs on production
risk. As such, our measure captures risk-adjusted leverage.
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Factorless income can be derived from equations 4,5, and 6:

(ρ− 1)(1 + r)qe = τy.

This is the income accruing to the entrepreneurs over and above the risk free rate
earned on their inside wealth, and is the result of the risk premium due to the undi-
versifiable component of inside wealth.

The interaction between factorless income and aggregate risk sharing deter-
mines the dynamics of leverage and financial amplification in our model. When
entrepreneurial net wealth is scarce, the equity risk premium and factorless income
increase, helping to restore entrepreneurial net wealth. At the same time, aggregate
risk sharing (3) amplifies the procyclicality of entrepreneurial net wealth.

1.6 The effect of wage subsidies on entrepreneurial risk taking

The financial contract concentrates too much risk, from a societal perspective, on
entrepreneurs. To see intuitively how wage subsidies might help, consider Figure 2
which presents a partial equilibrium analysis of the effect of countercyclical wage
subsidies on an individual firm’s risk taking. The firm starts at x, y, u in panels
(a,b,c) respectively, taking wages as given. Consider a firm with access to aggre-
gate risk insurance markets; the firm can insure against a recession or expansion in
the next period. The labour supply schedule is initially given by LS. A firm may
decrease its risk by buying insurance against a recession and selling it against an
expansion. So, a small decrease in the firm’s risk taking before the realisation of
expansion or recession would shift the firm’s labour demand from LD to LD′, an
increase in labour demand if the economy enters recession and a decrease in labour
demand if the economy enters expansion. The firm’s allocation of risk is optimal
before the realisation of the aggregate economic state if they value areasC+D = A

after adjusting for their marginal rate of substitution across expansions and reces-
sions.

Now, let the policymaker introduce a wage subsidy (tax) upon realisation of a
recession (expansion). The labour supply schedules faced by the firm now shift from
LS toLS ′. A small decrease in the firm’s risk taking now increases surplus byA+B
in the recession state which is strictly greater than C, the decrease in surplus in the
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Figure 2: Countercyclical wage subsidies and firm risk taking.

(a) Recession (b) Expansion

(c) Allocation of risk

Notes: The diagrams represent the partial equilibrium effects on the labour market of the introduction
of a countercyclical wage subsidy (LS to LS′) coupled with a decrease in firm risk taking (LD to
LD′).

expansion state. The value of wealth carried forward into the recession state has in-
creased relative to the value of wealth carried forward into the expansion state, and
the firm’s indifference curves in the risk allocation market rotate. The firm chooses
their risk allocation from their budget set, where the slope of the SM schedule re-
flects the relative market prices of Arrow securities contingent on the realisation of
expansion and recession states reflectively. Ultimately, the firm reduces their risk
taking, moving from u to v.
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With the intuition of the model set out, we now set out the essential features of
the financial friction and then turn to characterise optimal wage subsidy policies.

2 A quantitative model with imperfect state verification

Our choice of specific financial friction determines the relationship between the
residual risk borne by entrepreneurs, their leverage, and idiosyncratic production
risk. For our quantitative analysis, we assume that financial contracts are subject
to a version of the imperfect state verification model, although as we explain the
framework here is easily adapted to alternative financial frictions.

Optimal external finance contracts are subject to a costly state verification with
imperfect, costly audits following Duncan and Nolan (2019). Importantly, this envi-
ronment generates standard debt contracts as privately optimal, even when lenders
can commit ex ante to ex post monitoring strategies, and even when the lender has
access to lotteries. If audits were perfect, and there was no aggregate risk, the envi-
ronment would be that of Townsend (1979). He showed that debt contracts would
be the optimal response in such an environment so long as agents were constrained
to deterministic auditing regimes. He noted, however, that a better contract might
employ a stochastic auditing schedule and that conjecture was confirmed by Bor-
der and Sobel (1987) and Mookherjee and Png (1989). These authors then showed
that optimal contracts, rather than being debt, resemble equity finance—repayments
are contingent on marginal fluctuations in income. However, with risk-averse en-
trepreneurs and audits that are imperfect and may wrongly indicate productivity
draws, Duncan and Nolan (2019) show that once more debt contracts can be op-
timal. Another way to see this is to note that equity-like contracts provide more
insurance across states for the contracting parties, but given imperfect audits may
make a bad situation worse for a borrower with a genuinely low productivity draw
that is nevertheless tagged as misreporting. 9

The upshot is that the contracts we study are privately optimal given the in-
formation and record keeping constraints that we impose. We do not require any

9Duncan and Nolan (2019) discuss in detail the literature and other requirements for the optimality
of debt contracts in their imperfect audits csv model. The main additional requirement is that audit
costs are not too high. That paper also fits the model to the US data.
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reduced-form pledgeability constraints, which are unlikely to be robust to the policy
interventions that we consider. Specifically, our model predicts that policy interven-
tions affect the implied pledgeable share of wealth. Clearly, these effects would be
missing in models where the pledgeable share of wealth is exogenous.

This model provides a tractable convex mapping from leverage l and idiosyn-
cratic risk σ to the factor price wedge τ . Figure 3 presents this relationship in the
neighbourhood of the calibrated deterministic steady state, with model filtered val-
ues derived from US data. This function, derived in the appendix, is described by
Equation 7. In the neighbourhood of the deterministic steady state, the factor price
wedge is sharply increasing in leverage and idiosyncratic risk.

Figure 3: Leverage and the factor price wedge
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τ =

(√
π̄
π
−
√

π
π̄
η
)
lσ − (π̄ + πη)

2l

+

√[(√
π̄
π
−
√

π
π̄
η
)
lσ − (π̄ + πη)

]2
+ 4ηl2σ2

2l
(7)

Here σ is the standard deviation of idiosyncratic risk, and as before, π is the
probability of a low draw of that risk, and π̄ is the probability of a high draw. Fi-
nally, η is the probability of a Type-1 audit error; that is failing correctly to identify
an entrepreneur who is truly low productivity. It is worth emphasizing that Equation
7 is the only equilibrium condition in the model that depends on the assumption of
imperfect state verification. Adapting the model for other agency problems (for ex-
ample, hidden actions or costly state falsification) would mean replacing Equation
7, and the consumption growth equations (F1,F2) in the appendix required for wel-
fare calculations. No further changes to model equations are necessary. Appendix
K presents the alternative model where the private information financial friction ap-
plies to financial intermediary liabilities rather than productive firm liabilities, and
shows that our main finding carries through to that environment.

3 Optimal wage subsidy policy under log household utility

The policymaker weights the welfare of the representative household by µ, and the
value of the representative entrepreneur by µe. The representative entrepreneur be-
gins at time zero with wealth equal to mean entrepreneurial wealth. Social welfare
vs is defined as follows:10

vs := µv + µeve (8)

We apply the Pareto weights that imply that the competitive equilibrium distribution
of wealth is socially optimal at the economy’s steady state. These weights can be

10We assume that the policymaker is interested in the welfare of both groups in the economy. An
alternative formulation would be to assume that the policymaker is only directly interested in the
welfare of the working households, and to include a participation choice for entrepreneurs: the pol-
icymakers’ weight on entrepreneurial welfare µe would then correspond to the Lagrange multiplier
on the entrepreneurs’ participation constraint.
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interpreted as Negishi (1960) weights. Full details of the welfare calculations in our
quantitative analysis can be found in Appendix F.

The representative household’s consumption leisure trade-off becomes

−uh
uc

= w(1 + ς) (9)

The wage subsidy ς is funded by lump sum taxes, paid by the household sector. The
household sector’s budget constraint becomes

q′ = (1 + r)q + wh(1 + ς)− c−
∫
s∈S

p(s)x(s)ds+ x(s′)− T.

The policymaker faces the balanced budget constraint

T = whς.

Proposition 1 Assume the following utility functions:

u(c, h) = log c− h1+ψ

1 + ψ
, ue(ce) = log ce.

a. The socially optimal wage subsidy is described by Equation 10:

ς∗ =
τ

1− τ

(
1−

(
l0ρ− lρ0
ρ− 1

)
(1− βe)

l0 − (1− βe)ρ0

)
. (10)

b. Output is completely stabilised in response to uncertainty shocks, and is pro-
portional to total factor productivity.

A proof of Proposition 1 can be found in Appendix C.
The implications of the optimal wage subsidy on equilibrium output are as fol-

lows. Under the competitive equilibrium in the absence of wage subsidy policy, real
output follows

y = z

(
αl(1− τ)

l − (1− βe)ρ

) α
1+ψ

. (11)
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Under the optimal wage subsidy, real output follows

y = z

(
αl0

l0 − (1− βe)ρ0

) α
1+ψ

(12)

Comparing Equations 11 and 12, real output is proportional to total factor produc-
tivity in both regimes, but only responds to fluctuations in leverage and risk under
the competitive equilibrium. Under the optimal wage subsidy regime, output does
not respond to uncertainty shocks.

The wage subsidy also reduces consumption risk over the cycle for households.
As a consequence, households’ demand for aggregate risk insurance falls, lowering
the market price of insurance and further encouraging firms to purchase more aggre-
gate risk insurance. This wealth effect of the wage subsidy for households further
supports the prudential channel of wage subsidy policies.

Equivalently, the wage subsidy induces higher labour supply from households. It
also induces higher inside wealth accumulation on the part of entrepreneurs (because
they get the benefit of subsidised labour, a complement to their wealth stock). And
so, entrepreneurs buy more aggregate (consumption) risk insurance for recession
times than they otherwise would because the labour subsidy makes inside wealth
more valuable during such times.

3.1 Time inconsistency of optimal subsidies

It can be readily established that optimal wage subsidy policies are time inconsistent.
Optimal wage subsidy policies distort economic allocations within period, with high
wage subsidies in downturns lifting hours worked above the point where the resulting
consumption marginal utility exceeds the total costs including the increased costs
of risk bearing. The policymaker’s objective in using wage subsidy policies is to
manipulate agents’ risk taking allocations ex ante, and the resulting distortion of
production and labour supply within the current period is the cost.

Thus, in the flexible price setting optimal policies are time inconsistent: If the
policymaker could signal a wage subsidy conditional upon a future downturn, and
this generated a prudential response in financial allocations today, then upon re-
alisation of the downturn there would be no incentive to implement the signalled
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wage subsidy. Proposition 2 formalises this result. Under discretion, where poli-
cymakers can re-set their optimal wage subsidy upon observing the net wealth that
entrepreneurs bring into the period, there is no incentive to introduce wage subsidy
policies, and allocations are identical to the competitive equilibrium.

Proposition 2 Assume the risk free real interest rate r is fixed. Under discretion,
the optimal wage subsidy is zero in all periods.11

As is demonstrated in Section 5, commitment to wage subsidy policies is less im-
portant when the economy suffers from aggregate demand externalities. It is shown
there that a wage subsidy policy response is part of the optimal policy response to
a recessionary shock under discretion. The upshot is that the discretionary policy
response is somewhat similar to the optimal commitment policy in that setting; ag-
gregate demand externalities ameliorate the time-inconsistency problem that afflicts
optimal wage subsidies.

3.2 Financial amplification and risk aversion

Before turning to quantitative analysis of the benefits of wage subsidies, it is worth
noting that while the assumption of log utility can be analytically convenient, it is
restrictive. Specifically, when households are more risk averse than entrepreneurs—
a natural assumption to make—leverage decreases in response to efficiency shocks,
generating procyclical financial amplification. Equation 13 presents the derivative
of current period leverage with respect to current period output. When household
risk aversion is greater than under log utility (γ > 1), leverage is decreasing in
current period output, generating a financial accelerator effect in response to TFP
(and other) shocks.

dl

dy
= − l

y

(γ − 1)(l − (1− βe)ρ)

l + (γ − 1)(1− βe)ρ
. (13)

This financial amplification is an important feature of the model, and we allow for
non-log household utility in the estimated non-linear model we use for quantitative
analysis.

