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Introduction

During the Panic of 1857, the Bank of England instructed clerks in their Newcastle
branch to lend “to concerns employing large numbers of hands, to the extent re-
quired for the payment of wages,” even upon securities “not of a strictly Banking
character” (Bank of England, 1858, Entry: 26 November 1857). The extension of
irregular credit to support wage bill payments of local businesses followed the deci-
sion to refuse credit to the troubled Northumberland and Durham Bank, despite the
assessment that the bank did hold sufficient pledgeable high quality but illiquid bills,
and that their unmanaged failure would generate significant wider costs. In their ev-
idence to the Select Committee on the Bank Acts, the Bank justified their decision
to refuse credit to Northumberland and Durham, even for a managed liquidation, by
appealing to moral hazard concerns. Northumberland and Durham had borrowed
from the Bank in 1847; they had taken imprudent risks overexposing themselves to
a single creditor; they attempted to put pressure on the Bank by appealing to the
wider economic damage that might result from their failure (UK House of Com-
mons, 1858).

The Bank sought to have it both ways: to support the economy in crisis while
leaning against moral hazard. In this paper, we show that it is possible to have it both
ways. Stimulus in crises doesn’t need to exacerbate moral hazard in expansions; it
can even reduce it. Wage subsidies in particular are a form of what we call prudential
fiscal stimulus: ex post stimulus that encourages ex ante prudence.

Prudential fiscal stimulus policies increase welfare even in the absence of aggre-
gate demand externalities. In our benchmark model, stimulus policies are pruden-
tial 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 complement to firms’ inside wealth (en-
trepreneurs’ own equity capital), 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 a banking extension of our model, 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; in-
stead of blunting beneficial precaution, the wage subsidy boosts productive capacity
in downturns by encouraging firms (banks) in good times to accumulate more inside
wealth than they otherwise would.

Wage subsidies are not the only prudential fiscal stimulus policy in our model.
Our focus on wage subsidies is motivated in part by 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.!

Figure 1: Countries with new or existing wage subsidy schemes

during the Covid-19 pandemic
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Sources: The International Labour Organization 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.

'By 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. ~Schemes
varied substantially across countries in terms of duration, 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.



Model overview and intuition

Our model examines how financial frictions affect entrepreneurial risk-bearing and
the role of fiscal policy in mitigating these risks. These frictions force entrepreneurs
to bear residual project risk but do not preclude trade in aggregate risk with house-
holds.

During periods of financial stress, entrepreneurs’ inside wealth earns high ex-
pected returns with increased uncertainty. This increased risk results in entrepreneurs
discounting the associated high returns, damping the market’s signal to recapitalise.
Ex ante, entrepreneurs accept a larger share of aggregate risk in competitive allo-
cations than in constrained efficient allocations. This distortion motivates a role for
macroprudential policy to internalize the social costs of fluctuations in firm leverage.

In the absence of optimal macroprudential policies, ex post interventions that
increase the marginal value of entrepreneurial wealth during downturns can restore
incentives for ex ante entrepreneurial prudence. A countercyclical wage subsidy
serves this purpose.

Our analysis focuses on the incentive effects of fiscal policy, ensuring that policy
interventions do not merely replicate markets that private agents would wish to trade
in but cannot due to ad-hoc market closures. By addressing these financial frictions
and their implications, we demonstrate how prudential fiscal stimulus can enhance
overall economic efficiency.

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). This model
provides a tractable foundation for the optimality of standard debt contracts without
the need for additional market incompleteness that doesn’t necessarily follow from
information asymmetries. 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 ex-
pected welfare costs of business cycles by 20 percent relative to the laissez-faire
counterfactual. Expected welfare gains are larger for parameterisations where more
of the amplitude and persistence of fluctuations is due to financial frictions rather
than the underlying shocks.

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. In Section 4.2 we impose a constant labour tax. This
increases the optimal size of wage subsidies and the resulting welfare gains. In
Section 5 we introduce New Keynesian price rigidities. This generate a time varying
labour market wedge of inefficiency. We demonstrate that wage subsidies are part
of the efficient policy response to shocks.

