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inequality reduces output because marginal propensities to consume are negatively correlated
with incomes, but this effect is quantitatively small in the data and in our model. In the long run,
the output effects of income inequality are small if inequality is caused by rising dispersion in
individual fixed effects, but can be large if it is the manifestation of higher individual income
risk. We formalize the connection between partial and general equilibrium effects, and show that
the two are closely related under standard assumptions about the behavior of monetary policy.
Our economy features a depressed long-run real interest rate, allowing us to quantify the potential
contribution of income inequality to secular stagnation.

Adrien Auclert
Department of Economics
Stanford University

579 Serra Mall

Stanford, CA 94305-6072
and NBER
aauclert@stanford.edu

Matthew Rognlie

Department of Economics
Northwestern University

2211 Campus Drive, 3rd Floor
Evanston, IL 60208
matthew.rognlie@northwestern.edu



1 Introduction

There is an old idea' that the distribution of income is an important determinant of aggregate
economic activity, with higher income inequality reducing aggregate demand and employ-
ment. These concerns resurfaced during the Great Recession, at a time where most central
banks around the world hit the zero lower bound. For example, the 2012 Economic Report of
the President (Council Of Economic Advisers 2012) argued that

some of the recent patterns in aggregate spending and saving behavior—including
the sluggish growth in consumer spending—may reflect the sharp rise over the
past 30 years in the inequality in the income distribution in the United States. [...]
The rise in income inequality may have reduced aggregate demand, because the
highest income earners typically spend a lower share of their income—at least over

intermediate horizons—than do other income groups.

In this paper, we formally investigate the link between income inequality and output. We
use a canonical Bewley (1977) model that provides a good fit to the U.S. income and wealth
distributions. The heterogeneity in marginal propensities to consume out of one-time income
(MPCs) generated by the model plays a central role in our analysis. To study the connection
with monetary policy, we also introduce downward nominal wage rigidities, as in Schmitt-
Grohé and Uribe (2016) and Eggertsson, Mehrotra and Robbins (2017). Examining a range
of plausible scenarios under which inequality can rise, we generally find output effects that
are negative but small, with one notable exception: if inequality is caused by an increase in
individual income risk, and monetary policy does not or cannot lower interest rates enough to
offset it, then a large, long-lasting slump can ensue.

For temporary increases in inequality, in line with common intuition, we find that the key is
the relationship between MPCs and income. But although the rich have lower MPCs than the
poor, the gap is not large enough for realistic changes in the income distribution to have much
effect on aggregate consumption. For instance, in our calibrated model, the average MPC of the
top 10% of income earners is about 0.10 less than the average MPC of the bottom 90% of earners.
In household-level data, the average MPCs for these two groups are even closer. Hence, every
additional 1% of overall income shifting from the bottom 90% to the top 10% (a larger-than-
usual year on year change; see Piketty and Saez 2003) lowers aggregate consumption by no
more than 0.1% of total income.

Such calculations, however, are only directly informative about a partial equilibrium (PE)
effect: the impact of inequality on consumption demand, shutting off endogenous responses
from interest rates and incomes. In principle, these endogenous responses could move the
general equilibrium (GE) output effect in either direction. On the one hand, feedback between

IFamous proponents include Pigou (1920), Keynes (1936), Kaldor (1955) and, more recently, Blinder (1975).



aggregate consumption and incomes could aggravate the output decline; on the other, an equi-
libriating fall in real interest rates could offset or even overturn the negative output effect.

To sort through these forces, we develop a novel methodology that connects the GE out-
come to its PE underpinnings. We show that, to first order, the percentage change 4’ in the
level of output resulting on impact from an inequality shock can always be expressed as

ay

v = (General equilibrium multiplier) - (Partial equilibrium sufficient statistic) (1)

Here, both the multiplier and the sufficient statistic are vectors, and the outcome is their dot
product. The sufficient statistic measures the partial equilibrium consumption effect of the
shock, and can be written explicitly as the sequence of cross sectional covariances Cov(MPCy, dyio)
between households” income shocks dy;y and their marginal propensities to consume MPC;; at
each horizon t following a shock.? This formalizes the role of MPCs in the response to an in-
equality shock, clarifying exactly what moments matter for aggregate outcomes. The general
equilibrium multiplier, by contrast, reflects a variety of forces in the model, especially the mon-
etary and fiscal policy rules in place. Crucially, however, it does not depend on the particular
shock being considered: the same multiplier applies for any shock to income distribution. This
allows us to cleanly isolate and test the role of general equilibrium forces.

In our model, if monetary policy allows the real interest rate to adjust to maintain full em-
ployment, we find that the multiplier is identically 0: regardless of the inequality shock, output
is unchanged on impact. This “neoclassical” policy, however, requires that monetary policy
respond to inequality in an aggressive and immediate way, which may not be likely or even
feasible in practice. As an alternative, we consider a benchmark scenario where monetary pol-
icy is constrained by the zero lower bound (ZLB)—as it was in the U.S. until recently, and
continues to be in many other developed economies. Here, we find that the multiplier takes
a simple form: its first entry is approximately 1, and its other entries approximately 0. In
other words, the GE and PE effects of an inequality shock on output approximately coincide.
Since the PE effect on impact is measurable, this allows us to directly verify our results using
household-level data.

As our main quantitative experiment, we consider a temporary increase of 0.04 in the stan-
dard deviation of log earnings, roughly the increase in the U.S. since 2000. In the benchmark
zero lower bound scenario, we find that output declines by 0.2%. Using (1), this can be traced
directly to the first entry of our sufficient statistic—the covariance between current-period
MPCs and the distributional shock—which we show is also 0.2%, both in our model and in
data from the Italian Survey of Income and Wealth. We obtain similar results under several
alternative monetary rules, including a rule that holds real interest rates constant and conven-

tional Taylor rules unconstrained by the ZLB. The key is limited monetary feedback: as long

2In this notation, the usual notion of MPC is MPCj, which measures the marginal propensity to consume within
the same period out of a one-time income shock.



as monetary policy does not adjust rates too aggressively in response to inequality shocks, the
partial equilibrium decline in consumption translates directly into a general equilibrium fall in
output of about the same magnitude.

We next consider a case where the same rise in inequality is permanent. Here, we show
that the source of rising inequality is crucial: if it comes from fixed effects, which permanently
make some households richer than others, long-run effects are minimal. This is a result of
standard assumptions about household utility, which make long-run behavior invariant to the
scale of income. On the other hand, if rising inequality is associated with higher income risk
and volatility, in our benchmark the shock results in a 2% decline in steady-state output, ten
times larger than the impact effect in the short-run case. As before, this decline only occurs
when the interest rate response is constrained—in the neoclassical case, there is instead a mild
long-term output increase from capital accumulation.

To understand the causes of this 2% decline, we derive a steady-state version of the decom-
position in (1). We show that consumption is no longer a good partial equilibrium measure: in
the long run, all agents consume exactly their income. Instead, what matters is the impact on
long-run household asset demand. Our sufficient statistic is the elasticity of this asset demand
to idiosyncratic income risk, for which we find the model matches standard estimates (e.g.,
Carroll and Samwick 1997). Interestingly, this elasticity is higher for the persistent component
of income risk than the transitory one—so while dispersion in fixed effects doesn’t matter for
aggregate demand, the inequality created by persistent shocks matters a great deal.

Aside from monetary policy, several key forces shape the general equilibrium multiplier. In
our benchmark, capital plays a strong amplification role: in a version of the “paradox of thrift”,
rising asset demand leads to a decline in output, triggering a fall in investment that pushes
down asset supply even further. Fiscal policy, by contrast, is stabilizing. Under our calibrated
fiscal rules, the government runs deficits in response to recession, which accumulate to increase
the supply of assets and mitigate the output decline. Perhaps the most subtle effect comes from
the endogenous change in income distribution, where our mechanism can potentially feed back
on itself. Evidence from Guvenen et al. (2017) shows that rich and poor workers have incomes
more sensitive to recessions than workers in the middle—leading to a feedback that could in
principle have either sign, but turns out quantitatively to be stabilizing.