11Note that the assumption of a fixed risk free real interest rate has no effect on the optimal policy
described in Proposition 1.
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4 Optimal wage subsidy simple rule

Having characterised the optimal wage subsidy for the model under log utility, we
now relax the assumption of log utility and turn to the analysis of a simple, optimised
wage subsidy rule. This analysis is motivated by some of the same considerations
that motivate the study of optimised simple rules in other areas of monetary and
fiscal analysis (such as the vast literature on optimised ‘Taylor Rules’). The idea
is essentially that in practice policymakers often act like they condition instrument
feedback control on a subset of widely observed variables. For our purposes, then,
we propose the following wage subsidy simple rule

ς = −φς(y − y0), (14)

where y0 is deterministic steady state output.
One way to think of this, is that rather than the policymaker observing and re-

acting to individual firm leverage or the financial wedge—firm specific or economy-
wide—the policymaker is ‘hoping’ the rule-based subsidy conditioned merely on
GDP is positively correlated with that fully optimal subsidy. This rule is also loosely
motivated by attempts to support the labour market during the recent pandemic. Of
course, most of the schemes introduced were not new. For instance, in New Zealand,
the scheme was built on earlier schemes such as the Earthquake Job Loss Cover, a
payment to labour which applied both to full time and part time workers. However,
although many of the schemes were not new, the extent of their application was.
And in some countries–like in the UK–the (furlough) scheme was in fact new. As
we observed earlier, the schemes otherwise varied substantially across countries.
The US for instance channelled more of its support for labour by extending un-
employment insurance. Many other countries extended work-sharing schemes, or
short-time working (Kurzarbeit) as in Germany and a number of other countries.
Schemes also varied substantially across countries in terms of duration, generos-
ity and many other aspects of design. As Giupponi et al. (2022) observe, schemes
may be classified by their principal focus, either on insuring workers (as in the US)
or insuring job matches as in the UK and many other OECD economies. How-
ever, as these authors also observe, in practice schemes were not so discontiguous.
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For instance, in the US context, recall unemployment insurance also has job match
preservation features. In any event, the wage subsidy we model is inevitably a some-
what stylized version of those schemes actually implemented, but is clearly closer
to schemes that emphasised job insurance (and which were in operation in many
countries even before the pandemic). 12

Figure 4 shows the welfare gains resulting from wage subsidy simple rules, us-
ing our parameter estimates described in Appendix G. The persistence of the TFP
shock affects the welfare assessment of subsidies. For our estimated parameters,
a wage subsidy rule with coefficient φς = 1.8 maximises expected welfare gains
across posterior draws and simulated histories, reducing the expected welfare costs
of business cycles by 20.5% relative to the counterfactual of no wage subsidy policy.

While modest wage subsidy simple rules generate sizeable welfare gains for all
posterior parameter estimates, we find that the magnitude of welfare gains from wage
subsidy simple rules is sensitive to the value of the persistence of TFP shocks. Fig-
ure 5 presents the persistence of TFP shocks, ρz, and the welfare gain from the
associated optimal wage subsidy simple rule, for a sample of parameter draws from
the posterior. Posterior draws with lower values for the persistence of TFP shocks
correspond to larger welfare gains from the fixed wage subsidy simple rule. When
TFP shocks are highly persistent, the welfare costs of recessions are due more to the
long tail of low productivity than to the financial acceleration of the recession itself.
As a result, there is less scope for policy interventions to reduce the welfare costs
of business cycles. In other words, subsidy schemes ought to be introduced quickly
following a shock, but the value of the subsidy should be reduced more quickly than
the shock’s effects dissipate. It also seems that shocks to the financial friction also
require more robust subsidies.

4.1 Crises and optimal simple rules

We turn now to the likely performance of the simple rule during a crisis. For this
we need an example of a crisis. We draw parameters from the posterior parameter

12As was noted earlier, specifically in the context of a pandemic shock when certain sectors may
have to shut down or scale back production, the wage subsidy has to be interpreted with more nuance.
In that case one might emphasize that it can play a role as part of a wider attempt to boost aggregate
demand and/or to absorb labour more quickly into sectors with scope to expand, than might otherwise
be the case.

23



Figure 4: Estimated mean welfare gain from optimal simple rule
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Notes: The welfare gain is reported as the reduction in the welfare costs of business cycles as a
percentage of those welfare costs in the absence of policy intervention. Shaded area indicates 90%
credible interval. Parameter values are estimated under the assumption that there is no wage subsidy
policy.
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Figure 5: Simple rule welfare gains and the persistence of TFP
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welfare gain, are reported. The welfare gain is reported as the reduction in the welfare costs of
business cycles as a percentage of those welfare costs in the absence of policy intervention.

estimates and generate model simulated data. From the simulated data, we extract
episodes where real GDP falls by more than 4 percentage points over two quarters,
reflecting the largest two quarter fall in de-trended real GDP during the US Great
Recession.

The first panel of Figure 6 shows real output across the benchmark (i.e., no wage
subsidy) and wage subsidy simple rule regimes. Under the wage subsidy simple rule
regime, the typical depth of crises is smaller. When the coefficient of the simple rule
on output is φς = 2, the mean peak-to-trough fall in output is 28 percent smaller
than in the no-policy counterfactual.

So, the wage subsidy simple rule would reduce the amplitude of business cycles
in a frictionless economy, but to increase welfare in our model, the policy must re-
duce the cost of the frictions. The second panel shows the path of leverage under the
two regimes. Despite increasing output relative to the benchmark in crisis episodes,
the wage subsidy policies decrease (relative) leverage, and hence the resulting cost
of financial frictions in crisis episodes. Leverage in our model is risk-based, and de-
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Figure 6: Economic crises with and without wage subsidy simple rules
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eters drawn from the model posterior. For each parameter vector, we then impose a common wage
subsidy simple rule and generate new simulated data using the same shock sequences to generate the
dashed series, extracting periods that were identified as crises under the benchmark regime.
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fined as the ratio of output to the opportunity cost of net worth. For wage subsidies
to reduce leverage and increase output, they must have a precautionary impact on
firms’ risk taking in advance of the crisis episodes. This is the mechanism through
which wage subsidy policies not only reduce the amplitude of business cycles, but
also increase welfare in the model.

Crises also illustrate the limitations of the simple-rule approach to wage subsidy
policies. In the absence of wage subsidies, the labour wedge increases by 4.47 per-
centage points as the economy moves from peak to trough. With the wage subsidy
simple rule, the labour wedge decreases by 0.87 percentage points: the endogenous
factor wedge τ increases by 3.48 percentage points due to the increases in leverage
and risk, but the increase in the factor wedge is offset by the wage subsidy, which
reduces the total labour wedge by 4.22 percentage points.13

Ten quarters after the onset of the crisis, the labour wedge under the wage sub-
sidy simple rule is 2.04 percentage points smaller than pre-crisis levels, as the wage
subsidy has remained high despite the fall in leverage and the factor wedge. This is
likely to be inefficient: at this point, leverage has returned to near pre-crisis levels
under both policy regimes. Output remains well below trend, but low output is not
inconsistent with efficient allocations given the persistent effects of the exogenous
shocks. At this point, the wage subsidy resulting from the simple rule is likely to be
doing more harm than good.

The third panel of Figure 6 shows the typical paths of exogenous shocks around
crisis periods. Crisis episodes are typically generated by a combination large nega-
tive technology shocks, contractionary risk shocks, and below steady state leverage.
Further figures describing the paths of the factor wedge and consumption risk shar-
ing are provided in Appendix J.1.

4.2 Distorted labour markets: Dixit’s critique

It is argued above that the way to interpret the wage subsidy is as a prudential fiscal
stimulus; an intervention that relaxes an incentive-compatibility constraint (in finan-

13Given wage subsidy ς , the labour wedge becomes

1− −uh

ucE[θ]f ′(h)
= τ − (1− τ)ς
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cial contracting), increases welfare and boosts economic activity. Viewed from the
perspective of optimal tax theory, the subsidy then in this model is as an Arnott-
Stiglitz intervention. Dixit (2003) has cautioned that such interventions are subject
to two key criticisms when it comes to policy- relevant insights. First, many poten-
tial policy levers impact on the distorted margin so that designing a fully optimal
policy would seem far from trivial. Second, and more important for the present pa-
per, is that when the policy intervention is acting on an already distorted margin,
the policymaker is no longer trading off first order benefits and second order costs,
but instead first order benefits and first order costs. The wage subsidy policies that
we propose act on the labour margin, which is typically highly distorted in modern
economies. We add a constant 40% labour tax to the baseline model and simulate the
model to find the effects of optimal policy simple rules from this new distorted base.
Tax revenues are rebated lump sum to households. That ‘wedge’ is a little higher
than the average tax wedge on the average OECD worker14 and is in the ballpark
of some of the estimates for the US over a long run of data calculated by Mulligan
(2002).15 It is important to point out that in Mulligan’s data the wedge is not solely
the result of taxes, a point we return to presently. We find that after introducing the
40% labour ‘tax’, the optimal coefficient of the wage subsidy simple rule on output,
φς , increases from 1.80 to 3.17. The resulting expected welfare gain increases from
20.5% to 30.3% of counterfactual business cycle welfare costs.

The invariance of optimal wage subsidy policy to static tax distortions is perhaps
not surprising; the relevant margin for our wage subsidy policy is not the steady
state labour margin, but instead the dynamic allocation of labour across business
cycle outturns. In the following section, we introduce a time-varying labour market
distortion in the form of New Keynesian product market nominal rigidities.

5 Optimal wage subsidies and time varying markups

In this section we present a linearized, small scale New Keynesian version of our
model. The full derivation of the model can be found in Duncan, Mainente, and

14See the OECD, Taxing Wages 2022.
15A Century of Labor-Leisure Distortions, NBER Working Paper 8774.
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Figure 7: Estimated mean welfare gain from optimal simple wage subsidy rule

(Constant labour tax of 40%)
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Notes: The welfare gain is reported as the reduction in the welfare costs of business cycles as a
percentage of those welfare costs in the absence of policy intervention. Shaded area indicates 90%
credible interval. Parameter values are estimated under the assumption that there is no wage subsidy
policy.
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Nolan (2023). Our primary motivation for introducing nominal rigidities is to fur-
ther address Dixit’s critique: nominal rigidities introduce cyclical fluctuations in
retail markups. The resulting fluctuations in the labour wedge interact with our
cyclical wage subsidy policy regime. If our wage subsidy regime were to amplify
the costs of cyclical fluctuations in markups, then this could overturn the result that
countercyclical wage subsidy policies improve welfare.

We are able to verify, however, that countercyclical wage subsidy policies re-
main welfare improving in the presence of time varying product market distortions
that generate cyclical fluctuations in the labour wedge of inefficiency (Proposition
3). Under jointly optimal monetary and wage subsidy policies, inflation is stabilised
for uncertainty shocks, and wage subsidies are phased out quickly after their intro-
duction (Section 5.2). Moreover, in the presence of aggregate demand externalities,
optimal wage subsidy policies are not as severely affected by the time inconsistency
problem as in the flexible price economy (Section 5.3. The flexible price case was
analysed in Section 3.1). The proofs of all propositions in this Section are contained
in Appendix I.

The New Keynesian version of our model is characterised by three principle
equations (15, 16, and 17).

The IS curve

yt = E[yt+1]−
1

γ
rt + ω(1− ϕ)Et[∆lt+1]− ωϕEt[∆σt+1], (15)

the Phillips curve
πt = βEt[πt+1] + λppt, (16)

and the Leverage curve

∆lt =
1

1+γω(1−ϕ) (−ϕ(lt−1 + σt−1) + γωϕ∆σt − (γ − 1)∆xt) , (17)

where ω
1+ω

is the steady state entrepreneurial consumption share, and ϕ is the elas-
ticity of the equity risk premium with respect to leverage and risk. In this Section,
output y, leverage l, uncertainty σ, technology z, and producer prices pp are ex-
pressed in terms of their respective log deviations from deterministic steady state
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levels. The real interest rate is rt := it − Et[πt+1] where nominal interest rate is i
and inflation π. The factor wedge τ , and the wage subsidy ς are expressed in terms
of their respective deviations from deterministic steady state levels. The operator ∆
takes the growth rate of its argument, ∆lt = lt − lt−1.

Our IS curve differs from the benchmark New Keynesian IS curve as a result of
the time varying distribution of consumption between entrepreneurs and the repre-
sentative household.16 Our IS curve is derived from the representative household’s
optimal consumption savings plan. Expected household consumption growth de-
pends on expected output growth but also current and expected future leverage and
uncertainty: an increase in leverage or uncertainty reduces the expected growth of
the households’ consumption share of total output.

Retailers purchase the wholesale good from entrepreneurs in competitive mar-
kets. From this wholesale good the retailers produce a differentiated retail good.
The retail goods are sold in monopolistically competitive markets subject to Calvo
pricing frictions. The producer prices paid by the retailers for the wholesale good
are equal to the total marginal costs of entrepreneurial production. These costs com-
prise marginal labour costs and the risk premium that constitutes the labour wedge
of inefficiency τ . Marginal labour costs are the sum of traditional New Keynesian
marginal costs (increasing in the output gap), a wealth effect on labour supply re-
sulting from fluctuations in the distribution of consumption (when the household’s
consumption share is high, wages demanded are higher for every level of the output
gap), and the wage subsidy policy instrument ς .

ppt =
(
γ + ϕ+α

1−α

)
xt − 1+ϕ

1−α zt︸ ︷︷ ︸
benchmark model marginal costs

+ γω(1− ϕ)lt − γωϕσt︸ ︷︷ ︸
consumption inequality wealth effect

+ τt︸︷︷︸
labour wedge

− ςt︸︷︷︸
wage subsidy

.