In our flexible price model, prudential fiscal stimulus is not time consistent.
When the downturn arrives, policymakers have no incentive to introduce a dis-
tortionary stimulus policy. Under sticky prices, aggregate demand externalities in
downturns can restore the time consistency of stimulus policies, even if the welfare
gains from the stimulus are still largely driven by their prudential effects. 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). In our New Key-
nesian model, the rational expectation of prudential fiscal stimulus increases the
efficiency impact of the stimulus, through the resulting increase in retained earnings

during expansions.

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
technology that generates stochastic output from labour and capital, where the ag-

gregate capital stock is fixed at unity. Entrepreneurs and households both have risk



averse preferences with respect to consumption—although the extent of risk aver-
sion is allowed to differ across groups in our quantitative analysis.

An individual entrepreneur’s production y is subject to idiosyncratic shocks,
y¢ = 0z(k®)'=*(h®)™ where 0 is a privately observed individual-specific shock,
z is a common total factor productivity shock, and k¢, h¢ are the quantities of cap-
ital and labour employed by the individual entrepreneur. The shock 6 takes values
{6, 0} with mean one and § > @, where the probabilities P(f) are fixed but the dif-
ference § — @ is time varying in response to a common knowledge risk shock. Ag-
gregate production is given by y = zh®. 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 mar-
kets 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 ag-
gregate 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, subsequent to the realisation of individual-

specific states (0,1), an individual entrepreneur solves the following problem:

v°(¢°) = max E{logc® + B°(¢”)}

xe’ce 7qe/



subject to the resource constraint,

¢ = R(0,9)¢° — ¢ — / p(s)x®(s)ds + 2°(s'),
ses
where R(0,1) describes the return to an entrepreneur’s inside wealth q°, conditional
upon individual-specific states § and ). The mapping R is determined by the optimal

within-period financial contract, solved in Programme 2.

For clarity on timing, ¢° denotes wealth after all aggregate and idiosyncratic
uncertainty in period ¢ has been resolved, while ¢*’ denotes wealth after period ¢ + 1
aggregate and idiosyncratic uncertainty is resolved. The expectation [E is formed in
period ¢ over the realisations of aggregate and individual specific states in periods
t+1,t+2,.... Trade in aggregate risk markets is captured by the quantities z¢(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(0,9) = arg max Eo log R(0,7)
subject to the capital constraint,

Qk,e — qe + be’



the truth-telling constraint,
R(0,9)q" + (6 — 0)2(k)'~*(h*)* < R(8,0)q", (1
and the lenders’ breakeven constraint,

3" P(9,9) (0=(k)(h)* — (R(0,0) — 1)g°) = wh + ¢ + P(O)xk*. (2)
(6,9)

where the expectation Eg is formed before the current period realisation of individ-

ual specific shocks 6, 7.

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
entrepreneur from households. Equation 1 is the incentive compatibility constraint.
R(6,7)q° denotes the gross income received by an entrepreneur whose productivity
shock is wrongly revealed to be the high type. R(6,}))¢® 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 # as well as any audit signal obtained
by the household (or bank), ¢ € {9, 5}. Audit signals are distributed as follows:
P(¥]0) = 1,P(9]|0) € (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, rb¢ plus expected audit costs, P(0)x K, where kK is the cost of each audit
for some constant «. 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
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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,
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(g) = max E{u(c,h) + ()}

!
z,c,h,q

subject to

¢ =(1+7r)g+wh—c-— / p(s)z(s)ds + x(s")

ses
Household utility is defined over consumption and labour, ~. Households supply
labour and use the income gained along with accumulated wealth, ¢, 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.
z°(s)+z(s) =0 Vs e S.

1.4 Intertemporal risk sharing

Intuitively, the equity risk premium creates a wedge in aggregate risk sharing: High
expected equity returns would normally attract capital to entrepreneurs through ag-
gregate risk markets. However, these high returns merely compensate for idiosyn-
cratic risk. Entrepreneurs heavily discount such risky returns during downturns,
preventing aggregate risk markets from fully recapitalizing firms.