We show that long-run outcomes are quite sensitive to these forces underlying the multi-
plier. In fact, in a simple alternate calibration where fiscal policy maintains constant debt and
spending, and all earners are equally affected by recession, the long-run output effect is vastly
larger, at -24%. This catastrophic outcome reveals the instability of economies suffering from
secular stagnation, and the importance of mitigating forces like fiscal policy. The same holds
true for short-run outcomes, albeit to a much lesser degree: for instance, without countercycli-
cal fiscal policy, our short-run multiplier rises above one.

Moving beyond our main quantitative experiment, we use the model to study other ef-



fects of inequality. First, we investigate the extent to which the observed increase in income
inequality might have contributed to the decline in real interest rates observed since the 1980s.
Assuming this increase was associated with a rise in idiosyncratic income risk, we find that
inequality contributed around 80bps to the real interest rate decline—about a fifth of the four
percent decline that Laubach and Williams (2015) estimate for this period.

Second, we use the model to study the impact of long-run shifts in income between labor
and capital. An influential conjecture made informally by Krugman (2016) and Summers (2015)
is that the decline in the labor share may be detrimental to aggregate demand. We show that
this argument is incorrect in our model. Since a long-run rise in the capital share increases the
supply of assets relative to desired savings out of labor income, it is ultimately expansionary,
regardless of whether it comes from a rise in markups or a change in technology. This reinforces
our message that the output effects of inequality may not be as large as commonly assumed,
and that the underlying drivers of the rise in income inequality matter a great deal.

In the literature, other papers have studied the macroeconomic effects of increasing inequal-
ity over time, including on interest rates (for example Favilukis 2013, Kaymak and Poschke
2016), household debt (Iacoviello 2008), and welfare (Heathcote, Storesletten and Violante 2010).
One potential source of rising inequality, household-level fixed effects, has little impact in our
model because intertemporal utility is homothetic; relaxing this assumption, Kumhof, Ranciére
and Winant (2015) argue that a decline in aggregate consumption can result. Straub (2017)
provides evidence to support such non-homotheticity and further explores its macroeconomic
consequences. We find the homothetic benchmark appealing, but non-homotheticities may
provide another route to similar results.?

The papers mentioned above, like most of the literature, study equilibria with flexible
prices. By contrast, we introduce nominal rigidities and are able to evaluate the output effects of
inequality directly. Two other papers have a related approach. Athreya, Owens and Schwartz-
man (2017) study the aggregate effect of redistribution, as in our short-run experiments, and
Bayer et al. (2017) study the effect of shocks to household income risk, as in our long-run ex-
periments.* The first paper emphasises the role of heterogeneity in marginal propensities to
work. Motivated by empirical evidence that finds little evidence for this heterogeneity, we shut
down this channel and focus instead on heterogeneity in marginal propensities to consume.’
The second paper also shuts down this channel, but does so using Greenwood, Hercowitz and

Huffman (1988) preferences, which lead to extremely large multipliers as a side effect when

31t is worth noting, however, that household-level fixed effects are less plausible in our infinite-horizon frame-
work: interpreting infinitely-lived households as dynasties as suggested by Boar (2017), fixed effects effectively rule
out mean reversion across generations.

4Relatedly, Basu and Bundick (2017) study contractionary aggregate risk in a representative agent model.

5A central paper in this literature is Cesarini, Lindqvist, Notowidigdo and Ostling (2017), which using evidence
from lotteries finds negligible marginal propensities to earn, and no evidence of heterogeneity according to income.
We discuss this further in appendix D.1.



combined with nominal rigidities.®

Our paper unifies the treatment of redistribution and income risk within a single model.
For both, our methodology separates the role of general equilibrium multipliers from partial
equilibrium impulses, corroborating the latter with micro data.

The emphasis on nominal rigidities places our paper as part of a rapidly growing literature
that adds these rigidities to heterogeneous-agent models.” A closely related literature has used
sufficient statistics to bring the predictions of these models in line with existing evidence from
micro data (Auclert 2017, Berger et al. 2018). By demonstrating how to embed these sufficient
statistics into a general equilibrium analysis, we hope to provide further empirical discipline for
heterogeneous-agent models. We also employ a novel and efficient Newton-based algorithm
to solve for general equilibrium paths, which we believe may be useful for the literature going
foward.

Finally, our assumption of downward nominal wage rigidities and the possibility of de-
pressed output in a long-run steady state relates our paper to the literature on secular stagna-
tion, inaugurated by Eggertsson et al. (2017). We complement their results by quantifying the
general equilibrium forces that can either amplify or mitigate secular stagnation—including the
roles of capital, countercyclical fiscal policy, and endogenous inequality. Our paper is the first
to consider secular stagnation in the canonical Bewley (1977) incomplete-markets environment,
and also the first to compute the full transition dynamics when the wage rigidity constraint is
binding.

The remainder of the paper is organized as follows. Section 2 provides the model and
calibration. Sections 3 and 4, which contain our main quantiative experiments, study the effect
of shocks to labor income inequality that are temporary and permanent, respectively. Section
5 investigates the role of rising inequality in the falling natural real interest rate since 1980.
Section 6 examines the consequences of a change in the labor share. Section 7 concludes.

2 Model

2.1 Environment

Households. We consider a population of infinitely-lived households who face idiosyncratic,
but no aggregate, risk. Each household i has a permanent type w; € (), and in each period t,
it also has an idiosyncratic state 0;; € S. 0y follows a Markov process with transition matrix
A (wj). The mass of households of each type w; is p(w;), and we assume that within each w,
at all times, the mass of households in each idiosyncratic state ¢ is equal to the probability
A (o) of o in the ergodic distribution induced by A (w). Hence there is always a mass y (sjt) =

6See Auclert and Rognlie (2017b).
7See Guerrieri and Lorenzoni (2017), McKay and Reis (2016), Gornemann, Kuester and Nakajima (2014), McKay,
Nakamura and Steinsson (2016), Kaplan, Moll and Violante (2016), and Werning (2015) among many other.



o (w;i) A (03) of households in each combined state s;; = (w;, 0j¢ ).
-1

Each household maximizes I [¥_ p'u (c;;)|, where u (¢) = 51:;_1 is a common period utility

function with constant elasticity of substitution v and f a common discount factor, subject to

the sequence of period budget constraints

cit + bir + proir =y (sit) + (1 +714-1) bi—1 + (pr + d¢) vir—1 ()
biy +prwoyy > 0

Two assets are available for intertemporal trade: one-period risk-free real bonds b;;, and
shares v;;, which are claims to firm dividends. Each share costs p; at time t and delivers a
stream of dividends {d;} starting at s = t + 1. Households have perfect foresight over py, d;,
and the real interest rate 7;. They may invest any amount in bonds and shares provided that
they keep their net worth a;; = b;; + pv;; positive at all times. No arbitrage by unconstrained
agents implies that the relation

_ Pratdin
Pt

holds at all times along the perfect-foresight path, and households are indifferent between hold-

1+ Tt (3)

ing bonds and shares.

Upon an unexpected shock at the end of period t, p;y1 and d;1 no longer satisfy (3) and
we need to know household porfolios to determine the implied wealth revaluations. At such
times, we assume that households have allocated the fraction 6 (a) of their wealth a to shares
pv, and in our calibration we infer 6 (a) directly from data on household balance sheets.

We specify household income in two steps. First, pre-tax labor income z; is given by the
product of the real wage %’ and the amount of endowment that households are able to supply:

W,
z¢ (sit) = ?: “Le -y (sit, Lt) - e (sit) 4)
where the < function satisfies
v(s,1)=1 Vs (5)

Households’ full idiosyncratic labor endowment is e;;, and since there is no disutility from
labor, this is the amount that they choose to supply in the case of full employment (L; = 1). As
per the standard formulation in the literature, their pre-tax income is then given by %eit.
Because of downward nominal wage rigidities, the economy may experience a labor de-
mand shortfall, with L; < 1. In that case, the labor market experiences rationing, and a house-
hold in state s is constrained to supply the fraction L;y (s, L;) of his full endowment, with L;
describing the aggregate impact of employment conditions and -y the distributional impact of



these conditions. More specifically, we normalize the v function so that
E[y(si,L)e (si)] = 1 VL<1,Vt (6)

and hence that E [z;] = %Lt at all times. When v (s, L;) = 1, for all s, the labor supply of
all households is proportionally rationed. By contrast, when -y (s,L;) # 1 for some s, labor
demand shortfalls can be a source of endogenous change in inequality.