(18)
The Leverage curve (17) is unchanged from our benchmark flexible price model

up to log-linearisation. The policymaker’s welfare function (provided in Appendix
I) differs from the flexible price welfare function as a result of the social costs of
price dispersion during periods of abnormally high or low inflation.

16For an exposition of the benchmark New Keynesian model, refer to Galí (2008, Chapter 3).
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5.1 Optimal wage subsidy policy taking the monetary policy rule as given

In this subsection we close the model with a Taylor-type monetary policy rule that
responds to current inflation. We also impose log-utility for households to simplify
exposition.

Assumption 1 Worker households have log utility, γ = 1. Interest rates follow the
rule: i = φππt

Proposition 3 Given Assumption 1,

(i) optimal wage subsidies increase in response to cost-push components of fluc-
tuations in leverage and uncertainty, increase in response to contractionary
supply shocks, and increase in response to expansionary aggregate demand
components of fluctuations in leverage and uncertainty.

(ii) Optimal Wage subsidies are temporary, and are withdrawn more quickly than
the underlying shocks dissipate.

(iii) The optimal wage subsidy policy is characterised by Equation 20.

Combining the equilibrium conditions yields the following characterisation of
optimal policy. First, the optimal path of inflation follows

πt = µπt−1 + st (19)

ςt = −µ
(
λχ

φπ − µ

1− µ
+ (1− βµ)

)
πt−1 + ut (20)

where st, ut are functions of current period shocks and leverage (which is indepen-
dent of policy under log utility), increasing in the cost-push and aggregate demand
components of those shocks. The endogeneous persistence of inflation and output
under optimal wage subsidy policy is captured by µ, a real-valued composite pa-
rameter in (0, 1). Full characterisations of st, ut, µ are provided in the Appendix
I.
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Leverage and risk both increase marginal costs of production in our model, sim-
ilar to New Keynesian cost-push shocks. Following a standard New Keynesian cost-
push shock, an optimal wage subsidy policy would completely offset the contribu-
tion of the shock to marginal costs, restoring the first best allocation. The optimal
wage subsidy policy would then be withdrawn as the shock dissipates. In contrast
with standard New Keynesian cost-push shocks, wage subsidies in our model can-
not restore first best efficient allocations in response to uncertainty and technology
shocks in our model. Welfare costs of uncertainty shocks and leverage dynamics
remain even when the paths of output, real interest rates and inflation are stabilised.
Optimal wage subsidies are withdrawn more quickly than the underlying shocks dis-
sipate, as their primary role is prudential, and is most impactful in response to the
unpredictable component of the shock on impact, rather than the predictible persis-
tent component of the shock over time.

Why is this prudential? Start with the leverage updating relationship (17), ad-
justed for log utility:

∆lt =
1

1+ω(1−ϕ) (−ϕ(lt−1 + σt−1) + ωϕ∆σt) (21)

It is apparent that leverage is invariant to current period output and current period
wage subsidies. Wage subsidies increase output, so for leverage to be invariant to
wage subsidies, it must be the case that entrepreneurs bring more wealth into periods
where wages are subsidised; conditional wage subsidies must generate an ex ante
portfolio reallocation. If wage subsidies are introduced during downturns, then wage
subsidies will motivate precautionary behaviour, where entrepreneurs bring more
wealth into downturns.

One can see what happens when this precautionary channel is closed off. This
is revealed in the leverage updating rule when only trade in non-contingent nominal
bonds is permitted and aggregate risk markets are shut down. The resulting leverage
updating relationship is

∆lt = −ϕlt−1 − ϕσt−1 − (it−1 − πt) + ∆yt (22)

Comparing 22 with 21 shows the importance of the prudential effect of wage sub-
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sidy policies. Under closed aggregate risk markets (22), an increase in current pe-
riod output (relative to current period inflation) increases current period leverage,
increasing current period marginal costs and reducing the effectiveness of the wage-
subsidy policy.

5.2 Joint optimal wage subsidy and monetary policy

Under log utility, optimal wage subsidy and monetary policies eliminate fluctua-
tions in output and producer prices resulting from uncertainty shocks, similar to the
optimal response to markup shocks in the standard New Keynesian model.

When households are more risk averse, (γ > 1) optimal policy no longer elim-
inates fluctuations in output resulting from uncertainty shocks.

Remark 1 Under joint optimal monetary and wage subsidy policy, the optimal path
of inflation is zero in all periods πt = 0 ∀t.

The proofs of Remark 1 can be found in Appendix I. It is straightforward to show
that Remark 1 also holds in response to traditional New Keynesian markup shocks
when the policymaker has access to wage subsidies.17 The convexity of monitoring
costs generates a wedge between the social marginal costs of leverage and the pri-
vate marginal costs of leverage. Intuitively, when the convexity of monitoring costs
is high, fluctuations in leverage have large social costs, and optimal wage subsidy
policy seeks to smooth the path of leverage. By inspection of 17, we can see that
the path of leverage is smoother if output falls when leverage is high.

Figure 8 presents the economy’s response to a recessionary efficiency shock in
the model under optimal monetary policy and under optimal combined monetary
and wage subsidy policy. Under jointly optimal policy, wage subsidies increase
sharply in response to the shock, damping the output, leverage, and inflation re-
sponses to the shock. Optimal wage subsidies decay more quickly than output or
the efficiency shock itself.

17Another similarity with markup shocks is that in the absence of wage subsidies, the optimal
monetary policy allows inflation to deviate from target in response to uncertainty shocks.
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Figure 8: Optimal monetary and wage subsidy policies under commitment

Optimal monetary policy and jointly optimal monetary and wage subsidy policy
responses to recessionary 1sd efficiency shock.
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% := χ

χ+γ−1 . Model estimation details can be found in Appendix G.
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5.3 Commitment versus discretion under log utility (γ = 1)

In the flexible price model, we saw that a fiscal policymaker optimising under dis-
cretion would not levy countercyclical wage subsidies (Section 3.1, Proposition 2).
Ex post, any wage subsidy in the flexible price model introduces a distortion into
the labour market, reducing welfare. The welfare gains from countercyclical wage
subsidies in the flexible price model result from the precautionary behaviour of en-
trepreneurs who anticipate the introduction of future wage subsidies in downturns.
Conditional upon that precautionary behaviour ex ante from entrepreneurs, the poli-
cymaker has no incentive to introduce the wage subsidy when the downturn arrives.
In equilibrium, there is no precautionary behaviour, and there are no wage subsidies.
In the presence of nominal rigidities, this laissez-faire result is overturned. Aggre-
gate demand externalities motivate a policymaker under discretion to stimulate the
economy in downturns, including with their wage subsidy instrument. Anticipat-
ing the discretionary policymaker’s incentive to stimulate the economy with wage
subsidies, entrepreneurs will exercise ex ante precaution, generating a prudential
benefit.

In the presence of aggregate demand externalities, optimal wage subsidies un-
der discretion still respond to shocks. High leverage and uncertainty generate cost
pressure through the Phillips curve, and optimal wage subsidies under discretion
respond to this cost pressure. Figure 9 presents an example showing the response
of output to a recessionary uncertainty shock in the absence of wage subsidy pol-
icy, under a discretion regime and a commitment regime. Under commitment, the
optimal policy eliminates most of the volatility of output, and hours, in response
to the shock, a small departure from the flexible price model with log utility where
output is completely stabilised under commitment in response to uncertainty shocks
(Proposition 1.b).18 Under discretion, the optimal policy still dampens the volatility
of output, in contrast with the flexible price case. The optimality of countercyclical
wage subsidy policy under discretion is largely due to the coincidence of aggregate
demand externalities and the leverage externality. The wage subsidy policymaker’s
efforts to reduce the cost-push consequences of high leverage have an unintended

18This should not be confused with restoring first best efficient allocations—the distribution of
consumption remains volatile, and the entrepreneur still bears welfare costs of higher idiosyncratic
consumption risk.
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Figure 9: Optimal wage subsidy policies under commitment and discretion
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prudential effect. In equilibrium, discretionary countercyclical wage subsidies mo-
tivate a precautionary response from firms ex ante, who bring more equity into the
recession than in the absence of the wage subsidies.

6 Discussion

When governments and policymakers intervene in the economy to affect aggregate
outcomes or support particular sectors or agents, it may be in crisis conditions when
thoughts of moral hazard are set to one side. As Goodhart noted:

The time to worry about moral hazard is in the boom. The first priority
is to get out of the present hole. Worrying about moral hazard in [crisis]
circumstances is rather like refusing to sell fire insurance just after the
Great Fire of London for fear of adversely affecting future behaviour.
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However, as we now know all too clearly, financial crises are not the only crises
which have resulted in policy intervention on a substantial scale. Future pandemics,
the effects of climate change, wars and other massive shocks to the economy (e.g.,
natural disasters), may all result in calls for policymakers to act on a grand scale.
Consequently, there is a need to consider the design of policies in such a way that,
if necessary, they can be implemented effectively in crisis conditions while miti-
gating and not promoting moral hazard, adverse selection and other distortions. In
this paper, we add to the contributions of Milne (2020), Romer and Romer (2022),
Woodford (2022), Guerrieri et al. (2022) and others. These papers study the roles
of social insurance and stimulus in addressing crises whilst we shift the focus to
the concern alluded to, but unaddressed, by Goodhart’s observation. That is, we
have begun the investigation into the design of policies that provide stimulus to a
depressed economy whilst avoiding damaging the underlying incentive of firms to
behave prudently.

Our models are quite simple and so one must be cautious about generalizing too
readily our findings. Or, to put it differently, our findings are suggestive and need to
be verified in richer environments. Nevertheless, we think several indicative insights
stand out.

First, it is in principle possible to design prudential stimulus programs, given
they are rationally anticipated.20 Following the insights of Arnott and Stiglitz (1986)
the idea is to design policies which tax the complements of moral hazard and sub-
sidise the substitutes. Sometimes critics of fiscal stimulus point to ‘lags’ in the im-
plementation of particular projects meaning they come too late to be of help in a
crisis, or even to the difficulty of identifying ‘shovel-ready’ projects. Our first in-
sight suggests the challenges in identifying desirable stimulus policies also need to
pass a ‘prudential’ test.

Second, once identified, prudential stimulus policies, again in principle, need
19Not the Time to Worry about Moral Hazard by Charles Goodhart, Financial Times, September

18 2008.
20That is, we modeled wage subsidy schemes that were implemented with no uncertainty. That

may not be a harmless assumption. On the one hand, if there were some uncertainty as to whether
such a scheme was to be implemented that may detract from the schemes effectiveness. On the other
hand, as we observe in the text, most schemes were already in place when the Covid pandemic hit.
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not fall foul of one aspect of Dixit’s (2003) critique that that pre-existing distortions
might scupper the chances of finding a successful policy: the positive welfare ef-
fects of our prudential wage subsidy stimulus policy are robust to the presence of
steady state and dynamic labour wedges in the form of labour income taxes and re-
tail markups. Third, the scheme should likely build on pre-existing interventions.
In the above model, there is a steady-state friction due to the underlying asymmetric
information problem. It follows that there should be a steady-state policy interven-
tion. That leads to: Fourth, the policy is likely to be dynamic, perhaps responding
strongly as soon as the shock hits, but being withdrawn as time passes, as it did
above with the wage subsidy. Fifth, broad-based prudential fiscal stimulus can be
designed to “get in all the cracks.” During the Covid-19 pandemic, many countries
enacted broad-based policies that acted in part like wage subsidies and that were de-
signed to affect many sectors of the economy. Unlike traditional macro-prudential
policy tools, wage subsidies do not require transmission through the banking sector.
This is particularly important if transmission of macro-prudential policy through
the banking sector is under strain either as a symptom or cause of the underlying
recession.