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

sharing condition

Beu () EoR(0,0)  u”(c?)
B () 1+r  a(cy)’
where Eg[R(6,1)]/(1 + r) denotes the gross equity risk premium within the period,

3)

and c° is the aggregate consumption of entrepreneurs. In the absence of individual
specific risk, Equation 3 would collapse to the traditional perfect risk sharing con-
dition (B°u®(c°)/(Bu'(c)) = u(¢%,)/u/(c_1)). The equity risk premium is equal
to the difference between entrepreneurs’ expected consumption marginal utility and
the marginal utility of expected entrepreneurial consumption. 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.? 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 derived from the optimal external financing con-
tract, considering costly state verification, audit errors, and risk-averse agents. The
firm/entrepreneur and the household agree on a contract that is incentive-compatible
and penalizes the entrepreneur if found lying. This can be costly if a truthful report
of low productivity is erroneously overturned. The contract also satisfies a partici-
pation constraint for the household. To attract household investment, entrepreneurs
need to offer an expected return greater than r and cover expected audit costs. Due
to the entrepreneur’s risk aversion, a financial wedge emerges from the covariation
of the entrepreneur’s marginal utility and firm outcomes. This wedge increases with
both firm-specific uncertainty and leverage. It affects the demand for labour and
capital and also increases the equity risk premium. The derivations of (4,5,6) are

contained in Appendix G.

Leverage is defined as the ratio of expected entrepreneurial production to the op-

portunity cost of entrepreneurial wealth.

Y

=4
(1+7r)ge

4
where y denotes aggregate income, y = zh®. For an individual entrepreneur, an
increase in either capital or labour inputs contributes to leverage. At the aggregate

level, given fixed capital, leverage is increasing in aggregate labor employment. This

%In 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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risk-adjusted leverage measure captures how an increase in production increases the
residual risk borne by entrepreneurs, since labor costs must be paid regardless of the

idiosyncratic productivity outcome.

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 leverage ratio [, a measure of the scarcity of entrepreneurial wealth, and a risk

premium 7 that compensates for the undiversifiable component of inside wealth.

p=1+Ir (5)

—covg (u'(c4(9)), 0) .

where 7 = B[ (c*(0))]

Wages differ from the expected marginal product of labour by the wedge of ineffi-
ciency 7, reflecting the marginal increase in residual risk borne by the entrepreneur

resulting from an increase in labour hired,
w=E[f)f'(h)(1 - 7). ©)

1.6 The effect of wage subsidies on entrepreneurial risk taking

To demonstrate the interaction between wage subsidies and the allocation of aggre-
gate risk, consider Figure 2. It presents a partial equilibrium analysis of the effect of
countercyclical wage subsidies on an individual firm’s risk-taking. The firm starts
at z, y, and u in panels (a), (b), and (c) respectively, taking wages as given. Con-
sider a firm with access to aggregate 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. Thus, a small decrease in the firm’s
risk-taking before the realization of expansion or recession would shift the firm’s
labour demand from LD to LD’. This results in an increase in labour demand if
the economy enters a recession and a decrease if it enters an expansion. The firm’s

allocation of risk is optimal before the realisation of the aggregate economic state if
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Figure 2: Countercyclical wage subsidies and firm risk taking.
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The diagrams represent the partial equilibrium effects on the labour market of the introduction of a
countercyclical wage subsidy (LS to LS’), which motivates a decrease in firm risk taking (LD to
LD'"). The key insight is that countercyclical wage subsidies increase the value of firm wealth in
recessions (panel a), making firms willing to purchase more recession insurance ex ante (panel c),
moving from indifference curve [ to I'.

they value areas C' + D = A after adjusting for their marginal rate of substitution
across expansions and recessions.

Let the policymaker introduce a wage subsidy (tax) upon realisation of a reces-
sion (expansion), shifting labour supply from LS to LS’. A small decrease in the

firm’s risk taking increases surplus by A + B in recession, strictly greater than the

12



decrease C in expansion. The value of wealth carried forward into the recession
state has increased 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 reflects the relative market prices of Arrow securities contingent on the re-
alisation of expansion and recession states reflectively. Ultimately, the firm reduces

their risk taking, moving from u to v.

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 quantitative relationships
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 following Duncan
and Nolan (2019). Importantly, this environment generates tractable standard debt
contracts as privately optimal, even when lenders can commit ex ante to ex post mon-
itoring strategies, and even when the lender has access to lotteries, and without any
limited liability constraints. This ensures that we can interpret welfare gains from
policy as reductions in the efficiency costs of moral hazard, rather than reducing the
private costs faced by agents constrained by a specific contractual form.?