Our specification of the 7y function allows us to flexibly parametrize the incidence of changes
in labor demand across the population. In particular, using this formulation, we are able to
calibrate our model to directly match Guvenen et al. (2017)’s empirical evidence on ‘worker
betas’—the exposures of gross worker earnings to GDP conditional on their place in the earn-
ings distribution.® A leading alternative in the literature is to drop (4)—(5) and keep households
on their labor supply curves at all times, so that recessions correspond to optimal responses
of workers to falls in real wages. In appendix D.1, we explain why this alternative approach
is either inconsistent with microeconomic evidence on marginal propensities to earn (when
preferences are separable) or with macroeconomic evidence on government spending multi-
pliers (when wealth effects on labor supply are shut down). A more complex alternative is to
microfound the 7 function with a search and matching model of the labor market.” Similar
to Werning (2015), our simpler formulation preserves the core insights of these models while
maintaining the rich consumption dynamics of an unrestricted Bewley (1977) model.

The income y;; that enters household’s budget constraint is post-tax. We assume that the

government runs an affine tax system:

Ve (sit) = Te + (1 — 1) z¢ (5t (7)

where T; is a common tax intercept and 7; a common marginal tax rate.! As we show in

appendix B.3, this provides a good approximation to the U.S. tax and transfer system.

Final goods firm. The final good Y; has price P; and is produced by a competitive final good
sector using the Cobb-Douglas technology

Y; = F (K1, L) (8)

8Note that adjustment in our model happens along the intensive margin, with the fraction of individuals within
each state s remaining constant at y (s) while their gross income varies with L. We treat all households within a
given income state s as if they are equally affected by changes in aggregate conditions; alternative assumptions
would imply even greater individual income risk than the already high level implied by our model.

9See Ravn and Sterk (2017), Challe, Matheron, Ragot and Rubio-Ramirez (2017), or den Haan, Rendahl and
Riegler (2018) for examples of such a formulation.

10Because we assume that labor supply is inelastic, the tax rate 7; in our model is not distortionary. We abstract
away from the efficiency costs of taxes to better focus on their effect on the income distribution.



At the beginning of each period t, the representative firm owns capital K;_;. It pays dividends

d; to its shareholders, equal to revenue net of the cost of labor and investment, and chooses

its investment I; and employment L; to maximize the net present value of future dividends
2

{d;}.'! Capital adjustment is subject to quadratic costs worth %61 (%) K;_1. In appendix

A.1 we show that the firm’s problem implies standard equations from Q theory. In particular,

investment I; = K; — (1 — ¢) K;_1 relates to the secondary market price of capital g; following

I B
OK; 1

1261 (qt_l) (9)

and employment is determined such that, in each period, the physical marginal product of

labor is equal to the real wage %f
Fi (i, L) = (10)
t
In steady state, capital is constant at K with g = 1, and marginal product Fx(K, L) equals user
cost r + 4. Away from steady state, adjustment costs slow down the period-by-period change
in capital in response to fluctuations in the cost of capital ; and employment L;.
Given the unit mass of shares outstanding overall, the price of shares at time ¢ is given by
the value of installed capital, p; = 4:K;. Hence, all firm earnings are capitalized into the value

of assets that household trade.!?

Wage rigidities. Following Schmitt-Grohé and Uribe (2016) and Eggertsson et al. (2017), we
introduce a role for monetary policy and the possibility of equilibrium slumps in our model by

assuming that the economy-wide nominal wage can only fall by a limited amount each period:
Wt Z KWt_l (11)

for some 0 < x < 1.!> When labor demand falls short of the aggregate endowment because the
constraint (11) is binding, households are rationed (L; < 1) and are each constrained to supply
the fraction Ly (sjr, Lt) of their labor endowment.

As discussed in appendix D.1, our choice of wage rigidities resolves several counterfac-
tual implications of the leading models in the literature, which tend to assume price rigities

instead.!* The wage Phillips curve embodied in (11) is a stylized one: recessions are times

HBecause of perfect foresight and the absence of aggregate risk, future dividends are unambiguously discounted
at the sequence of real interest rates r;.

12This approach avoids the need to set-up an ad-hoc rule for the distribution of dividend income, as is typically
done in the literature.

13Note that individual wages always rise and fall due to movements in idiosyncratic productivity. Equation (11)
only holds at the aggregate level and reflects a constraint on an allocative price, but it cannot directly be mapped to
individual data.

14 Another counterfactual implication of models with price rigidities is that they lead to very countercyclical profit
margins. With heterogeneity, these in turn have large distributional consequences that are not directly supported



when the wage deflation rate is equal to ¥ — 1, irrespective of the size or duration of the slump.
This simplification allows us to introduce a role for monetary policy in the canonical model of
consumption in the simplest possible way.

Fiscal policy. The fiscal authority chooses the lump sum T;, the marginal tax rate on labor
income T;, government spending G; and the level of bonds B; subject to the flow budget con-
straint

TtvllitLt +Bi =G+ (1+r_1)B1+ T (12)

The government follows linear fiscal rules for spending and debt:

G G
Tt - 7YSS — €GL (Lt - Lss) (13)
SS SS
By — B;— Bi-1—B
S = —epy (Lt — Lss) — epp——o— (14)

Ys S YS S

where Y5, Lgs, and Bss represent the initial steady-state levels of output, employment and
bonds, respectively. These specifications are inspired by the large theoretical and empirical
literature on fiscal rules (Leeper 1991, Bohn 1998). Since Ricardian equivalence fails in our
model, the deficit rule matters independently of the government spending rule.

The government’s tax adjustment rule also matters. We assume that the government ear-
marks an exogenous fraction 1/ of aggregate labor income %Lt for the lump-sum T}, and then
lowers T; by 7/ dollars for each dollar of revenue it needs to raise in each period:

W,
T, = T[?:Lt — 7 (G + (14 14-1) Bi—1 — By) (15)

Combining (7) with (12)—(15) and defining Ttg = ?:TT; as the endogenous fraction of labor

income used towards government revenue, it is easy to check that net labor income is equal to

yir = (1= %) (s [zi] + (1 — 1) z) (16)

The rate 7/ € [0,1] is therefore a simple measure of the degree of progressivity of the tax
system. We hold 7" fixed in all of our benchmark experiments. Equation (16) then shows that
any change in government revenue, through its endogenous effect on 77, affects household
net-of-tax incomes y;; in proportion.

by micro evidence.

10



Monetary policy. The central bank controls the nominal interest rate i; on nominal bonds.!
Perfect foresight implies that the real interest rate is

QR L (17)

1+ 7

where 71441 is the rate of price inflation, 1 + 7,41 = PtTtl We consider three specifications of
monetary policy. Under neoclassical policy, the central bank sets a path for i; that is consistent
with Ly = 1 for all t. In doing so, it achieves a path r; for the real interest rate, and the economy
behaves as if the wage rigidity constraint (11) was absent. We follow the literature and call 7}
the ‘natural interest rate” path. Under constant-r policy, the central bank targets a real rate that
is constant at the economy’s steady-state natural rate, r; = r*, and does not change this target
in response to any of our experiments. This policy shuts off all equilibriating real interest rate
movements, including those driven by changes in expected inflation. Finally, our benchmark
monetary policy is one in which the monetary authority sets the nominal interest rate according

to a Taylor rule subject to the zero lower bound,

¢
iy = max (i, (14+r)(1+ %) (Pt/Ptl> —1) (18)

1+ 7t*

where r* is the steady state natural rate, 77*

is the inflation target, ¢ > 1 and we seti = 0
throughout, except in section 4.5 when we explore the benefits of negative interest rates. In our

calibrated exercises, the zero lower bound in (18) will always be binding.

2.2 Equilibrium

We model inequality changes as affecting the way endowments are distributed across indi-
viduals in different states s;; = (wj,0jt), through the time-varying function e; (s;;). We also
consider experiments where the redistributive tax rate 7/ varies exogenously, generating ex-

ogenous movements in post-tax income inequality. We define equilibrium as follows.