In addition to investigating the robustness of these indicative findings, there are
several other issues that are important to pursue. First, we have focused our attention
in this paper on prudential stimulus, namely fiscal subsidies enacted in downturns
that promote the ex ante prudence of firms. But we could also attain welfare gains
by taxing the complements of moral hazard: our approach can be extended to the
design of prudential austerity programmes. Prudential austerity programmes, when
anticipated, could reduce the likelihood and severity of recessions, ultimately re-
ducing the social costs of the recession itself and the resulting austerity. Second,
Dixit’s other critique of Arnott-Stiglitz interventions is that they are not likely to be
unique. It may turn out, for instance, in designing prudential stimulus packages that
it is less distortionary to subsidise investment rather than subsidise labour. Or it may
be that a combination of investment tax credits and wage subsidies is preferable (as
for example may be the case if smoothing the intervention across a number of ex
ante distorted margins). That conclusion would depend, amongst other things on an
assessment of the distortions on hiring labour relative to the frictions in the market
for outside finance, the tax distortions affecting investment, and so on, as well as the
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welfare cost of raising tax revenue. It may be the case that the design of the optimal
stimulus package differs across sectors of the economy. Third, adopting a prudential
perspective to the design of fiscal policy involves a fairly fundamental change of per-
spective that would doubtless be politically as well as technically challenging. So,
with the right policies, the choice between ex ante prudential regulation and cleaning
up after the mess ex post may not be as stark as hitherto thought. However, enabling
government intervention, perhaps on a large scale, to induce increased private sector
efficiency is a desirable feature of any fiscal plan.
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A Aggregate risk sharing in the competitive equilibrium

To derive the aggregate risk sharing condition in the main text we first set out the
optimal savings decision of the two sets of agents, entrepreneurs (denoted with su-
perscript e) and households. There is a unit measure of each agent. The aggregate
state is denoted s and θ denotes the entrepreneur’s idiosyncratic state. Agents in
the model can buy and sell aggregate-state (Arrow-Debreu) risk assets as well as
invest in risky, idiosyncratic and risk-free assets. Thus, one obtains for individual
entrepreneur j:

βeEθu
e′(cej,t+1) = ue′(cej,t)pt(st+1)

βu′(ct+1) = u′(ct)pt(st+1).

With a slight abuse of notation, Eθ denotes solely the expectation over the realisa-
tion of idiosyncratic states, in order to be explicit about the sources of uncertainty.
Lagging by one period the foregoing expressions, since time t idiosyncratic risk is
intra-period and is not resolved (unlike st) before other time t decisions have to be
made (like hiring labour, investing in risky idiosyncratic production), it follows from
rearrangement that

βe
(
Eθu

e′(cej,t)

ue′(cej,t−1)

)
= β

(
u′(ct)

u′(ct−1)

)
.

Within period t, at the time of negotiating external finance, non-contingent savings
and loans are the opportunity cost of state-contingent loans, therefore

(1 + rt+1)Eθu
e′(cej,t+1) = Eθu

e′(cej,t+1)Rt+1(θ, st+1).

Note that given intertemporal homotheticity and scalable technologies, the function
Rt+1(θ, st+1) is independent of the past history of individual entrepreneur j. So, we
re-write the risk sharing relationship above as

βe
(
Eθu

e′(cej,t+1)Rt+1(θ, st+1)

ue′(cej,t−1)

)
= β(1 + rt+1)

(
u′(ct)

u′(ct−1)

)
.
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We want to express the above risk sharing relationship in terms of aggregate levels
of entrepreneurial consumption, rather than the paths of individual entrepreneurs’
consumption. Consider the product Eθ[ue′(cej,t)Rt(θ, st)].

Under log utility

Eθ[u
e′(cej,t)Rt(θ, st)] = Eθ

[
Rt(θ, st)

cej,t

]
.

Consumption decisions in period t are made after the individual realisation ofRt,
and at the time of consumption, the total wealth available to individual entrepreneur
is proportionate to their realisation of Rt. It follows, given intertemporal homoth-
eticity, that cej,t = kRt(θ, st) for some k ⊥ θ. The term k is not necessarily constant,
but is independent to the time t realisation of θ. It follows that

Eθ[u
e′(cej,t)Rt(θ, st)] =

1

k
.

Now, let c̄ej,t = Eθ[c
e
j,t], R̄t = Eθ[Rt(θ, st)]. By construction of k,

c̄ej,t = kR̄t.

Therefore we have
Eθ[u

e′(cej,t)Rt(θ, st)] =
R̄t

c̄ej,t
.

Under log utility,
Eθ[u

e′(cej,t)Rt(θ, st)] = ue′(c̄ej,t)R̄t.

To summarise, under log utility, the expected product of marginal utility and
gross returns to entrepreneurial wealth is equal to the product of the marginal utility
of expected consumption and the expected gross return to entrepreneurial wealth.

Now, we set the index j to denote the entrepreneur who exits period t − 1 with
consumption equal to the mean consumption across all entrepreneurs, which we
denote c̄et−1. It follows that

βe
(
ue′(c̄et )

ue′(c̄et−1)

)
Eθ

[
Rt(θ, st)

1 + rt

]
=

(
u′(ct)

u′(ct−1)

)
.
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Re-writing the previous expression with ρ ≡ EθR(θ,s)
(1+r)

, λ ≡ u′(c)/ue′(c̄e),

λt = λt−1
βe

β
ρt,

where λt is measurable in the time t information set. This is the aggregate risk-
sharing result of the main text.

Under perfect risk sharing for individual specific risks, the equity risk premium
would disappear (ρ = 1), and we would be left with the traditional risk sharing
relationship λt = λt−1

βe

β
. The equity risk premium reflects the wedge between

entrepreneur’s expected marginal utility of consumption and the marginal utility
of expected entrepreneurial consumption. An important consequence of imperfect
idiosyncratic risk sharing is that it might not be possible to test aggregate risk sharing
from aggregate consumption data alone.
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B The entrepreneur’s problem

ve(qe) = max
xe,ce,qe,h,r(θ,ϑ)

EΘ,S {ue(ce) + βeve(qe′)}

subject

Qqe′ = R(θ, s)qe−ce+y+Q(1−δ)qe−qr(θ, ϑ)−wh−
∫
s∈S

p(s)xe(s)ds+xe(s′)

y = θzf(K,h)

K = qe + q

r(θ, ϑ) ≥ r(θ, ∅) (B1)∑
(θ,ϑ)

P (θ, ϑ)r(θ, ϑ)q ≥ rq + πκK. (B2)

The notation is as follows. Superscript e denotes the entrepreneur, and ve(qe) is the
value function. ce is consumption. A prime denotes a next period variable. R(θ, s)
is the return to entrepreneurial wealth, qe, and is partly the outcome of a privately
optimal external finance contract, determined at the beginning of the period, and
conditional on idiosyncratic states realised within the period. θ denotes the idiosyn-
cratic state which is private information where θ ∈ {θ, θ} where θ < θ. These two
states occur with probabilities π and π and πθt + πθt = 1.

Trade in aggregate risk markets is captured by the quantities xe(s), denoting the
amount purchased of an asset with payoff 1 conditional upon the future state of the
world being realised as state s. The current period price of this security is denoted
p(s). As indicated earlier, trade in securities indexed by the aggregate state are not
hampered by any problem of asymmetric information; unlike idiosyncratic states,
aggregate states are costlessly observed and verified by all agents. These markets
are active.

The first constraint is the entrepreneur’s budget constraint and the second is the
productions function or technology constraint. The third equation defines K as the
sum of the entrepreneur’s and the household’s wealth. The fourth equation, Equa-
tion B1, is the incentive compatibility constraint. And the final equation, Equation
Equation B2 is the household participation constraint. Note that capital rental pay-
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ments r(θ, ϑ) are contingent on the idiosyncratic shock θ as well as any audit signal
obtained by the household (or bank), ϑ ∈ {ϑ, ϑ}. Audit signals are distributed as
follows: P (ϑ|θ) = 1, P (ϑ|θ) = η, P (ϑ|θ) = 1−η so that high types are always cor-
rectly identified by the audit, but with probability η low types are incorrectly tagged
as high types. Thus to access outside investment, entrepreneurs need to commit to
overturned low reports paying out more than high reports; that is toinduce truth-
telling and is what the incentive compatability constraints ensures. To ensure the
investment of households, expected loan repayments must exceed the sum of the
households’ opportunity cost of funds, rq plus expected audit costs, πκK where π
is the frequency of audit costs (and the probability of low idiosyncratic probability
draws) and κK is the cost of each audit, where κ is constant. It turns out that that
when audit costs are not too high and auditing is imperfect, defaultable debt con-
tracts with deterministic audit strategies are constrained efficient; see Duncan and
Nolan (2019).
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C Policymaker’s problem (Proof of Proposition 1)

In order to solve for the optimal wage subsidy, we present a minimal set of equilib-
rium conditions from the competitive economy, excluding the household’s labour
supply condition.

We solve for the policymaker’s optimal labour supply, and use this solution to de-
rive the wage subsidy that supports this labour supply. While non-zero wage subsi-
dies may require lump sum transfers to finance, these transfers are ultimately traded
away in competitive markets for aggregate risk, and do not appear in our policy-
maker’s programme.

Equilibrium conditions

The following equilibrium and market clearing conditions are constraints faced by
the policymaker.

zhα ≥ c+ ce (Λ1)

lce = zhα(1− βe)R(l, σ) (Λ2)

λ′ = c−γce (Λ3)

λ′ =
βe

β
R(l, σ)λ (Λ4)

where R(l, σ) := ρ (= 1 + lτ), where τ is a function of l, σ.
The competitive equilibrium labour supply can be expressed as follows, and is left
out of the policymaker’s problem:

h1−α+ψcγ = αz(1− τ) (CE labour supply)

The policymaker’s objective function can be expressed as follows:

V = E0

∞∑
t=0

[
µβt

(
c1−γ

1− γ
− h1+ψ

1 + ψ

)
+ µe(βe)t

(
log cet +

log g(lt, σt)
1− βe

)]
(C1)

The policymaker maximises (C3) subject to the constraints tagged by their re-
spective Lagrange multiplers (Λ1, ...,Λ4). The policymaker’s programme can be
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convexified by log transformations when R, g are log-convex in l. Alternatively,
constraint qualifications are straightforward to verify for more general specifications.

Envelope Condition

Vλ =
βe

β
R(l, σ)Λ4

FONCs

h : µh1−α+ψ = αz [Λ2(1− βe)R(l, σ)− Λ1]

c : µ = cγ
(
Λ3
γ

c
c−γce − Λ1

)
ce : 0 = µe + Λ1c

e − Λ2lc
e + Λ3c

−γce

l : 0 =
µe

1− βe
gl(l, σ)

g(l, σ)
+ Λ2 [zh

α(1− βe)Rl(l, σ)− ce] + Λ4
βe

β
Rl(l, σ)λ

λ′ : 0 = −Λ3 − Λ4 + βEV̂λ

where V̂ is a placeholder.
By constraint 3

c : Λ1 = Λ3
γ

c
λ′ − µc−γ

ce : 0 = µe + Λ1c
e − Λ2lc

e + Λ3λ
′

By constraint 2

ce : Λ2(1− βe)R(l, σ) =
1

zhα
(µe + Λ1c

e + Λ3λ
′)

Combine FONCs for c, ce:

Λ2(1− βe)R =
1

zhα

[
µe − µλ′ + Λ3λ

′
(
γ
ce

c
+ 1

)]
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C.1 Log utility

Assume Log utility, γ = 1:

h1−α+ψcγ = αz

[
1− R(1− βe)

l

(
1− µe

µ

1

λ′

)]

h1−α+ψcγ = αz(1− τ)

(
1 +

lτ −
(
λ′−λ0
λ′

)
(1− βe)(1 + lτ)

l(1− τ)

)
where λ0 := µe

µ
.