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

reduced-form pledgeability constraints, which are unlikely to be robust to the policy

3Under perfect and deterministic audits, the environment would be that of Townsend (1979).
Townsend noted that a better contract might employ a stochastic auditing schedule and this was
confirmed by Border 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 entrepreneurs and audits that are
imperfect and may wrongly indicate productivity draws, Duncan and Nolan (2019) show that once
more debt contracts can be optimal. Equity-like contracts provide more insurance across productivity
draws, but given imperfect audits may make a bad situation worse for a borrower with a genuine low
productivity draw. Duncan and Nolan (2019) discuss in detail the literature and other requirements
for the optimality of debt contracts in their imperfect audits csv model and fits the model to US data.
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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 [ and idiosyn-
cratic risk o to the factor price wedge 7. 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 Appendix C, 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

I ‘ ‘ U Model filtered data
. — 0 = 6o exp(+10%)
- - B
P 0.18 "=- 0 = Gy exp(—10%)
2 0.16|
ks
8.0.14 |
g
Q
S 0.12
0.1
! L ‘

| |
0.4 0.45 0.5 0.55 0.6
leverage [

Notes: The dotted series presents the values for leverage and the factor price wedge that consistent
with observed US data, filtered through equations (4) and (6). The solid, dashed, and dash-dotted
schedules represent the relationship between leverage and the factor price wedge for different levels
of idiosyncratic risk, given by Equation 7. All values are computed using a calibrated parameter
vector. The parameter 6 represents the steady state level of idiosyncratic risk.

(T +zn)T

= (o —7)(zno + 1)

(7

Here o is proportional to the standard deviation of idiosyncratic productivity

risk, and as before, 7 is the probability of a low draw of that risk, and 7 is the
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probability of a high draw. Finally, 7 is the probability of a Type-1 audit error; that
is failing correctly to identify an entrepreneur who is truly low productivity. We
allow o to vary exogenously as a mean-preserving spread shock to idiosyncratic
productivity risk.

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 example, hidden actions or costly state falsification) would mean re-
placing Equation 7, and the consumption growth equations (E1,E2) in the appendix
required for welfare calculations. No further changes to model equations are neces-

sary.

3 Optimal wage subsidy policy under log household utility

We first characterize optimal policy under log utility for households, which provides
analytical tractability. This restrictive case yields closed-form solutions and clear
intuition; we relax this assumption in our quantitative analysis (Section 4).

The policymaker weights the welfare of the representative household by p, and
the value of the representative entrepreneur by p°. The representative entrepreneur
begins at time zero with wealth equal to mean entrepreneurial wealth. Social welfare
v® is defined as follows:*

V¥ = pv 4 pco° (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
interpreted as Negishi (1960) weights. Full details of the welfare calculations in our
quantitative analysis can be found in Appendix E.

The representative household’s consumption leisure trade-off becomes

= w(l+) 9)

Uc

“We 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 ;¢ would then correspond to the Lagrange multiplier
on the entrepreneurs’ participation constraint.
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The wage subsidy ¢ is funded by lump sum taxes, paid by the household sector. The

household sector’s budget constraint becomes

¢=0+r)qg+wh(l+c)—c— / p(s)z(s)ds +x(s') — T.

seS

The policymaker faces the balanced budget constraint
T = whg.

Proposition 1 Assume the following utility functions:

hl-H/J

—_—, u®(c®) = log c*.
1o (¢°) = log

u(c,h) =loge —

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

. T lop — lpo (1—-p°

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 B.
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=2 (—a“l‘ﬂ)p)”w. (an

[—(1—pe
Under the optimal wage subsidy, real output follows
Oélo ) 4y
= (=i

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
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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

Optimal wage subsidies are time inconsistent (Proposition 2). In our model, wage
subsidies impact the economy through two channels: (1) an ex-ante prudential ef-
fect (encouraging firms to accumulate wealth before downturns) and (2) an ex-post
distortionary effect (reducing labor market efficiency during downturns). A discre-
tionary policymaker in a downturn only experiences the costs of (2) without the

benefits of (1), since firms’ wealth accumulation decisions are already sunk.

Proposition 2 Assume the risk free real interest rate r is fixed. Under discretion,

the optimal wage subsidy is zero in all periods.’