Definition 1. Given initial capital K_; and nominal wages W_;, a sequence of exogenous
shocks {e; (-), 7/ }, and an initial joint distribution ¥_; (s, b, v) over idiosyncratic states, bonds
and stocks, an equilibrium is a set of aggregate quantities {Cy, I1, Ky, Y3, Ly, d; }, prices {r, pt, g, Pr, Wi },
government policy {it, G, Ty, Ttg, B; }, individual decision rules {c; (s, b,v), b; (s,b,v) , v (s,b,0v) }
and joint distributions ¥; (s, b, v), such that households maximize utility subject to their bud-
get constraint, firms maximize profits, the government follows its fiscal rule, the central bank

follows its monetary policy rule, the Fisher equation (17) holds, the distribution of households

15Nominal bonds can formally be introduced as assets in zero net supply that can be traded by households.
Condition (17) is then an equation of no arbitrage between nominal and real bonds. Implementation issues are
discussed in appendix D.3.
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Parameters Description Main calibration Target

v EIS 0.5 Standard calibration
B Discount factor 0.962 r=0
o Labor share 87.2% a=1—(r+9) %
6 Depreciation rate 4.0% NIPA 2013
% Capital-output ratio 321% FoF hh. net worth 2013
% Investment rate 12.8% 0 %
€1 Elasticity of I to g 1 Macro investment literature
Nominal interest rate 0% Zero lower bound
T Egbm real rate 0% TIPS yields 2013
Lss Employment gap 0.975 CBO output gap estimate
Tt Inflation target 0 %
K Gross wage deflation rate 1 }—ﬂ
% Govtt debt 55.4% Domestic holdings 2013
G Govtt spending 18.7% NIPA 2013
T Redistributive tax rate 17.5% see appendix B.3
€GL Response of spending to L 0.10 see appendix B.3
€pL Response of deficits to L 0.75 see appendix B.3
€DB Response of deficits to debt 0.07 see appendix B.3

Table 1: Calibration parameters

is consistent with the exogenous law of motion and the decision rules, and all markets clear,

/Ut (s,b,v)d¥_1 (s,b,v) = 1

/bt (s,b,v)d¥;_1(s,b,v) = B;

1 (K—Ki 1\’ B
Ct+ It + G + 26e; < K > Kin = Y
except possibly for the labor market (L; < 1) with complementary slackness in the wage rigid-
ity constraint (11).

Equilibrium uniqueness. = Our model is a one-asset heterogeneous agent New Keynesian
model, for which general results on equilibrium uniqueness do not yet exist. In appendix
C.3, we numerically verify uniqueness for both the steady state and transition paths in the
neighborhood of the steady state in our baseline calibration.!® We also provide some useful
sufficient conditions for steady state uniqueness under all three monetary rules.
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2.3 Calibration

Table 1 summarizes our calibration parameters. We capture the recent US macroeconomic con-
dition of very low real interest rates. We choose 2013 as our base year, since this is the last
year for which household-level balance sheet data is available from the Survey of Consumer
Finances (SCF), and income inequality data is available from Song et al. (2016). Average 10-
year TIPS yields over that year were 0.07%.!” We therefore set r = 0. Since unemployment
in 2013 averaged 7.4%, while the long-term natural rate of unemployment calculated by the
CBO averaged 5.0%, we assume that the economy is at mildly depressed employment, setting
Lss = (1 —0.074)/(1 — 0.050) ~ 0.975. We also assume that the zero lower bound on nomi-
nal interest rates is binding: i = 0. Together, these assumptions imply zero steady state price

inflation (7t* = 0), and therefore zero steady-state wage inflation (x = 1).

Household parameters. We follow the literature practice of setting the elasticity of intertem-
poral elasticity of substitution in consumption at v = % and calibrating f to hit our target for
the real interest rate.

We choose a process for skills s;; and our incidence function -y to be consistent with evidence
from US W2s recently documented by Guvenen, Song and coauthors. Specifically, we pick s;
so that the steady-state endowment process is the sum of three orthogonal components:

loge; = w; + it + Xit (19)

where w; represents an individual fixed effect, ¢;; a transitory component, and );; a persistent
component of earnings risk.

We take the processes ¢;; and x;; from Kaplan et al. (2016), who capture the higher-order mo-
ments of the distribution of earnings changes from US W2s documented by Guvenen, Ozkan
and Song (2014). This process involves substantially more idiosyncratic risk than typical cali-
brations based on AR processes with normal innovations.

We then pick a calibration for fixed effects w; to hit exactly the cross-sectional standard
deviation of earnings levels in 2013, as documented by Song et al. (2016).!® It turns out that w; =
0is enough to do this—in other words, the accumulation of income risk captured by our income
process is enough to explain the entire cross-sectional dispersion in 2013 U.S. male earnings.
This is consistent with a broad interpretation of earnings risk as spanning generations, with
existing income inequality reflecting the slow accumulation of luck across dynasties."

To calibrate our incidence function -, we use the worker beta evidence from Guvenen et al.

16Multiplicity is possible under certain parameters, see appendix D.6.

17Appendix B.1 provides details of all sources for our calibration.

18Their sample is that of workers in establishment with at least 20 employees.

YIndeed, the half-life of our y; process is about 15 years, so its innovations can be thought of as those of a new
generation.
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(2017). The incidence is U-shaped across the income distribution, with the bottom and the top
of the income distribution being most exposed to an decline in aggregate employment. We also
consider two alternative calibrations: one in which recessions have equal incidence (y = 1)
and one in which the standard deviation of log gross earnings has a constant negative elasticity
with respect to employment, reflecting countercyclical earnings risk as in Storesletten, Telmer
and Yaron (2004). Appendix B.2 provides more details on our calibration of -.

We pick our aggregates B and K to be consistent with both Survey of Consumer Finances
(SCF) and Flow of Funds data. From the 2013 SCF, we back out a smooth distribution 6 (a)
representing the average fraction of wealth invested in shares for individuals with wealth a,

which we use to calculate portfolio revaluations after unexpected shocks.

Production parameters. We calibrate to a Cobb-Douglas production function, F (K;_1, L¢) =
AK}'L%. We calibrate the capital share such that 1 —a = (r + &) £. Given our choice for 7, the
2013 NIPA data for 6 and £ imply a high labor share of & = 87.2%, which is natural for a model
without an equity premium. Similarly, we understate the investment ratio in the data, which is
natural for a model without growth.

We set the elasticity of investment to g to €; = 1, consistent with Gilchrist and Himmelberg
(1995)’s estimates of the relationship with between aggregate investment and Tobin’s Q.%

Fiscal and monetary policy rules. ~We calibrate our redistributive tax rate 7" using data from
the Congressional Budget Office (2013), and the parameters €y, €pr, and epp of the fiscal rules
(13)-(14) to be consistent with the empirical fiscal rules literature and our own estimated rules.
We then derive 7¢ residually from the government budget constraint. Appendix B.3 provides
details.

Steady-state distributions of consumption, income and wealth.  As appendix B.4 illustrates,
our benchmark steady state achieves an excellent fit to the distributions of consumption, in-
come, and wealth reported in the 2013 SCF. In particular, our calibration matches all three Gini
coefficients exactly, and only misses the very top of the income and wealth distributions. This is
a large improvement over standard calibrations of Aiyagari models (see for example Quadrini

and Rios-Rull 1997), owing mainly to the richer earnings dynamics of our model.

2.4 Experiments: inequality changes

As figure 1 illustrates, income inequality—measured here as the standard deviation of male
log earnings—has been rising in the United States since at least the beginning of the 1980s.
This rise in inequality has been the subject of a very extensive literature, which has identified

20Their table 1 report a range of 0.027 to 0.063 for dej, depending on the sample. Our calibration falls in the middle
of this range and is consistent with typical business cycle models such as Bernanke, Gertler and Gilchrist (1999).
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Figure 1: Retrospective and prospective income inequality paths.

multiple fundamental causes, all of which can be argued to have changed the innate earnings
ability e; (s;;) of individuals in different groups s;;.>! Since our framework is concerned with the
change in aggregate consumption and savings patterns induced by this increase in inequality,
we do not need to explicitly model the root cause of this change, and can instead focus directly
on how ¢; changed over time for different groups—consistent with the approach taken by the
large literature on earnings dynamics.