The optimal wage subsidy ς∗ is

lτ −
(
λ′−λ0
λ′

)
(1− βe)(1 + lτ)

l(1− τ)

C.2 Dynamics

Start from the optimal wage subsidy under log utility,

ς∗ =
τ

1− τ

(
1− λ̂′(1− βe)

ρ

ρ− 1

)
where λ̂′ := 1− λ0

λ′
. We can solve for λ̂′,

1

λ′
=

c

ce

=
y

ce
− 1

=
l

(1− βe)ρ
− 1

=
l − (1− βe)ρ

(1− βe)ρ
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λ̂′ = 1− (1− βe)ρ0
l0 − (1− βe)ρ0

l − (1− βe)ρ

(1− βe)ρ

= 1− (1− βe)ρ0(l − (1− βe)ρ)

(l0 − (1− βe)ρ0)(1− βe)ρ

=
(l0 − (1− βe)ρ0)(1− βe)ρ− (1− βe)ρ0(l − (1− βe)ρ)

(l0 − (1− βe)ρ0)(1− βe)ρ

=
l0 − l ρ0

ρ

(l0 − (1− βe)ρ0)

=

(
1− lρ0

l0ρ

)
l0

(l0 − (1− βe)ρ0)

Substituting into the expression for optimal wage subsidies yields

ς∗ =
τ

1− τ

(
1−

(
l0ρ− lρ0
ρ− 1

)
(1− βe)

l0 − (1− βe)ρ0

)
(C2)

C.3 Optimal policy under discretion (Proof of Proposition 2)

Under discretion, the following equilibrium and market clearing conditions are con-
straints faced by the policymaker. First, the aggregate resource constraint:

zhα ≥ c+ ce (Λ1)

Second, the policymaker takes entrepreneurial net wealth qe brought into the
period as given. Risk free real interest rates r are fixed by assumption, ultimately
implying that policymakers take the opportunity cost of net wealth, ne, as given.
Leverage is therefore increasing in aggregate production:

lne = zhα (Λ2)

where R(l, σ) := ρ (= 1 + lτ), where τ is a function of l, σ.
The policymaker’s objective function can be expressed as follows:

V = E0

∞∑
t=0

[
µβt

(
c1−γ

1− γ
− h1+ψ

1 + ψ

)
+ µe(βe)t

(
log cet +

log g(lt, σt)
1− βe

)]
(C3)
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The first order conditions are

h :
µhψ

αzhα−1
= Λ1 − Λ2

c :
µ

cγ
= Λ1

ce :
µe

ce
= Λ1

l : 0 = Λ2n
e +

µe

1− βe
gl(lt, σt)

g(lt, σt)

cγhψ

αzhα−1
= 1 +

cγµe

µ

(
1

1− βe
gl(lt, σt)

neg(lt, σt)

)
cγhψ

αzhα−1
= 1 +

gl(lt, σt)

g(lt, σt)
R(l, σ)

cγhψ

αzhα−1
= 1− T (l, σ)

Which is the same as in the competitive allocation in the absence of policy. Given
that the policymaker does not introduce a wage subsidy within the period, there is
no effect of policy on intertemporal trade, leaving allocations unchanged relative to
the competitive equilibrium.
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D The equilibrium relationship between leverage and the financial
wedge

In deriving the equilibrium relationship between leverage and the financial wedge,
it is helpful to spell out in more detail some notation compared to in the main text.
There exists a unit measure of entrepreneurs, indexed by i, who enjoy consumption
with logarithmic utility,

Ue
ti = Et

∞∑
j=0

βejue(cet+ji), (D1)

where ue(c) = log c, and βe < β, entrepreneurs are less patient than households.1
Entrepreneurs undertake projects with binary risky outcomes. The individual output
of entrepreneur i is

yti = θtiztK
1−ψ
ti hψti, (D2)

where θit is an idiosyncratic shock drawn from θti ∈ {θt, θt} where θt < θt. These
two states occur with probabilities π and π and their expectation is equal to one, πθt+
πθt = 1. Define σθt = θt− θt which has a law of motion log σθt = ρσ logσθt−1 + εσt,
where εσt is a white noise process with standard deviation σξ. Denote the expectation
of output for entrepreneur i in period t conditional upon zt by Ȳti = ztK

1−ψ
ti hψti. The

variable zt is an aggregate total factor productivity shock following the law of motion
log zt = ρz log zt−1+ εzt, where εzt is a white noise process with standard deviation
σz. Aggregate shocks are observable at the beginning of the period, whereas the
unobservable shock is revealed to the entrepreneur at the end of the period. Capital
employed by the entrepreneur is denoted in period t is Kti, and hti is labour hired
by the entrepreneur from the household sector.

At the beginning of each period, entrepreneurs borrow capital qti from house-
holds. Loan contracts specify the interest rate paid in good states, as well as the
recovery rate returned to financial intermediaries in bad states. Capital inputs into
entrepreneur i’s project include the entrepreneur’s initial capital holdings and further
capital borrowed.

Kti = qeti + qti, (D3)

where qet is the capital held by the entrepreneur at the beginning of the period. En-
trepreneurs fund consumption and future capital holdings out of the sum of project

1Entrepreneurs enjoy a greater return on savings than households in the model. Their reduced
discount factor is required to ensure that the ratio of entrepreneurial and household wealth is constant
in the steady state.
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revenues and current capital holdings, after repaying loans and paying workers’
wages,

Qtq
e
ti + ceti = yti(θti) +Qt(1− δ)qeti − qtir̂ti(θti, ϑti)− wthti. (D4)

where δ is the depreciation rate of capital. Lagrange multipliers λeti(θti, ϑti) are
attached to each of the state contingent accumulation constraints. Note that capital
rental payments r̂ti(θti, ϑti) are contingent on the idiosyncratic shock θti as well as
any audit signal obtained by the financial intermediary, ϑti ∈ {ϑ, ϑ}. Audit signals
are distributed as follows: P (ϑ|θ) = 1, P (ϑ|θ) = η, P (ϑ|θ) = 1 − η. In other
words, high types are always correctly identified by the audit, but with probability
η low types are incorrectly tagged as high types. Consequently, the unconditional
probabilities of the three possible outcomes are as follows:

P (θ, ϑ) = π(1− η), P (θ, ϑ) = πη, and P (θ, ∅) = π. (D5)

Duncan and Nolan (2019) show that when audit costs are not too high and au-
diting is imperfect, defaultable debt contracts with deterministic audit strategies are
constrained efficient. Contracts are only contingent on reports and audit signals
within the current period. This restriction is referred to as the anonymity constraint.
Once repayments on current period loans are made, entrepreneurs are considered
to become anonymous, and their future actions in other markets cannot be used as
evidence of past false reports.

Thus to access outside investment, contracts are subject to two constraints. First,
repayments following overturned low reports must exceed those following high re-
ports,

r̂(θ, ϑ) ≥ r̂(θ, ∅). (D6)

This is the incentive compatibility constraint, and we attach to it the Lagrange mul-
tiplier µ. Second, expected loan repayments must exceed the sum of the households’
opportunity cost of funds, rtqti, and expected audit costs, πκKti:∑

(θti,σθ
ti)

P (θti, ϑti)r̂t(θti, ϑti)qti ≥ rtqti + πκKti. (D7)

Equation D7 describes the households’ participation constraint, to which is attached
the Lagrange multiplier ν. Both the incentive compatibility and participation con-
straints will be binding under efficient contracts.

Given the assumptions of homothetic (log) utility and constant returns to scale
production, along with the assumption that entrepreneurs’ financial market contracts
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are anonymous across markets, we can study the entrepreneurs’ within period ex-
ternal finance problem separately from their across period aggregate risk sharing
problem. The within period problem is to maximise the following objective,

maxEt
∞∑
j=0

βejue(cet+ji)

subject to

Qtq
e
ti + ceti = yti(θti) +Qt(1− δ)qeti − qtir̂ti(θti, ϑti)− wthti

yti = θtiztK
1−ψ
ti hψti

Kti = qeti + qti∑
(θti,σθti)

P (θti, ϑti)r̂t(θti, ϑti)qti ≥ rtqti + πκKti

r̂(θ, ϑ) ≥ r̂(θ, ∅)

and initial conditions on state variables. The Lagrange multiplier on the budget
constraint is denoted λeti(θti, ϑti).

First order necessary conditions

Given this set up, the first order necessary conditions follow:

hti : 0 = Etλeti(θti, ϑti) [YNti(θti)− wt] , (D8)

qti : 0 = Etλeti(θti, ϑti)[YKti(θti)− r̂ti(θti, ϑti)]

+ νti [Etr̂t(θti, ϑti)− rt − πκ] (D9)

ceti(θti, ϑti) : 0 = ue′(c
e
ti(θti, ϑti))− λeti(θti, ϑti), (D10)

Ke
t+1i(θti, ϑti) : 0 = −Qtλ

e
ti(θti, ϑti)

+ βeEt+
[
λet+1i(θt+1i, ϑt+1i) (YKt+1i +Qt+1(1− δ))− νt+1iπlκ

]
(D11)

r̂t(θ, ϑ) : 0 = −P (θ, ϑ)λeti(θ, ϑ)qti + νtiP (θ, ϑ)qti (D12)

r̂t(θ, ϑ) : 0 = −P (θ, ϑ)λeti(θ, ϑ)qti + νtiP (θ, ϑ)qti + µti (D13)

r̂t(θ, ∅) : 0 = −P (θ, ∅)λeti(θ, ∅)qti + νtiP (θ, ∅)qti − µti (D14)
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Let Yjti(θti) denotes the derivative of output with respect to factor j for entrepreneur
i in period t given idiosyncratic shock realisation θti. Also, let Ȳjti denote the ex-
pectation of the derivative of output with respect to factor j for entrepreneur i in
period t over idiosyncratic shock realisations θti. A full analysis of these conditions
is developed in Duncan and Nolan (2019, 2022) but their essential intuition will be
set out. We then turn specifically to derive the labour wedge of inefficiency and its
equilibrium relationship to leverage.

D.1 Risk across states

The final three first order conditions above describe how the entrepreneurs’ marginal
utility (captured by λeti(θ, ϑ)) varies across states. Entrepreneurs can vary loan re-
payment rates across states r̂(θ, ϑ) in order to attempt to reduce variations in λeti
across states. Entrepreneurs’ ability to reduce variations in λeti across states is limited
by the entrepreneurs’ incentive compatibility constraint (D6). The incentive compat-
ibility constraint is binding under an efficient contract (µti > 0) resulting in varying
marginal utilities across idiosyncratic states λeti(θ, ϑ) > λeti(θ, ϑ) > λeti(θ, ∅), show-
ing that it is necessary but costly for a low type to be identified erroneously as a high
type. In addition to the option of reduced repayments following successful audits,
entrepreneurs can mitigate project risk by reducing the size of projects, relative to
the size which maximises expected profits. This precautionary reduction in the size
of projects translates into reductions in the quantities of capital and labour demanded
compared with first best efficient allocations. The full aggregate risk-sharing condi-
tion used in the paper is derived in Appendix A.

D.2 Labour and capital market wedges

Equation D8 describes the entrepreneur’s first order necessary condition for labour
demanded. Note the presence of an expectations operator: wage contracts are deter-
mined at the beginning of the period, prior to the revelation of idiosyncratic shocks
and so wages are not necessarily equal to the marginal product of labour ex post.
The entrepreneurs weight deviations between wages and labour’s marginal prod-
uct according to the likelihood of states and the entrepreneurs’ shadow value of
wealth conditional upon potential states. The entrepreneurs weight deviations be-
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tween the ex post marginal product of labour and wages more highly in bad states,
when their marginal utility is high. Moreover, averaging over entrepreneurs, the ex-
pected marginal product of labour does not equal the wage rate, even in the absence
of aggregate risk. The labour market wedge is sensitive to both the idiosyncratic dis-
tribution of project outcomes, as well as financial variables including the accuracy
of audit signals (η).

Similar considerations impact the capital market; again see Duncan and Nolan
(2022) for more details. Here we will focus on labour but as regards capital/inside
wealth, we note that there is a difference, a wedge, between the expected marginal
product of capital and the capital rental rate in just the same way as there is for the
labour market optimality.

Let the labour and capital market wedges be defined as follows,

τNti =
ȲNti − wt

ȲNti
and (D15)

τKti =
ȲKti − rt

ȲKti
. (D16)

It then follows that
λeti(θ, ϑ)

λeti(θ, ϑ)
= 1 +

τNti

P (θ, ϑ)σθt
, (D17)

λeti(θ, ∅)
λeti(θ, ϑ)

= 1− τNti

P (θ, ∅)σθt
and (D18)

τNti = τKti −
πκ

ȲKti
. (D19)

To go from Equation D8 to the first of these expressions note that Equation D8 may
be written as

0 = P (θ, ϑ)λeti(θ, ϑ)YNti(θ)+P (θ, ϑ)λeti(θ, ϑ)YNti(θ)+P (θ, ∅)λeti(θ, ∅)YNti(θ)−Etλeti(θti, ϑti)wt.

A similar re-writing for the first-order condition for qti is also possible. Reorgan-
ising these expressions delivers the three expressions immediately above. These
equations relate the entrepreneurs’ marginal rates of substitution for consumption
across project outcomes to the labour market wedge. The final equation relates the
labour market wedge to the capital market wedge. The labour market wedge (the
left hand side, τNti) is less than the capital market wedge (τKti). For entrepreneurs,
it is efficient to reduce both labour and capital demanded in order to mitigate project
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risk. The difference between the two wedges results follows as a result of auditing
costs, which are increasing in the capital factor but not in the labour factor.