As is demonstrated in Section 5, commitment to wage subsidy policies is less
important when the economy suffers from aggregate demand externalities. Under
sticky price settings, the ex-post distortionary effects of wage subsidies can be a
net-benefit. This helps to ameliorate the time-inconsistency problem. It is shown
there that a wage subsidy policy response is part of the optimal policy response to a

recessionary shock under discretion.

>Note 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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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—Ileverage 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 (y > 1), leverage is decreasing in
current period output, generating a financial accelerator effect in response to TFP
(and other) shocks.

d_ L (y=1)0-(1-5)) (13)

dy  y I+ (y—1(1—p)p

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.

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

¢ =—b(y — o), (14)

where 1, 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-
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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.
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).

Figure 4 shows the welfare gains resulting from wage subsidy simple rules, us-
ing our parameter estimates described in Appendix F. The persistence of the TFP
shock affects the welfare assessment of subsidies. For our estimated parameters,
a wage subsidy rule with coefficient . = 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, p., and the welfare gain from the

associated optimal wage subsidy simple rule, for a sample of parameter draws from
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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.

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

estimates and generate model simulated data. From the simulated data, we extract
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Figure 5: Simple rule welfare gains and the persistence of TFP
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Notes: Each dot represents a sample drawn from the posterior of the estimated model. Given the
associated vector of parameter values, the optimal wage subsidy simple rule is computed, and the for
the optimal simple rule, the coefficient of the wage subsidy simple rule on output, and the associated
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.

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 ¢, = 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-

fined as the ratio of output to the opportunity cost of net worth. For wage subsidies
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Figure 6: Economic crises with and without wage subsidy simple rules
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dashed series, extracting periods that were identified as crises under the benchmark regime.
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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 7 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.°

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.

4.2 Distorted labour markets: Dixit’s critique

So far, our analysis assumes undistorted labour markets where wage subsidies gen-
erate only second-order costs. Labour markets are typically highly distorted; the
introduction of additional wage subsidies and taxes generates first order rather than
second order costs. This can potentially overturn the optimality of interventions

targeted at alleviating moral hazard costs (Dixit, 2003).

Given wage subsidy ¢, the labour wedge becomes

—Up,

~wEpm TS
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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 worker’ and is in the ballpark of some
of the estimates for the US over a long run of data calculated by Mulligan (2002).2
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, ¢,
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

The flexible-price model demonstrates that prudential wage subsidies improve wel-
fare but face a severe time-inconsistency problem. We now introduce nominal rigidi-
ties for two reasons: First, to verify our results are robust to realistic time-varying
labor market distortions (Dixit’s critique). Second, and more importantly, to show
that aggregate demand externalities partially resolve the time-inconsistency prob-
lem, making commitment less critical for policy effectiveness. 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 Nolan (2023).
Countercyclical wage subsidy policies remain 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 sub-

sidies are phased out quickly after their introduction (Section 5.2). Moreover, in the

See the OECD, Taxing Wages 2022.
8 A 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
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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.

presence of aggregate demand externalities, optimal wage subsidy policies are not
as severely affected by the time inconsistency problem as in the flexible price econ-
omy (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 H.

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

The IS curve
1
Ye = Elyr1] — ;Tt +w(l — @)E[Ali11] — weE[Aoy 1], (15)

the Phillips curve
T = BE¢[mi41] + Appys (16)
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and the Leverage curve

Al = (—p(limy + 011) +ywplAoy — (v — 1)Axy) (17)

1
I+yw(l-p)

where ;7 is the steady state entrepreneurial consumption share, and ¢ is the elas-
ticity of the equity risk premium with respect to leverage and risk. In this Section,
output y, leverage [, uncertainty o, technology z, and producer prices pp are ex-
pressed in terms of their respective log deviations from deterministic steady state
levels. The real interest rate is r; := i, — E;[m;,1] where nominal interest rate is ¢
and inflation 7. The factor wedge 7, and the wage subsidy ¢ are expressed in terms
of their respective deviations from deterministic steady state levels. The operator A

takes the growth rate of its argument, Al, =, — ;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.” 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 7. 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 .