Specifically, we modify the steady-state income process (19), for t > 0, to read
logeir = wi + Alit + Bixit — Gt (20)

for a new distribution w; and deterministic trends A;, B;. These trends are calibrated to achieve
a given target path for the standard deviation of the log endowment distribution, sd (loge;),
while the constant C; enforces a constant mean endowment [E [e;;] = 1. Figure 1 plots two of
our target paths, which each achieve an increase of 4 points in the standard deviation of log
endowments, but one is immediately reversed while the second is permanent.??

As initially argued by Gottschalk and Moffitt (1994) and since confirmed by Kopczuk, Saez
and Song (2010) and many others, statistical decompositions of changes in inequality tend to
attribute a role for both the the persistent and the transitory component of earnings risk. Con-
sistent with this evidence, our baseline experiment sets A; = B; and maintains w; = 0. How-
ever, the view that fixed effects have played no role is not universal (see for example Straub

2017). This distinction turns out to be especially important when analyzing the long run. In

2lExample include: a rising skill premium from skill-biased technological change (Katz and Murphy 1992),
increasing prevalence of superstar pay (Rosen 1981), improved information technology (Garicano and Rossi-
Hansberg 2004), trade and globalization (Feenstra and Hanson 1999, Autor, Dorn and Hanson 2013), financial
deregulation (Philippon 2015), rising assortativeness between workers and firms (Card, Heining and Kline 2013),
as well as fundamental changes in labor market institutions.

22In section 3.5 we also consider intermediate cases with mean reversion in sd (loge;;).
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section 4, we therefore consider the following alternative views: one in all inequality is due to
transitory component of risk (B; = 1), one in which it is all the persistent component of risk
(At = 1), and one in which inequality comes entirely from the distribution of fixed effects ;.
Appendix A provides a summary of the model equations. Appendix B provides details on
our calibration and experiments, and our online appendix explains our computational meth-

ods. All of our proofs are in Appendix C.

3 Inequality in the short run

We start by investigating increases in inequality in the short run. In our setup, a purely tran-
sitory increase in inequality is the same as a one-time redistribution of income. Hence, this
section provides a general characterization of the effects of exogenous income redistribution,

both in partial and in general equilibrium.

3.1 Partial equilibrium effect
We consider first the effect of redistributive labor income shocks, defined as follows.

Definition 2. A redistributive labor income shock is an unexpected change in ¢; (-) or in 7/. We
say the shock is one-time if only ey (-) or 7} is affected, and that it is transitory if e; (-) and 7/ limit
to their initial steady state values.

Both types of redistributive labor income shock operate by changing the distribution of
net incomes y;;. For example, in partial equilibrium starting from a full employment steady
state, a small one-time endowment shock affects the date-0 net income of individuals in state
sio by dyio (si0) = (1 — 1) W deg (si9). Similarly, a small one-time contractionary redistributive
tax change dtj < 0 affects the net income of an individual with current income y;y by dy;p =
(E [yio] — vio) 1{7%;, expanding the distribution linearly away from its mean.

We now characterize the effect of these shocks on the partial equilibrium consumption path
chosen by households. A formal definition of these paths is given in appendix A.2: it is the
solution to the household problem, taking into account the exogenous shocks {e; (-), 7/} but
holding all other inputs into the household problem constant at their steady state values. These
paths are useful for two reasons: first, they can be interpreted as the small open economy
outcome of redistributive shocks. Second, they are a direct determinant of the closed economy
general equilibrium outcome, as we will show in theorem 4.

For any vector X, define NPV (X) = ¥ —1X; as the net present value of that vector dis-

(1+n)
counted using the steady-state interest rate.
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Figure 2: Partial equilibrium effect of increasing inequality

Proposition 3. In response to a one-time redistributive labor income shock, the partial equilibrium
change in the path for C; is given, to first order, by

dC; = Cov; (MPCy;, dyy)

where MPCj; is i's spending at date t of date 0 income. In particular, NPV (9C) = 0.

Proposition 3 shows the precise sense in which the distribution of marginal propensities to
consume is important to determine the effect of a rise in inequality. Its final statement follows
from the fact that

NPV (MPC;) =1 Vi 1)

In other words, all agents have an equal MPC of 1 once expressed in present value terms. The
aggregate effects of income redistribution arise because agents are heterogeneous in the way
they wish to time their spending of additional income, but an intertemporal budget constraint
implies that they all spend this income at some point in time.

According to proposition 3, different types of inequality shocks affect aggregate consump-
tion in different ways. For example, as discussed above, changes in the redistributive tax rate
7 expand the distribution of net incomes linearly around its mean level. Applying proposition
3 for this particular distribution of dy;y, we obtain

dty
aCt = COV[ (MPCZ‘t, yiO) 1_71_7‘
The covariance between MPCs and net incomes is directly relevant to understand the equilib-
rium impact of such a shock. For more general shocks, such as for our baseline experiment, we
need to know how the income changes induced by the shock correlate with marginal propen-
sities to consume.??

Figure 2 illustrates proposition 3 in the context of our main short-run experiment. That

23 As another example, consider the one discussed in the introduction. Suppose that the top 10% of income earners
get a positive transfer proportional to their income, financed by an equivalent transfer from the bottom 90%, such

17



Main experiment
T

Redistributive tax experiment

o\o T T T T T P
o 04K — Nonlinear solution |
- 7 --- Sulff. statistic prediction

g 02| )

L

V)

g 0

g —02f

=

£ 04

5 )

)

< 06| .

= ! ! ! ! ! !

A —0.1 —0.05 0 0.05 0.1 —0.1 —0.05 0 0.05 0.1

Change in sd log earnings do Change in tax rate 7"

Figure 3: Sufficient statistic prediction vs. nonlinear model solution

experiment redistributes income from agents with high current MPCs to agents with low cur-
rent MPCs, implying a fall in consumption for a number of periods. As a result, the economy
accumulates assets, and aggregate consumption actually increases after around 10 years.
Quality of approximation.  The key benefit of proposition 3 is that it gives us a potentially
powerful way of connecting a model object to an object in the data. But how important are
nonlinearities? Figure 3 shows the quality of our first-order approximation for both our main
inequality shock and a redistributive tax change, by looking at the first component of the re-
sponse dCy when we vary the size of the shocks. We focus on the first entry of the sufficient
statistic, dCy, since it is the dominant effect—which, as section 3.3 will explain, carries over
to general equilibrium. The current marginal propensity to consume, MPCj, is also the MPC
most readily available in data.

The left panel shows the effect of changing the year-0 standard deviation of log earnings
labelled do, and the right panel does the same for a redistributive tax change of a given size
dt’". Asis clear from the figure, the approximation is excellent, including for very large shocks.
The aggregate nonlinearities generated by the concavity of the consumption function are small
enough that the first order approximation provides a useful map between model and data.
Sufficient statistic evaluation. = We are ready to use proposition 3 to compare our results to
those in the data. Our data comes from the Italian Survey of Income and Wealth. We use this
survey because it is, to our knowledge, the highest quality survey that contains individual-
level information on both MPCs and income, therefore enabling us to compute the covariance

that the total transfer is dT. Then the aggregate effect is 9C; = (MPCtTlo — MPCtB%) dT, where MPCtX is the
average income-weighted MPC of agents in group X (top 10%, bottom 90%). See Auclert and Rognlie (2017a).
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Sufficient statistic =~ Value, Data Value, Model | Experiment Predicted d% Actual d%
Cov (MPC, %) £ —0.049 —0.045 dr =004  —0180%  —0.202%
Cov (MPCi, %) —0.038 —0.045 dt" = —2.5% —0.137% —0.156%
MPC'° —MPC™"  —0.061 —0.104 a7 _ 19 —0.104%  —0.113%

Table 2: Sufficient statistics, data vs. model; linear vs. nonlinear

directly. Appendix B.1 contains details on our treatment of the data.?*

Table 2 shows how the magnitudes compare for the three types of redistributive income
shocks mentioned thus far. We see that our model does very well at capturing the relevant
joint moments of MPCs and incomes in the data. This makes us confident that the partial
equilibrium effect we obtain in the model accurately captures the consumption effect of income
redistribution in practice, both in terms of general time path (down, then up) and in terms of
magnitude on impact (since it matches the date-0 sufficient statistic.) Our main conclusion is
that these magnitudes are small for plausible changes in income inequality. Note, however, that
this result is conditional on the types of income-based redistribution we consider here: each
redistributive shock has its own sufficient statistic, and both model and data feature significant

MPC heterogeneity along other dimensions.