Factor income

The previous subsection showed how the entrepreneurs’ inability to share idiosyn-
cratic productive risk with households results in positive labour and capital market
wedges; household’s productive factor inputs are lower than their expected marginal
products. Aggregating over entrepreneurs, we can combine the definitions of the
factor market wedges (D15) and (D16) with the optimality condition relating the
two wedges (D19) to derive the composition of output (national income) in terms of
factor income:

Yt = wtht + rt[qt + qet ] + ytτNt + πlκKt. (D20)

The first two terms on the right hand side typically form the decomposition of factor
income in a frictionless model. When entrepreneurs are compensated for risk, there
are two additional terms: the compensation for risk bearing earned by entrepreneurs
is captured by ytτNt. The fourth term, πlκKt, captures the resource costs of audits.

D.3 Labour market wedge and equilibrium leverage

It is now possible to solve for the labour market wedge in terms of leverage and
project uncertainty. First, substitute the national income equation to eliminate wtht,

λeti(θ, ϑ)

λeti(θ, ϑ)
=

(θ − 1 + τNt)Ȳt + [Qt(1− δ) + rt]q
e
ti − qtir̂ti(θ, ϑ) + rtqt + πlκKt

(θ − 1 + τNt)Ȳt + [Qt(1− δ) + rt]qeti − qtir̂ti(θ, ∅) + rtqt + πlκKt

(D21)

λeti(θ, ∅)
λeti(θ, ϑ)

=
(θ − 1 + τNt)Ȳt + [Qt(1− δ) + rt]q

e
ti − qtir̂ti(θ, ϑ) + rtqt + πlκKt

(θ − 1 + τNt)Ȳt + [Qt(1− δ) + rt]qeti − qtir̂ti(θ, ∅) + rtqt + πlκKt

(D22)

Note that πθ + πθ = 1, which implies θ = 1 − πσθt , and θ = 1 + πσθt . We now
proceed to re-write the right hand side of these expressions in terms of uncertainty
and project risk. Then, we use the definition of the wedges to substitute out for
the marginal rate of substitutions (ratios of Lagrange multipliers). The result is an
expression relating equilibrium leverage to the labour wedge.

First, then, rather than working with specific interest rates r̂(·) and project returns
θ, we write equations in terms of project risk σθt = θ−θ, and risk sharing [r̂ti(θ, ∅)−
r̂ti(θ, ϑ)]. From the households’ participation constraint,

qti[(π + πη)r̂ti(θ, ∅) + π(1− η)r̂ti(θ, ϑ)] = rtqt + πlκKt
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one is able to re-write r̂ti(θ, ∅), r̂ti(θ, ϑ) in terms of required returns and risk:

r̂ti(θ, ∅) = rt + πlκ
Kt

qti
+ π(1− η)(r̂ti(θ, ∅)− r̂ti(θ, ϑ))

r̂ti(θ, ϑ) = rt + πlκ
Kt

qti
− (π + πη)(r̂ti(θ, ∅)− r̂ti(θ, ϑ)).

Substituting these back into (D21,D22) and rearranging shows that

RtQt−1
qti
qti

= (πσθt − τNt)
Ȳt
qti

−
[

1

1− λeti(θ, ϑ)/λ
e
ti(θ, ϑ)

− π(1− η)

]
(r̂ti(θ, ∅)− r̂ti(θ, ϑ))

RtQt−1
qeti
qti

= (πσθt − τNt)
Ȳt
qti

+
λeti(θ, ∅)/λeti(θ, ϑ)

1− λeti(θ, ∅)/λeti(θ, ϑ)
Ȳt
qti

σθt

−
[

1

1− λeti(θ, ∅)/λeti(θ, ϑ)
− π(1− η)

]
(r̂ti(θ, ∅)− r̂ti(θ, ϑ))

whereRt ≡ rt+(1−δ)Qt
Qt−1

. And we equate the right hand sides to solve:

Ȳtσ
θ
t

qti(r̂ti(θ, ∅)− r̂ti(θ, ϑ))
=


λeti(θ, ϑ)

λeti(θ, ϑ)
/
λeti(θ, ∅)
λeti(θ, ϑ)

− 1

λeti(θ, ϑ)

λeti(θ, ϑ)
− 1



Note that
λeti(θ, ϑ)

λeti(θ, ϑ)
> 1, and

λeti(θ, ∅)
λeti(θ, ϑ)

< 1, making the right hand side strictly

greater than 1. The left hand side is the ratio of productive risk to the possible amount
of risk sharing following loan restructuring. The equation shows how an increase
in the ratio of productive risk to risk sharing increases the entrepreneurs’ marginal
rates of substitution for consumption across idiosyncratic states. These marginal
rates of substitution in turn determine entrepreneurs’ precautionary reductions in
wage and capital hiring compared with the first best efficient levels, through the
wedges specified in equations (D17) and (D18). Substituting these factor wedges in
place of the marginal rates of substitution yields

qti[r̂ti(θ, ∅)− r̂ti(θ, ϑ)] = Ȳti

[
πσθt − τNti
π + πη

]
(D23)

Now we can use this solution to solve for the leverage ratio

Ȳti
RtQt−1qeti

≡ lt =
(π + πη)τNti

[πσθt − τNti][πησθt + τNti]
, (= ( RHS))
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Finally,re-writing this expression yields the expression in the main text

τNti =

(√
π
π
−
√

π
π
η
)
σlt − (π + πη)

2lt
+√[(√

π
π
−
√

π
π
η
)
σlt − (π + πη)

]2
+ 4ηltσ2

2lt

≡ T (lt, σ),

where we have used the fact that σθt ≡
(
θ − θ

)
= σ/

√
ππ where σ is the standard

deviation of the idiosyncratic shock, θ.
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E Model equations in full

Helpful notation
ne := (1 + r)qe

In words, entrepreneurial net wealth within the period redenominated in terms of
the consumption units that could be purchased with no risk at the end of the period
with that wealth.

ρ :=
EΘ[R(θ, s)]

1 + r

Production and aggregate demand

y = zhα

y = c+ ce (E1)

Intratemporal financial contracts

l =
y

ne
(E2)

τ =

(√
(π̄/π)−

√
(π/π̄)η

)
lσ + (π̄ + πη)

2l

+

√[(√
(π̄/π)−

√
(π/π̄)η

)
lσ + (π̄ + πη)

]2
+ 4ηl2σ2

2l
(E3)

Entrepreneurs’ optimal consumption

ce = (1− βe)ρne

Factor prices

ρ = 1 + lτ (E4)

w =
αy

h
(1− τ)
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Labor supply

hψ

c−γ
= w

Risk sharing

λ′ =
c−γ

(ce)−1
(E5)

λ′ = λ
βe

β
ρ (E6)
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F Welfare calculations

Let

γ̄ :=

√
(π̄/π)σ√

(π̄/π)σ − τ
, γ :=

√
(π/π̄)ησ√

(π/π̄)ησ + τ

Under optimal financial contracts, the following conditions hold for entrepreneurs:

ce(θ, φ̄) = γce(θ, φ) (F1)

ce(θ̄) = γ̄ce(θ, φ). (F2)

c̄e = π̄ce(θ̄) + π(1− η)ce(θ, φ) + πηce(θ, φ̄)

Solving the above system, we can derive the realised growth rates of consump-
tion of an individual entrepreneur as a function of the entrepreneurs’ individual
shock realisations, the mean growth rate of consumption, the factor price wedge
τ and idiosyncratic risk σ. Without loss of generality, we refer to these realised
consumption growth rates as

g′(θ̄) :=
ce′(θ̄)

c̄
= G(θ̄, c̄e′, c̄e, τ, σ)

The arguments c̄e′, c̄e, τ, σ are aggregates, permitting us to evaluate the lifetime
value of a representative entrepreneur who enters at time zero with wealth equal to
mean entrepreneurial wealth.

It follows that the consumption of an entrepreneur in period T with time zero
consumption c̄e0 can be expressed as follows

cet = c̄e0

T∏
t=1

G(θt, c̄et, c̄et−1, τt, σt) θt ∈ {θ̄, (θ, φ), (θ, φ̄)}.

Recall that we assume entrepreneurs enjoy consumption with log utility, and dis-
count future period utility with time preference parameter βe. We can therefore
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derive the following expression for the lifetime value of this entrepreneur:

(1− βe)ve = log c̄e0 + E
∞∑
t=1

(βe)t logG(θt, c̄et, c̄et−1, τt, σt) (F3)

The expectation in the expression above is an expectation over future realisations
of both aggregate and individual specific states. The above expression allows us
to solve for the expectation over individual specific states with certainty, for any
realised path of aggregate states. We approximate the expectation over aggregate
states from simulated paths of the aggregate economy.

F.1 Solving for consumption growth rates

G((θ, φ), c̄et, c̄et−1, τt, σt) =
c̄et
c̄et−1

1

π̄γ̄ + π(1− η) + πηγ
(F4)

We can combine Equation F4 with (F1,F2) to find the consumption growth rates
conditional upon different realisations of (θ, φ).
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G Estimation

Both the nonlinear and loglinearised models are estimated using the No-U-Turn
Sampler of Hoffman and Gelman (2011), as implemented in Turing (Ge et al., 2018).

G.1 Nonlinear flexible price model

For the nonlinear model, in order to retain differentiability of the log-likelihood with
respect to deep model parameters, we treat the iid component of innovations in TFP
and the risk shock as parameters. This increases the number of estimated parame-
ters, but this has little computational cost due to the efficient scaling of Hamiltonian
Monte Carlo samplers in the parameter space.

The data we use to estimate the model is the output-employment ratio and the
labor share of income for the US from 1984Q1 to 2019Q4. The output-employment
ratio is constructed as the ratio of real GDP per capita (Fred: A939RX0Q048SBEA)
to the employment population ratio (Fred: EMRATIO). The labor share is constructed
as the ratio of the total Compensation of Employees (Fred: GDICOMP) to GDP (Fred:
GDP). We do not remove trends from the log-level data, but allow for trends in the
model’s TFP process. These trends are later removed when we use the model for
policy analysis.2

Figure 1 presents the prior and posterior distributions for model structural pa-
rameters. We have omitted the distributions relating to trends and innovations in
shock processes, as these are not carried over to our policy analysis. For the pro-
duction labor share parameters α and the steady state uncertainty parameter σ, our
priors are tightly informed by pre-sample steady state values, and, given that we do
not detrend our time series data, the posterior estimates are also predominantly in-
formed by the steady state ratios present in the time series data. Given α, the steady
state labor ratio is determined by the combination of the risk shock σ and the audit
quality parameter η. The labor share is decreasing in both parameters. Combina-
tions with high values of η and lower values of σ tend to have a lower semi-elasticity
of the labor wedge with respect to leverage, and so tend to support higher volatility
of leverage. The parameter with the largest quantitative impact on our results is ρz;

2In earlier exerises, we also allowed for trends in the risk process but the estimated trends were
very small, but the inclusion of these trends reduced numerical stability.
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this is discussed in Section 4.

Figure 1: Prior (�) and posterior (—) parameter distributions
for the benchmark nonlinear model
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G.2 Log-linearised sticky price model

The log-linearised model of Section I is also estimated using the Hamiltonian Monte
Carlo sampler. Efficient differentiation of the model solution step follows Duncan
(2021).

For estimation, the model is closed with the following Taylor rule:

it = ρiit−1 + (1− ρi)(φππt + φy(yt − %zt)) + εit,
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Table 1: Calibrated parameters

Parameter Value Data target (Fred ID)

Real interest rate rA 1.83% p.a. 90 day treasury bills (DTB3); Consumer Price
Index: Total All Items (CPALTT01USQ657N)

Leverage, l 0.12 Nonfinancial Business, Gross Value Added
(NNBGAVQ027S; A455RC1Q027SBEA); Non-
financial Business, Net Worth (TNWBSNNB;
TNWMVBSNNCB); DTB3; CPALTT01USQ657N

Equity risk premium, ρ 12.0% p.a. Nonfinancial Business, Net Operating Sur-
plus (NNBBOSQ027S; W326RC1Q027SBEA);
TNWBSNNB; TNWMVBSNNCB; DTB3;
CPALTT01USQ657N

Labour share, LS 0.62 Share of Labour Compensation in GDP
LABSHPUSA156NRUG

Derived parameter Transformation

Time preference, β 0.995 1/(1 + rA/400)

Entrepreneur time preference, βe 0.968 β/ρ

Steady state factor wedge, τ0 0.248 (ρ− 1)/l

Capital production weight, α 0.182 1− LS/(1− τ)

Distribution of consumption, ∆ 0.384 β(1− βe)/(l − β(1− βe))

where % := (1 + ψ)/(γ(1− α) + ψ + α).

G.2.1 Calibrated parameters

We calibrate the steady state risk free real interest rate, leverage ratio, equity risk
premium, and labour share. Calibration targets are presented in Table 1.