For an exposition of the benchmark New Keynesian model, refer to Gali (2008, Chapter 3).
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_ pta 14
pp:= (V) m— s at qul =)l —qweor + T = G
t \( 1-« )V l—a 7Y J —
benchmark model marginal costs consumption inequality wealth effect ~ labour wedge ~ 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
H) 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.

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, v = 1. Interest rates follow the

rule: 1 = ¢,m;
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.

(iit) 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

Ty = UT—1 + S¢ (19)
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G = —U ()\nglﬂ _: + (1 - 5#)) -1 + Ut (20)

where s;, u; 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 p, a real-valued composite pa-
rameter in (0, 1). Full characterisations of s;, u;, o are provided in the Appendix
H.

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:

Aly = 1= (—9lim1 + 01-1) +wpdoy) @D

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
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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
Aly = —ply 1 — o1 — (i1 — ) + Ay, (22)

Comparing 22 with 21 shows the importance of the prudential effect of wage sub-
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, (v > 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 m, = 0 V1.

The proofs of Remark 1 can be found in Appendix H. 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.!® The convexity of mon-
itoring costs generates a wedge between the social marginal costs of leverage and
the private marginal costs of leverage. Intuitively, when the convexity of monitor-
ing 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

29



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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0 := 75—7- Model estimation details can be found in Appendix F.
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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.

5.3 Commitment versus discretion under log utility (7 = 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

10 Another 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 9: Optimal wage subsidy policies under commitment and discretion
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Notes: Values are expressed in log point deviations from steady state. The model is re-estimated to
produce this plot with two additional parameter restrictions: log household utility (v = 1) and the
simplified Taylor-type interest rate rule ¢y = ¢, my.

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).!! 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
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.

"'"This 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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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.!?

We would take this further, and argue that the time to worry about the stimulus is
in the boom. Well planned and predictable fiscal interventions can be designed to
mitigate moral hazard problems while providing effective stimulus in crises.

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. Our analysis
yields three key insights: First, fiscal stimulus can increase welfare by mitigating
moral hazard, even without aggregate demand externalities. Second, optimal policy

is time-inconsistent. Third, aggregate demand externalities partially resolve this

inconsistency.
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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
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state is denoted s and 6 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:

BEEOUE/(C;HJ) = u6,<C§,t)pt(3t+l)

Bu'(ce1) = v (c)pe(se41)-

With a slight abuse of notation, £y 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 ¢ idiosyncratic risk is
intra-period and is not resolved (unlike s;) before other time ¢ decisions have to be

made (like hiring labour, investing in risky idiosyncratic production), it follows from

Within period ¢, at the time of negotiating external finance, non-contingent savings

rearrangement that

and loans are the opportunity cost of state-contingent loans, therefore

(1 + repn) Egu”(c5 1) = Eou® (€5 y41) Rev (6, 5141).

Note that given intertemporal homotheticity and scalable technologies, the function
R;11(0, s¢41) is independent of the past history of individual entrepreneur j. So, we
re-write the risk sharing relationship above as

ﬁe (Eguel(c§7t+1>eRt+1(9,5t+1)> _ ﬁ(l +Tt+1) ( u’(ct) > )

u(¢54-1) ' (cr-1)

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 Ey[u®(c5,) (0, s¢)].

36



Under log utility

Ey[u”'(c5,) Ry(6, 51)] = Ey [%} .

Consumption decisions in period ¢ are made after the individual realisation of R;,
and at the time of consumption, the total wealth available to individual entrepreneur
is proportionate to their realisation of R;. It follows, given intertemporal homoth-
eticity, that ¢§, = kR;(0, s;) for some k L 0. The term k is not necessarily constant,

but is independent to the time ¢ realisation of 6. It follows that

/(e 1
Eylu®(c5 ) Ri(0, 8¢)] = T

Now, let &, = Ejy|c,], Ry = Ey[R(0, s;)]. By construction of k,

Ej,t = k’Rt
Therefore we have N
R
Eplu®(c5 ) Re(8, 50)] = ——
C]’t

Under log utility,
Eplu(c5 )R (0, 5¢)] = u®(€5,) Ry

J’t

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 c;_,. It follows that

() = e - )

Re-writing the previous expression with p = Ez’fﬁf) A =d/(e)/uf(¢°),

e

At = )\tl%ptv
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where )\; is measurable in the time ¢ 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 (p = 1), and we would be left with the traditional risk sharing
relationship \;, = )\t,l%. 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.