3.2 General equilibrium

The previous section confirmed common intuitions about the partial equilibrium effects of in-
creases in income inequality. It showed the precise sense in which the covariance between
MPCs and income matters, and showed that our baseline calibration is in line with available
information in the data.

However, it is clear that the relationship between income inequality and output is ulti-
mately a general equilibrium question. Figure 4 plots the effect under our three monetary
policy rules.

In the ZLB and constant-r cases, the results resemble partial equilibrium: output falls on im-
pact by a magnitude similar to consumption, as investment and government spending are little
changed. In the neoclassical case, by contrast, outcomes are reversed in general equilibrium:
there is a small positive effect on the path of output. A decline in real interest rates mitigates the
decline in consumption and elicits a rise in investment, creating enough demand to maintain
full employment. Higher investment accumulates to a larger capital stock, leading to a slight
rise in output after the first period.

Figure 4 therefore illustrates that the response of real interest rates is crucial in determining

24The SHIW MPCs are self-reported measures of marginal propensities to consume. Parker and Souleles (2017)
has recently shown that these measures tend to correlate highly with estimates from actual behavior in surveys.
Similar magnitudes for the covariance between MPCs and income using alternative sources of identification for
MPCs can be found in US data (Auclert 2017) and in Norwegian data (Fagereng, Holm and Natvik 2016).
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Figure 4: General equilibrium

whether partial equilibrium effects carry over to general equilibrium. The decline in aggre-
gate consumption demand from an inequality shock will cause a decline in output unless real
interest rates fall by enough—in this case, an immediate decline of 20 basis points. In our
benchmark case, the zero lower bound prevents this decline, but many alternative monetary
policy rules would deliver a similar output decline. For instance, we show that is the case for
typical calibrations of Taylor rules in appendix D.4.

Investment and the paradox of thrift. One striking difference across experiments in figure 4

is the behavior of aggregate investment. Appendix A.1 shows that, given new path for {ry, L;},
It = [; — 5K;_1 always responds by

) 1 s+1
drret = eIIS;) <1—|—1’> {dMPKpys1 — driys} (22)
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Figure 5: Increase in income inequality: from partial to general equilibrium

where MPK; = Fx (K;—1, Lt). Hence, the effect on net investment reflects the combination of a
cost of capital effect (dr;) and an effect on the marginal product of capital ({ MPKj).

In the neoclassical case, the decline in r dominates, leading to a rise in investment. In both
the ZLB and the constant-r cases, by contrast, the real interest rate is roughly unchanged, so the
investment response is driven by the marginal product of capital, which declines endogenously
due to the fall in employment. Since net saving in the economy equals net investment, this
implies that net saving must decline in equilibrium. This is the paradox of thrift described by
Keynes (1936): while the shock to inequality raises saving in partial equilibrium, it lowers

saving in general equilibrium.25

3.3 From partial to general equilibrium: the multiplier methodology

A striking feature of constant-r and ZLB experiments is that the general equilibrium output
effect looks similar to the partial equilibrium consumption effect, with a similar time path and
magnitude. In the following theorem, we generalize this observation by establishing that there
exists a precise mapping between partial and general equilibrium outcomes, and that this map-

ping is close to the identity for constant-r and ZLB policy.

Theorem 4. There exists an output multiplier matrix Gy such that, for any transitory redistributive

labor income shock, the impulse response of output to that shock is given, to first order, by
dY = Gy - 9C (23)

where 0C is the partial equilibrium consumption effect of the shock, which satisfies NPV (0C) = 0.

The theorem says that redistributive labor income shocks affect output only through their
partial equilibrium effect 0C, and that this effect works through a matrix Gy that is inde-

25 Although private saving rises, this is more than offset by public deficits due to countercyclical fiscal policy. As
we will see in section 3.4, this fiscal policy actually mitigates the decline in output, and therefore also mitigates the
paradox of thrift.
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pendent of the shock.?® Theorem 4 therefore conceptually separates the partial equilibrium
question of how inequality shocks affect consumption from the general equilibrium ques-
tion of how changes in desired consumption affect aggregate outcomes. To obtain the tran-
sitory effect of one-time shocks, we can combine proposition 3 and theorem 4 to obtain Y =
GyCov (MPC;, dyi).

Figure 5 illustrates the theorem by plotting multipliers Gy under our benchmark monetary
policy (ZLB) rule. The left panel reproduces the partial equilibrium shock path from figure
2. The middle panel plots selected rows of the matrix Gy. The row for a given time t shows
the weights on the partial equilibrium path dC from the left panel that aggregate to produce
dY;. As is clear, Gy is fairly close to the identity matrix for this benchmark monetary policy,
with diagonal entries close to 1 and all other entries close to 0. With sufficiently short-lived
partial equilibrium responses, as with the shock we currently consider, these off-diagonal en-
tries can approximately be disregarded. This explains why the partial and general equilibrium
responses look so similar.

There are, however, subtle differences between the two. Most notably, while the partial
equilibrium path has net present value zero—offsetting low consumption in the years follow-
ing the shock with slightly higher consumption in later years—the general equilibrium path is

strictly negative in every year.

3.4 Determinants of multipliers

We now study how various model parameters and policy affect the general equilibrium re-
sponse to inequality shocks. To do this, we use the lens of theorem 4: we study aspects of the
model that affect the multiplier matrix Gy without altering the partial equilibrium path JC,
which remains the same as in figure 5. We focus on the multipliers because they are more sen-
sitive to model uncertainty, in contrast to the partial equilibrium path, which is disciplined by
a sufficient statistic.

Figure 6 displays the effect of changing the monetary rule, the fiscal rule, and the degree
of endogenous inequality as summarized by the  function. The top panels show the output
multipliers for dYy, i.e. the first row of Gy. The bottom panels show the general equilibrium
output paths.

On the left, we display the effect of changing monetary rules, just as in figure 4. Unsurpris-
ingly, the ZLB and constant-r multipliers are very close to each other, and load on the immedi-
ate partial equilibrium impact with a value near one. By contrast, the neoclassical multipliers
are exactly zero, reflecting the fact that, with predetermined capital and full employment, out-

put cannot vary at t = 0.

26This is the generalized matrix form of equation (1) discussed in the introduction, which refers to only the first
row of (23). In the proof of theorem 4, we show that an analogue exists for all macroeconomic aggregates, not just
output.
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Figure 6: Determinants of multipliers: monetary, fiscal, inequality

In the middle column, we show the effect of progressively less countercyclical fiscal rules.
When the government does not run deficits in response to low employment (ep;, = 0), the
effects of inequality shocks are amplified, with a contemporaneous multiplier above one. There
are also significant general equilibrium spillover effects from later dates: the multipliers for
dYy remain well above zero for dC; with t > 0. Both contribute to a larger general equilibrium
response, as seen in the lower panel. This pattern becomes slightly more pronounced when we
also shut down the response of government spending to employment (e, = 0).

On the right, we display the effect of alternative income incidence rules -y. First, we com-
pare our benchmark to a case with equal incidence (v = 1). In our benchmark calibration to
Guvenen et al. (2017) worker betas, both low and high income individuals are relatively sensi-
tive to aggregate income. Since the former have high and the latter have low MPCs, the effect
of counterfactually assuming equal incidence is in principle ambiguous, but quantitatively the
sensitivity of the rich is more important, and hence the equal incidence case has slightly more
amplification. We next consider a rule in which low income states are disproportionately af-
fected by low aggregate employment, leading to countercyclical income risk. This features
still more amplification, an effect that we might call the inequality multiplier: the endogenous
inequality generated by a slump makes the slump even larger.

In conclusion, although procyclical fiscal policy and countercyclical income risk affect the
extent of amplification, the most important driver of general equilibrium outcomes is the mon-
etary rule. In figure 6, neoclassical monetary policy eliminates the output response altogether,
while all other variations in the model alter the output response by no more than 50%.
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Figure 7: Effect of increasing shock persistence

3.5 Persistence

So far we have explored the effect of purely transitory shocks, relating them to a simple suf-
ficient statistic. This sheds considerable light on the effect of income redistribution on output,
and the role played by marginal propensities to consume in this process. However, figure 1
illustrates that the rise in income inequality is not just a transitory phenomenon. It displays a
clear trend, requiring us to consider the effect of persistence.