The distribution parameter ∆ is not targeted, but can be compared with empiri-
cal estimates. We use the 2019 wave of the University of Michican Panel Study of
Income Dymamics (PSID) to estimate the distribution of consumption between en-
trepreneurs other households. Classifying business owners as households yields an
entrepreneurial consumption ratio of 0.264, while including households with man-
agerial occupations yields an entrepreneurial consumption ratio of 0.470. Our model
predicted value of 0.384 lies within this range.
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G.2.2 Estimated parameters

The model is estimated using GDP deflator growth (Fred: USAGDPDEFQISMEI), out-
put per capita growth (Fred: A939RX0Q048SBEA) and nominal interest rates (Fred:
DTB3) for the US from 1984Q1 to 2019Q4.

Figure 2: Prior (�) and posterior (—) parameter distributions
for the sticky price log-linearised model. Selected parameters.
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Figure 2 presents the prior and posterior distributions, only showing the esti-
mated parameters that remain in the optimal policy programmes studied in Section
5 (parameters relating to the Taylor rule and measurement error shocks are not dis-
played).
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H Derivations of key model equations

H.1 Derivations of Equations 4,5, and 6

The national income identity is

y = wh+ krk + τ̂ y

where wh is the total wage bill, rk is the capital rental rate, k is the stock of cap-
ital, and τ̂ y is defined as factorless income. Factorless income is absorbed by the
entrepreneurs, who own the firms.

The total income of entrepreneurs is therefore

rne(1 + ρ) = rne + τ̂ y,

which, when combined with (4), rearranges to yield

EΘ[R(θ, s)]

1 + r
= 1 + lτ̂ .

Capital rental and labour hiring decisions are made within the period. The en-
trepeneur’s first order conditions for their factor market purchases are

1 =
EΘ[Υ(θ)θfh(k, h)]

w
=

EΘ[Υ(θ)θfk(k, h)]

rk
,

where Υ(θ) =
ue′(ce(θ))

EΘ[ue′(ce(θ))]
. Rearranging, we get

w = E[θ]fh(k, h)(1 + cov(Υ(θ), θ)),

rk = E[θ]fk(k, h)(1 + cov(Υ(θ), θ)).

cov(Υ(θ), θ) is negative, and implies the same wedge across both factor markets,
which must sum to factorless income τ̂ y. It follows that τ = τ̂ = −cov(Υ(θ), θ),
completing the derivation.
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H.2 Derivation of Equation 13

From E5 and E6 we can write

ce

cγ
=
ce−1

cγ−1

βe

β
ρ

We eliminate household consumption using the aggregate demand equation (E1),

( y
ce

− 1
)−γ

ce1−γ =

(
y−1

ce−1

− 1

)−γ

ce−1
1−γ β

e

β
ρ

Using (E2), we re-write entrepreneurial consumption in terms of leverage:(
l − (1− βe)ρ

(1− βe)ρ

)−γ (
(1− βe)ρ

l

)1−γ

y1−γ =

(
l−1 − (1− βe)ρ−1

(1− βe)ρ−1

)−γ (
(1− βe)ρ−1

l−1

)1−γ

y1−γ−1

βe

β
ρ

Rearranging yields the following relationship, linking the dynamic evolution of
leverage, output, and the equity risk premium:(

l

l−1

)γ−1(
l − (1− βe)ρ

l−1 − (1− βe)ρ−1

)−γ

=

(
y

y−1

)γ−1
ρ−1

ρ0
(H1)

Under log utility (γ = 1) the expression simplifies as follows:

l = l−1
ρ0
ρ−1

+ (1− βe)(ρ− ρ0)

Start from Equation H1

0 =

(
y

y−1

)γ−1
ρ−1

ρ0
−
(

l

l−1

)γ−1(
l − (1− βe)ρ

l−1 − (1− βe)ρ−1

)−γ

∂RHS
∂y

= (γ − 1)
1

y

(
y

y−1

)γ−1
ρ−1

ρ0

∂RHS
∂l

=

(
γ

1

l − (1− βe)ρ
− (γ − 1)

1

l

)(
l

l−1

)γ−1(
l − (1− βe)ρ

l−1 − (1− βe)ρ−1

)−γ
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dl

dy
= − l

y

(γ − 1)(l − (1− βe)ρ)

l + (γ − 1)(1− βe)ρ
(13)

H.3 Derivation of Equations 11, 12

We can solve for the path of output in competitive equilibrium. Starting with the
competitive equilibrium labour supply condition under log household utility:

h1−α+ψc = αz(1− τ).

We can use the production function to eliminate h, and the aggregate demand equa-
tion to eliminate c, yielding

(y
z

) 1−α+ψ
α

(y − ce) = αz(1− τ)

Using (E2), we can re-write the expression in terms of leverage:

(y
z

) 1−α+ψ
α
(
y − (1− βe)

yρ

l

)
= αz(1− τ)

Ultimately we derive the following relationship between output, productivity, lever-
age, and the equity risk premium:

y = z

(
αl(1− τ)

l − (1− βe)ρ

) α
1+ψ

(11)

Under the socially optimal wage subsidy regime, we can use Equation C2 to
solve for the path of output:

y = z

αl(1− τ)

(
1 +

τ

1− τ

(
1−

(
l0ρ−lρ0
ρ−1

)
(1−βe)

l0−(1−βe)ρ0

))
l − (1− βe)ρ


α

1+ψ

which simplifies to

y = z

(
αl0

l0 − (1− βe)ρ0

) α
1+ψ

(12)
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I New Keynesian model and proofs

I.1 Overview of principal equations

A full derivation of the model can be found in Duncan, Mainente, and Nolan (2023).
Here we provide some intuition behind the key equations in the New Keynesian
version of our model.

I.1.1 The IS curve

To construct the IS curve, we start with the standard consumption Euler condition
for the household sector

ct = Et [ct+1]−
1

γ
rt

where rt := it−Etπt+1 is the real interest rate, and γ is the inverse of the intertem-
poral elasticity of substitution.

To write the Euler condition in terms of output, we need to incorporate the ex-
pected change in the household’s consumption share of output.

E[∆ct+1] = E[∆yt+1]︸ ︷︷ ︸
Expected change in output

+ ω(1− ϕ)E[∆lt+1]− ωϕE[∆σt+1]︸ ︷︷ ︸
Expected change in household’s consumption share of output

Combining this condition with our consumption Euler equation, we can derive the
following IS curve, which relates output to the real interest rate, the expected change
in output, financial uncertainty, and leverage:

yt = E[yt+1]−
1

γ
rt + ω(1− ϕ)Et[∆lt+1]− ωϕEt[∆σt+1], (15)

I.1.2 The Phillips curve

Entrepreneurs produce an undifferentiated intermediate good, which in turn is sold
at competitive producer prices ppt. There exists a retail sector who purchases this
intermediate good, produces a differentiated final good, and sells it to households.
The retail sector is monopolistically competitive, and therefore sets a markup over
the intermediate good price. The retail sector does not itself incur production costs,
but is subject to Calvo-type pricing frictions.
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Producer prices constitute the marginal costs of the entrepreneurial sector, in-
clusive of any risk premia that are increasing in production. As in the standard New
Keynesian model, as output increases, household consumption increases, reducing
labour supply for every wage rate, and the marginal product of labour falls. The
sum of these two effects constitute the benchmark model marginal costs in Equation
18. Household consumption also moves independently of output as a result of fluc-
tuations in leverage and uncertainty, which affect the distribution of consumption
between households and entrepreneurs. This is the consumption inequality wealth
effect in Equation 18. Finally, the labour wedge in Equation 18 captures the effect
of increased production or increased uncertainty on the residual risk borne by en-
trepreneurs as a result of partial idiosyncratic risk sharing. This labour wedge term
may appear as a markup over production marginal costs, but it reflects the competi-
tively priced marginal cost of increased risk bearing.

ppt =
(
γ + ϕ+α

1−α

)
xt − 1+ϕ

1−α zt︸ ︷︷ ︸
benchmark model marginal costs

+ γω(1− ϕ)lt − γωϕσt︸ ︷︷ ︸
consumption inequality wealth effect

+ τt︸︷︷︸
labour wedge

− ςt︸︷︷︸
wage subsidy

.

(18)

I.1.3 The leverage curve

The leverage curve is unchanged from the flexible price model up to log-linearisation.

I.2 Proofs

Proof of Proposition 3.
We adopt the following Taylor rule

it = φππt

which we substitute directly into the IS-curve in the wage subsidy policymaker’s
problem:

Programme 1 The planner’s problem can be expressed as follows
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max
y,l,π,ς

E
∞∑
t=0

βt
1

2


(1 + ∆) ελπ

2
t + (γ − 1 + (1 + ∆)χ) y2t − 2(1 + ∆)χytzt

+∆(ζ − ϕ)
(
(1− ϕ)l2t − 2ϕltσt

)
+2∆(γ − 1) ((1− ϕ)ytlt − ϕytσt)

+∆κlll
2
t + 2∆κlσltσt


+ βtΛ1t [(ζ + γ − 1)(yt − yt+1) + ζ(φππt − πt+1) + (ζ − 1)ϕlt + γ∆ϕ(ρσ − ϕ)σt]

+ βtΛ2t [πt − βπt+1 − λ (χ+ γ − 1) yt + λχzt + λςt − λ(ζ + θl − 1)lt − λ(θσ − γ∆ν)σt]

+ βtΛ3t [ζlt − (ζ − ϕ) lt−1 − γ∆ϕσt + (1 + γ∆)ϕσt−1 + (γ − 1)(yt − yt−1)]

where ζ = 1 + ωγ(1 − ϕ). Under log utility (γ = 1), the first order necessary
conditions of Programme 4 can be expressed as follows:

0 = (1 + ∆)
ε

λ
πt + Λ1tζφπ − Λ1t−1

β
ζ

0 = (1 + ∆)χyt − (1 + ∆)χzt + ζΛ1t − ζ
Λ1t−1

β

Combining the first order conditions above and eliminating Λ1 yields the follow-
ing optimality condition:

ε

λχ
(βπt − πt−1) = βφπ (yt − zt)− (yt−1 − zt−1) (??)

Combining with the equilibrium conditions yields the following characterisation
of optimal policy. First, the optimal path of inflation follows

πt = µπt−1 + st (eqn:inflation-wagesubsidy-taylor)

ςt = −µ
(
λχ

φπ − µ

1− µ
+ (1− βµ)

)
πt−1 + ut (eqn:inflation-wagesubsidy-taylor)

where st, ut are functions of current period shocks and leverage (which is indepen-
dent of policy under log utility), increasing in the cost-push and aggregate demand
components of those shocks.

Proof of Remark 1.
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Programme 2 The planner’s problem is expressed as follows

max
y,l,π,i,ς

E
∞∑
t=0

βt
1

2


(1 + ∆) ελπ

2
t + (γ − 1 + (1 + ∆)χ) y2t − 2(1 + ∆)χytzt

+∆(ζ − ϕ)
(
(1− ϕ)l2t − 2ϕltσt

)
+2∆(γ − 1) ((1− ϕ)ytlt − ϕytσt)

+∆κlll
2
t + 2∆κlσltσt


+ βtΛ1t [(ζ + γ − 1)(yt − yt+1) + ζ(it − πt+1) + (ζ − 1)ϕlt + γ∆ϕ(ρσ − ϕ)σt]

+ βtΛ2t [πt − βπt+1 − λ (χ+ γ − 1) yt + χzt + λςt − λ(ζ + θl − 1)lt − λ(θσ − γ∆ν)σt]

+ βtΛ3t [ζlt − (ζ − ϕ) lt−1 − γ∆ϕσt + (1 + γ∆)ϕσt−1 + (γ − 1)(yt − yt−1)]

From inspection of the programme above, we can see that π∗ = 0 (Remark 1).

I.3 Monetary policy only

This section solves for optimal monetary policy under commitment, in the absence
of wage subsidy policy. The resulting optimality conditions are used to generate the
impulse responses under optimal monetary policy only in Figure 8.