B 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.
zh® > ¢+ ¢° (Ay)
lef = zh*(1 — B°)R(l,0) (A2)
N =cc (A3)
N = %R(z, o)A (Ag)
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where N := u®'(¢°) /uc(c, h),and R(l,0) := p (= 1 + I7), where 7 is a function
of[,o.
The competitive equilibrium labour supply can be expressed as follows, and is left

out of the policymaker’s problem:
ROV = az(1 — 1) (CE labour supply)

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

S t 01—7 h1+1/’ e( e\t e logg(lbat)
V:EO; {Mﬁ ( 5 1+¢) +p(5°) <10gct+1_—66>:| (B1)

The policymaker maximises (B3) subject to the constraints tagged by their re-
spective Lagrange multiplers (A, ..., A4). The policymaker’s programme can be
convexified by log transformations when R, g are log-convex in [. Alternatively,

constraint qualifications are straightforward to verify for more general specifications.
Envelope Condition

V)\ = B-R(l, O')A4

FONCs

h: ph' = = az[Ay(1 — BRI, 0) — A]
- — (AT —
c: h=c <A3 Lce A1>

c 0=p+ Ac® — Aglc® + Agc™7¢°
,Ue gz(l,O') ﬁe
. = A o 1 — e _ e A M

l 0 1_56 g(l,a) + Q[Zh ( 6 )Rl(l>a) C]+ 457_\),1(1,0‘))\

)\/2 0:—A3—A4+ﬁEV)\

where V is a placeholder.
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By constraint 3

c: A = Agz)\/ — pc™?
c
c® 0= p®+ Aic® — Aglc® + AN
By constraint 2
1
< Ao(1 = B)R(l,0) = v (u€ + Ayc® + A3N)

Combine FONC:s for ¢, c*:

1 (]
Ar(1 = B)R = — {/f — uN + A3\ (’yc— + 1)}
zh® c

B.1 Log utility

Assume Log utility, v = 1:

plmatv sy — g2 |1 — M 1 — w1
[ AN

hl—a—i-wcﬁf _ OéZ(l . 7_) (1 n Il — (X/\’)\Olzl(l_:—)ﬂe)(l + lT))

e

where \g := “7

The optimal wage subsidy ¢* is

Ir— (5522) (1 - Bo) (1 +1r)
I(1—71)

40



B.2 Dynamics

Start from the optimal wage subsidy under log utility,

* T _Al o eL
§—1_T(1 N (1 5),0—1)

where \ (=1 — % We can solve for )\,

I ¢
N
_¥ 4
ce ,
(1—=5%)p !
[—(1—pBp
(1=5%)p
o1 1=B%0 1-(1-5)p
lo—(L=08%p0 (1—05%p
_ . A=8)poll = (1= 5)p)

(lo = (1 = B%)po)(1 — B°)p
(lo = (1= 8%)po)(1 = B°)p — (1= B°)po(l = (1 = 5°)p)
(lo — (1= B%)po)(1 — B°)p

_ |£o
lo l;

(o~ (1= )
(. l
‘(1 m)(%—u—ﬁam>

Substituting into the expression for optimal wage subsidies yields

. T ~(lop—=1po (159 )
g‘l—T(l (/wﬂ )w—u—ﬂam (B2)
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B.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:

zh® > c+c° (Ay)

Second, the policymaker takes entrepreneurial net wealth ¢ 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, n°, as given.

Leverage is therefore increasing in aggregate production:

In® = zh® (Ay)

where R(l,0) := p (= 1+ I7), where 7 is a function of [, 0.

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

_ S t Cl_’y _ h1+¢ e( e\t e logg(lt7at)
v—EO;{uﬂ (1_7 Hw)ﬂt(ﬁ) <1ogct+—1_ﬁe )} (B3)

The first order conditions are

ph?
h —tha_l — A1 - A2
C: ﬂ = Al
Y
c©: ,U_ = Al
ce

A hY 14 st 1 gl o00)
azho1 po \1—pgeneg(ly, o)
20X
C h 1 gl(lt,O't)R(l’ )
azh*! g(li, 00)



Y hY
=1 T(0)
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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