To do so, we must take a stance on how household income processes are changing. We
address this issue in more detail in the next section. Here, we consider only our main experi-
ment, one that spreads out the persistent and transitory components of earnings equally so as
to achieve a target path for the standard deviation of log incomes. As before, we assume that
this standard deviation increases at t = 0 by 0.04, but this change now persists at a rate p > 0:

sd (logery1) —sd (logess) = p (sd (loge;) —sd (logess)) + €

Figure 7 plots partial and general equilibrium outcomes as we vary p. In partial equilibrium,
increasing persistence implies a more negative immediate consumption effect and a slower
bounce back. As before, this reflects redistribution taking place over a longer time period, as
the incomes of the poor are lower for longer. It also, however, reflects a new channel: the
desire to accumulate precautionary savings in response to the higher income risk associated
with persistent inequality.

In general equilibrium, the effect is larger on impact and much more persistent, especially
as p approaches 1. For instance, in the p = 0.98 case, the partial equilibrium effect is positive
starting at t = 40, but the general equilibrium effect remains significantly negative even at
t = 100. In terms of the output multiplier matrix Gy, this reflects the accumulation of many
off-diagonal entries, which are together nontrivial due to the persistence of the shock.

The most extreme case is that of a permanent increase in inequality o = 1, for which general

equilibrium output never recovers, even though partial equilibrium consumption eventually
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does. Here, partial equilibrium consumption effects are no longer useful in determining long-
run output responses. Studying this relationship necessitates a new set of tools, which we
develop in the next section.

4 Inequality in the long run

We now consider the effect of long-run increases in inequality. Our main experiment is now
that of the dashed line in figure 1, and a continuation of the p = 1 case of the previous section.
We first consider the partial equilibrium effect, but emphasize the role of asset accumulation
rather than consumption, since our experiments do not affect the latter in the long run. We then
turn to the general equilibrium output effect.

4.1 Partial equilibrium effect

Figure 8 shows the partial equilibrium effect of increasing inequality under our benchmark
scenario and three alternative assumptions about the drivers of the increase in inequality: fixed
effects, the transitory component, or the persistent component of earnings risk.

In each of these scenarios, consumption falls in the short run as agents accumulate assets,
before recovering in the long run. By contrast, aggregate assets accumulate toward a new,
higher steady state. When inequality is caused by increased volatility, the magnitudes are
substantial: assets increase by somewhere between 30 and 45 percent of steady state output
(respectively 8 and 12 percent of steady state assets). By contrast, when inequality is the result
of more dispersed fixed effects, the steady state effects are near zero. The following proposition
sheds light on this result.

Proposition 5. When the tax and transfer system has no lump-sum component (t" = 0), changes in
the distribution of fixed effects w; in equation (20) have no effect on the steady-state levels of assets and
consumption.
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Proposition 5 arises from the homotheticity of intertemporal consumption embodied in our

1
Cl v

1—v-1°
consumption and savings behavior, both at the individual and at the aggregate level.” It is

choice of utility u (c) =

This homotheticity is the prevalent assumption in models of

therefore a useful benchmark to study the consequences of long-run increases in income in-
equality. Under this assumption, the savings rate is neutral with respect to shocks that scale
up or down the entire after-tax income process. Thanks to our redistributive fiscal rule with
" > 0, this neutrality does not quite hold for changes in fixed effects, but figure 8 indicates
that the departure from neutrality is insignificant in practice.

This result shows that the consequences of the observed long run increase in inequality de-
pend on its underlying drivers, and particularly on the distinction between rising fixed effects
and a rising persistent component of earnings risk, which induces the largest asset response in
tigure 8. Empirically, this distinction is difficult because existing studies of earnings dynamics
tend to focus on individual earnings trajectories rather than tracking generations over time.
If individual fixed effects are mean-reverting, they may correspond more closely to persistent
shocks in our infinite-horizon setting.?® Distinguishing between these two sources of long-run

increases in inequality is an important question for empirical work going forward.

Empirical assessment. =~ We now connect to the existing empirical evidence on the effect of
risk on savings to judge whether the magnitudes implied by figure 8 are reasonable. There
exists a long empirical literature on the topic (see Browning and Lusardi (1996) for a survey).

A typical regression in this literature is

loga; = ucnsf,? + aest + BZi + u; (24)

where a; is individual wealth and Z; are individual-level controls. In (24), a, provides a

weighted average of individual semielasticities of wealth to a change in the variance of in-
2

in’
innovations to the transitory component s%. These cross-sectional elasticities correspond to the

novations to the permanent component of earnings, s: , while a. provides the equivalent for

partial equilibrium outcomes in our model in which aggregates are held constant.”” Hence

the direct counterpart of a; and a. in the model is the partial derivative of log aggregate asset

demand with respect to the innovations to each component x € {7, e} holding income and
dlog A%
0s2

Table 3 compares the figures given by the model and those from the data as computed by

interest rates fixed,

Carroll and Samwick (1997), a reference in the literature. The first two columns directly com-

27 A number of important entries in the literature, such as De Nardi and Fella (2017), have questioned this homo-
theticity assumption on the grounds that it cannot account for the savings behavior of the rich. Recently, Straub
(2017) has shown that consumption appears not to scale linearly with permanent income, a sign of aggregate non-
homotheticities. In these models, permanent income inequality can have large effects on aggregate savings in the
long run.

2Boar (2017) provides empirical support for the view that parents save to insure against children’s earnings
risk, and suggests that infinite-horizon incomplete markets models can be interpreted as dynastic models with this
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Data Model
dloga;/0s?, dlog A?/ds2  dlog A?/dc?

Persistent (77) 12.09 12.87 1.59
Transitory () 7.11 0.50 0.97
Fixed effects — — 0.06
Benchmark persistent + transitory — — 1.44

Table 3: Response of savings to income process changes

pare the relevant estimates, and show that model and data implications for the semielasticity
of asset demand to persistent income risk are extremely close. By contrast, the model’s im-
plied elasticity of asset demand to transitory income risk is below the data by a factor of 14,
suggesting that, if anything, our large estimates of the effect of inequality on savings are an
understatement of potential empirical magnitudes.

The last column translates this evidence into semielasticities of asset demand with respect
dlog A 30
a2z
use in the next section, consider an experiment that increases the cross-sectional standard de-

to cross-sectional variance, To translate these numbers into magnitudes that we will
viation of log earnings by do, and therefore its variance by do? = 1.84do. Suppose that the
persistent, the transitory, and the fixed effect components of earnings risk respectively account
for SharePersistent, ShareTransitory, and ShareFixedEffects of this variance increase. Then,
multiplying by 1.84, table 3 implies that the semielasticity of savings to ¢ is

dlog A?

o 2.93 x SharePersistent + 1.78 x ShareTransitory + 0.11 x ShareFixedEffects (25)

For example, our benchmark experiment has SharePersistent = 0.76 and ShareFixedEffects =

d
0, and therefore aloa%A = 2.66: every 1-point increase in ¢ translates into a 2.66% increase in

assets. We will next show why this number is a sufficient statistic for the long-run outcome.

4.2 Steady state in a special case

It is useful to first focus on a special tractable case of the model. While this case may not be
quantitatively realistic, it clearly illustrates the forces that shape long-run employment out-
comes, including the roles played by monetary and fiscal policy. This special case modifies our
benchmark calibration to feature:

a) Equal incidence: 7y (s,L) =1Vs, L

intergenerational saving motive.
2By contrast, time series changes in income risk can only be mapped to general equilibrium model outcomes, a
much more difficult task.
3In all i ional vari 7 scales linearly in i i i 2. The ratio 07 /s%
our experiments, cross-sectional variance ¢y scales linearly in innovation variance s3. The ratio oy /sy
reflects the persistence of income innovations.
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b) No responsiveness of deficits or spending: €1, = €p;, = 0 (hence B; = B and G; = G, Vt)

As appendix C.2 explains, long-run equilibrium in the model is characterized a single market

clearing equation for the stocks of assets,*!
A=B+K (26)

Under our assumptions, asset demand A and asset supply B + K are, in steady state, both linear
functions of L.