Programme 3 The planner’s problem is expressed as follows

max
y,l,π

E
∞∑
t=0

βt
1

2


(1 + ∆) ελπ

2
t + (γ − 1 + (1 + ∆)χ) y2t − 2(1 + ∆)χytzt

+∆(ζ − ϕ)
(
(1− ϕ)l2t − 2ϕltσt

)
+2∆(γ − 1) ((1− ϕ)ytlt − ϕytσt)

+∆κlll
2
t + 2∆κlσltσt


+ βtΛ1t [πt − βπt+1 − λ (χ+ γ − 1) yt + χzt − λ(ζ + θl − 1)lt − λ(θσ − γ∆ν)σt]

+ βtΛ2t [ζlt − (ζ − ϕ) lt−1 − γ∆ϕσt + (1 + γ∆)ϕσt−1 + (γ − 1)(yt − yt−1)]
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The first order conditions are

y : 0 = (γ − 1 + (1 + ∆)χ) yt − (1 + ∆)χzt +∆(γ − 1)(1− ϕ)lt −∆(γ − 1)ϕσt

− λ (χ+ γ − 1)Λ1t + (γ − 1)(Λ2t − βEtΛ2t+1)

π : 0 = (1 + ∆)
ε

λ
πt + Λ1t − Λ1t−1

l : 0 = ∆(γ − 1)(1− ϕ)yt +∆[(ζ − ϕ)(1− ϕ) + κll]lt −∆[(ζ − ϕ)ϕ− κlσ]σt

− λ(ζ + θl − 1)Λ1t + ζΛ2t − β(ζ − ϕ)EtΛ2t+1

I.4 Optimal policy under discretion

We adopt the following Taylor rule

it = φππt

which we substitute directly into the IS-curve in the wage subsidy policymaker’s
problem:

Programme 4 The planner’s problem is expressed as follows

max
y,l,π,ς

E
∞∑
t=0

βt
1

2


(1 + ∆) ελπ

2
t + (γ − 1 + (1 + ∆)χ) y2t − 2(1 + ∆)χytzt

+∆(ζ − ϕ)
(
(1− ϕ)l2t − 2ϕltσt

)
+2∆(γ − 1) ((1− ϕ)ytlt − ϕytσt)

+∆κlll
2
t + 2∆κlσltσt


+ βtΛ1t [(ζ + γ − 1)(yt − ye) + ζ(φππt − πe) + (ζ − 1)ϕlt + γ∆ϕ(ρσ − ϕ)σt]

+ βtΛ2t [πt − βπe − λ (χ+ γ − 1) yt + λχzt + λςt − λ(ζ + θl − 1)lt − λ(θσ − γ∆ν)σt]

+ βtΛ3t

[
lt + ne + (πet−1 − πt)− yt

]
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π : 0 = (1 + ∆)
ε

λ
πt + Λ1tζφπ + Λ2t − Λ3t

y : 0 = (γ − 1 + (1 + ∆)χ) yt − (1 + ∆)χzt +∆(γ − 1) ((1− ϕ)lt − ϕσt)

+ (ζ + γ − 1)Λ1t − λ (χ+ γ − 1)Λ2t − Λ3t

l : 0 = ∆(ζ − ϕ) ((1− ϕ)lt − ϕσt) + ∆(γ − 1) ((1− ϕ)yt) + ∆κlllt +∆κlσσt

+ (ζ − 1)ϕΛ1t − λ(ζ + θl − 1)Λ2t + Λ3t

ς : 0 = Λ2t

Let γ = 1. We can solve the above system to yield the following expression for
optimal output:

yt = zt +

(
1 + µ

φπ + µ

)
ε

χλ
πt

− ∆

(1 + ∆)χ

(
φπ − 1

φπ + µ

)
[(κll + (ζ − ϕ)(1− ϕ)) lt + (κlσ − (ζ − ϕ)ϕ)σt]

(??)

where µ :=
(
ζ−1
ζ

)
ϕ.
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J Supplementary figures

J.1 Supplementary economic crisis figures

Figure 3 presents supplementary panels for Figure 6. The first panel shows the paths
of real output in the benchmark and wage subsidy policy economies rebased such
that the plots show deviations from the onset of the shock, in order to help illustrate
the difference between peak-to-trough changes in output under the two rules.

The second panel shows the paths of the factor wedge τ , the wedge of inefficiency
that reduces factor rental prices below their expected marginal products.

The third panel presents the ratio of the paths of marginal utility for the two
groups of agents in the economy. This is the endogenous state variable in the econ-
omy, and it’s persistent path reflects the risk sharing generated by the trade in secu-
rities contingent on aggregate states. 20 quarters after the onset of the crisis, while
the deviation of real output from it’s pre-crisis level has approximately halved, the
ratio of marginal utilities is approximately at its trough. This shows that the pain of
economic crises experienced by the representative worker household persists much
longer than the recession itself.

J.2 Nonlinear model impulse response functions

Figures 4 and 5 present impulse responses for our nonlinear model. Both figures
present a 2 standard deviation recessionary shock. For each shock and policy func-
tion, we draw 200 000 draws from the joint posterior and ergodic distributions of
the model, and take the mean values of responses.
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Figure 3: Economic crises with and without wage subsidy simple rules
Mean deviations from deterministic steady-state values reported

(unless otherwise stated).
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Figure 4: Impulse response functions.
2 standard deviation negative technology shock. Mean responses across posterior

and initial conditions. Log points deviation from onset.
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K Bank model and proofs

In this Appendix we describe a model where the financial friction lies between
households and banks, who issue non-contingent deposits. Banks combine this
deposit funding with equity to fund state contingent loans to firms, who have a
risky production technology. There is no information asymmetry between banks
and firms, but banks are matched with individual firms, and cannot diversify their
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Figure 5: Impulse response functions.
2 standard deviation positive uncertainty shock. Mean responses across posterior

and initial conditions. Log points deviation from onset.
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loans across firms. This leaves banks with residual risk, to which they are averse.
There is a risk premium charged by banks that increases when bank net worth is low,
or when productive uncertainty is high.

Banks and households can allocate aggregate risk between periods, as in our
benchmark model. Also, as in our benchmark model, the high risk associated with
high returns in downturns discourages banks from insuring their balance sheets
against recessionary risks, ultimately leading to countercyclical levarage, and tight-
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ened lending conditions in downturns, and a macroprudential externality.
In the passages below, we show a countercyclical wage subsidy can increase wel-

fare in this environment, despite the absence of a labour wedge in the competitive
equilibrium allocations in the model, and despite the fact that banks do not directly
hire labour. Banks still benefit from the pecuniary externality of the wage subsidy,
which increases the marginal value of bank equity in downturns, and ex ante encour-
ages banks to adjust their risk profile to ensure that they have additional equity in
periods when the wage subsidy is positive.

K.1 Banks and productive firms

Each banker, superscript b, starts with net worth nb, and combines this with loans
from the household to fund an investment in a single productive firm with idiosyn-
cratic productivity θ.

Productive firms, owned by households, fund purchases of capital k with loans
from banks. They then draw productivity draw θ, which is drawn from a distribution
with E[θ] = 1. Upon realisation of θ, the productive firm hires employees, equating
their marginal product with the market wage rate

w = θα

(
k

h

)1−α

.

Firm specific labour demand is

h(θ) =

(
θα

w

) 1
1−α

.

We can derive aggregate output and labour demand as follows:

y =

∫
θh(θ)α dG(θ)

=
(α
w

) α
1−α
∫
θ

1
1−α dG(θ)
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h̄ =

∫
h(θ) dG(θ)

=
(α
w

) 1
1−α
∫
θ

1
1−α dG(θ)

Combining yields the following aggregate production function

y = hα
[∫

θ
1

1−αdG(θ)

]1−α
Productive firms are competitive in factor and product markets, and their matched

bank can observe their true productivity without cost. In equilibrium, the payment
disbursed from a firm with productivity draw θ to their matched bank is

bRk(θ) = (1− α)θh(θ)α

bRk(θ) = (1− α)
(α
w

) α
1−α

θ
1

1−α

where b denotes the amount of funds lent to the firm by their matched bank.
Ultimately, the risk of fluctuations in θ is borne by the matched bank, who re-

ceives a high loan repayment when θ is high, and a low loan repayment when θ
is low. Loan repayments to banks are not observable to depositors, and depositors
don’t have access to any audit technology. Banks offer a non-contingent deposit
product, with bankers accepting the residual risk.

The opportunity cost of risky loans to firms is the risk free rate,

EθRk(θ)ub
′
(cb(θ)) = (1 + r)Eθub

′
(cb(θ)).

It follows that the equity risk premium is

ρ = 1− covθ

(
Rk(θ)

1 + r
,
ub

′
(cb(θ))

Eθub′(cb(θ))

)
.

Note that
cb(θ) = (1− βb)

[
b
(
Rk(θ)− (1 + r)

)
+ nb

]
.
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When the bank’s net worth nb is low, or the volatility of θ is high, individual bankers’
consumption is more sensitive to realised productivity outturns, and the equity risk
premium increases. Ultimately this generates a tightening of lending conditions and
a decrease in output during periods of high uncertainty, or low bank net worth.

Banks enjoy consumption with log utility and their intertemporal problem is
isomorphic to that of the entrepreneurs described in Subsection 1.1.

K.2 Households

Worker households enjoy consumption with log utility, and dislike labour effort with
constant inverse Frisch elasticity ψ.

u(c, h) = log c− h1+ψ

1 + ψ
.

Households’ intertemporal problem is unchanged from that described in Sub-
section 1.2.

K.3 Equilibrium

From the above, the following system of equations determined competitive equilib-
rium allocations:

hψ =
w

c
(labour supply)

y = c+ cb (aggregate demand)

αy = wh (labour demand)

y = θ̂hα (production)

where

θ̂ :=

[∫
θ

1
1−αdG(θ)

]1−α
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Let ∆b := cb

y
. From the equations above we can solve for equilibrium hours

h =

(
α

1−∆b

) 1
1+ψ

and output

y = θ̂

(
α

1−∆b

) α
1+ψ

,

or

y = θ̂

(
αlb

lb − (1− βb)ρ

) α
1+ψ

(K1)

for appropriately defined risk-adjusted leverage measure lb := y
nb

. Note that in this
bank model, it is easier than in our benchmark model to shift between risk adjusted
leverage lb and balance-sheet measures of leverage:

lb =
ρ

1− α

b

qb
,

where b
qb

is the ratio of the face value of bank loans to bank net worth (equity).
Equation K1 is very similar to Equation 11, which described the competitive

equilibrium path of output in our benchmark model given the same parameter re-
strictions on households. The main difference between the two is that in the bank
model, the labour wedge no longer remains, as productive firms now hire labour af-
ter observing their realised productivity and therefore do not mark down wages by
a risk premium. There is also an efficiency wedge θ̂ in the bank model that derives
from the misallocation of capital, arising from the fact that firms rent capital before
realising their productivity.

The steps of Proposition 1 also follow directly in the bank model. The path of
output under optimal wage subsidies follows

y = θ̂

(
αlb0

lb0 − (1− βb)ρ0

) α
1+ψ

(K2)

Again, Equation K2 is very similar to Equation 12, which described the path of out-
put under optimal wage subsidies for our benchmark model. Comparing Equations
K1 and K2, we can see that the optimal wage subsidy increases in bank leverage.
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In contrast with our benchmark model, in our bank model the steady state optimal
wage subsidy is zero.

While banks don’t hire labour in this model, the marginal value of bank net worth
is still increasing in labour supply. The capital goods owned and intermediated by
banks are complements to labour. Wage subsidies increase labour supply and banks
anticipating future wage subsidies will adjust their risk taking to ensure that they
have more equity in periods with a positive wage subsidy, all else equal.

K.4 Closing the model

To close the model, we need to specify a distribution for θ. Perhaps the simplest
approach is to set

θ =

{
θ̄ with probability π,
0 otherwise.

Firms who receive low draws have zero productivity. We interpret this as default.
In this case, θ̂ becomes π1−αθ̄. By allowing variation in both π and θ̄, it remains
possible to capture fluctuations in uncertainty and aggregate total factor productivity.
From the fundamental theorem of asset pricing,

1 = E

[(
Rk(θ)

1 + r

)(
ub

′
(cb(θ))

Eθub′(cb(θ))

)]
,

and the banker’s optimal consumption plan,

cb(θ) = (1− βb)qb
[
b

qb
Rk(θ) +

(
1− b

qb

)
(1 + r)

]
,

we can solve for banker leverage and returns:

lb =
ρ

1− α

π(ρ− 1)

ρ− π
. (K3)

Note that Equation K3 does not contain θ̄ which acts as a productivity shifter in this
model. It is best to think of a decrease in the probability of project success π (or
an increase in the probability of default 1− π) as representing an uncertainty shock
in this model, and it is clear from Equation K3 that such a shock would increase
the equity risk premium for every level of leverage, similar to an uncertainty shock
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in our benchmark model. From the equilibrium in intertemporal risk sharing (see
Equation 3) we have

cb

c
=

ρ

ρ0

cb−1

c−1

which can be solved for current and previous period leverage and equity risk premia:

lb =
ρ0
ρ−1

lb−1 + (1− βb)(ρ− ρ0) (K4)

Combining Equations K1, K3, and K4 yields a three equation dynamic model.
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