Proposition 6. Assume that a) and b) hold. Then the steady-state real interest rate r and employment

level L jointly solve the equation

(w(r)L—(G+rB))a@ (r,0) =B+« (r)L 27)

A
W
(1-18)FL

and the real interest rate r (a function independent of T8, ¥ or L) and w (r), « (r) are the steady state

where @ (r,0) = is steady-state asset demand given the income process parametrized by o

real wage and capital-labor ratio given r.

The key to the proof is again the homotheticity property of consumption-savings decisions
in our model. Homotheticity implies that steady-state asset accumulation is proportional to
aggregate pre-tax labor income (1 — 9) %L, which is the ultimate source of savings for house-
holds. The rest of the proof follows from the steady state government budget constraint and
long-run neoclassical factor demand conditions.

Figure 9 contrasts the determination of long-run equilibrium under neoclassical monetary
policy (wWhere employment is constant at L = 1 and the real interest rate r adjusts to clear mar-
kets), and under ZLB monetary policy (where instead r is fixed and L adjusts to clear markets).
As discussed in the previous section, a rise in inequality raises asset demand at a given level
of r and L. Under neoclassical monetary policy, the real interest rate falls and the capital stock
increases, boosting long-run output. The equilibrating forces at the ZLB are quite different: an
increase in asset demand leads to a decline in employment, which further reduces asset sup-
ply as firms readjust their capital stock to bring its marginal product back in line with its cost
r + 6—another manifestation of the paradox of thrift. The equilibrium outcome can be a large
fallin L.

We now examine the quantitative implications of Proposition 6, tying them back to the
dlog A?
oo

magnitude of the asset demand effect of inequality characterized in the previous section.

Corollary 7. To first order, the equilibrating changes in the natural interest rate r* (under neoclassical
monetary policy) or in output and employment (under ZLB or constant-r policy) that result from a

31Studying equilibrium in the goods market does not suffice: see appendix D.2.
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Figure 9: Monetary policy rule and equilibrium determination (special case)

change in o are given by

_ d
dr = 1 9dlogA” . (28)
€p — €5 OO
dy dL —~1 dlog A®
== = do (29)
Y L By = oo

where ep, €g are the semielasticities of asset demand and supply with respect to r.

Corollary 7 provides a simple steady state version of theorem 4. The equilibrium change in
price or quantity depends on the extent to which the asset demand curve shifts (our sufficient
statistic) and on the difference in the semielasticities of asset demand and supply. When it
is employment that adjusts, these semielasticities take a particularly simple form, so that the
multiplier is a function of observables: the sum of the bond to asset ratio (§ = 15% in our
calibration) and a simple function of the tax rate (% = 27%). This leads to an output-on-
asset multiplier of m = 2.4. Given that our benchmark increase in income inequality
of do = 0.04 pushes up asset demand by 2.66 x 0.04 ~ 10%, inequality therefore implies an
output fall of 24%!** This stark outcome reveals the instability of economies that suffer from
secular stagnation. In the next section, we show how proactive fiscal policy can dramatically

mitigate the output decline.

32We can contrast this 24% output fall with the modest decline in the long-run real interest rate of 21 basis points
under neoclassical monetary policy. Interest rate declines are effective at restoring equilibrium because the long-run
elasticities ep and €g of asset supply and demand are large—a common feature of general equilibrium models that
we discuss further in section 5. This contrast will become less extreme in the next section, as declines in L become
much more effective at restoring equilibrium with our richer fiscal policy and income incidence rules.
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Figure 10: Role of fiscal policy and income incidence

4.3 Steady state in the general case

Our general model differs from the special case discussed in the preceding section because our
calibrated fiscal rules imply that both government debt and government spending are respon-
sive to falls in employment, and because our calibrated income incidence function < departs
from the equal incidence benchmark.

Consider first the effect of the fiscal rule, holding income incidence at ¢y = 1. In a steady
state with employment L below its initial steady state level of Ls;, we see from (14) that steady-
state bonds B are

B =B+ Pl (Ly—L).
€DB

Fiscal policy therefore endogenously raises asset supply A = K + B as employment falls. In
our baseline calibration, this effect is powerful enough that the slope of the asset supply curve
changes sign, as illustrated in the left panel of figure 10. This shows the power of expansionary
fiscal policy in sustaining demand in the long run by acting as a source of assets for the econ-
omy,33 thereby substituting for the lack of appropriate monetary policy. Quantitatively, this is
a very powerful effect: with our calibrated fiscal rule, equilibrium moves from point S to point
s, propping up employment by over 15 points.

Consider next the effect of income incidence. Departing from the v = 1 benchmark implies

that the asset demand curve is no longer linear in employment, since changes in aggregate

33The left panel of figure 10 also shows that fiscal policy affects the asset demand curve, rotating it to the left. The
reason is that steady-state taxes must rise to be consistent with the higher level of government spending. Lower
employment in steady state therefore lowers individuals’ post-tax labor incomes and induces them to save less,
explaining the direction of rotation of the asset demand curve.
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income now affect the structure of risk that individuals face. Relative to this benchmark, there
are two effects at play when employment falls. If the incomes of low-skill individuals are
affected by more, this could raise aggregate precautionary savings. If the incomes of high-
skill individuals are affected by more, on the other hand, aggregate savings could fall due
to a wealth effect. As was the case in the short-run, in our calibration to the Guvenen et al.
(2017) worker betas, the effect at the top dominates and is overall mitigating,>* with equilibrium
employment propped up by an extra point.

Just as with equation (29), it is possible to put all of these effects together and obtain a
formula for the aggregate multiplier that translates a given change in asset demand into an

effect on long-run output.

Proposition 8. To first order, the long-run output response is given by

dY -1 dlog A“
S = = 8= do (30)
Attt tnrtm 90
_\w
where np = Y28 (% + (Pzgﬁu) + Yy, and ;= alogA/((alL )FL) o the contributions of

fiscal policy and income incidence to the steady-state multiplier. The change in r* is still given by
equation (28).

Proposition 8 shows the importance of fiscal policy in mitigating the recession, as well as the
possibly ambiguous effect of income incidence. Quantitatively, #r = 3 and 7 = 1.5. Together,
these forces bring down the output multiplier in (30) from 2.4 in the special case of the previous
section to only 0.21 in our benchmark, shrinking the fall in output to a milder 2.1%.

4.4 Transition dynamics

Figure 11 shows the impulse response to the benchmark long-run income inequality shock un-
der our three monetary policy rules. Once again, the transitions for the constant-r and the ZLB
case are very close, and we have already established that they converge to identical steady
states, with the level of output reduced by 2.1%. The adjustment toward steady state outcomes
for output, consumption, and investment is almost immediate. This is true even though fiscal
policy takes several decades to converge to the new steady state for bonds, and capital disin-
vestment also takes several decades to run its course.

Under neoclassical policy, by contrast, the transition dynamics of all aggregate variables are
slower. Here, the dominant force is capital accumulation, which absorbs the rise in saving and
leads to higher output in the long run. Since capital is a stock, this accumulation takes place
over many decades, and the real interest rate declines at a similarly slow pace.

341f on the contrary, the precautionary savings effect dominates, it is possible for the asset demand curve to
become backward bending and for multiple equilibria to appear. See appendix D.6 for such an example.
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Figure 11: General equilibrium

4.5 Policy solutions at the zero lower bound

We conclude this section by discussing how various features of the environment affect equilib-
rium under our benchmark monetary policy constrained by the zero lower bound.

We first ask whether wage adjustment can help improve long-run outcomes. One intuition
is that, since the downward rigidity of wages (11) is the root cause of the long-run slump, it
may help to let wages fall faster. As the left panel of figure 12 shows, however, this intuition is
incorrect. The more « falls, the more depressed long-run employment is—and moreover, this
force is quantitatively very potent: when x = 0.97 and long-run wages fall at a rate of 3%,
long-run disemployment falls from our benchmark of 4.6% to a dire 33%. The reason is that, in
steady-state, long-run wage deflation implies long-run price deflation, pushing up the steady-
state real interest rate and causing a decline in employment. This mechanism is often called the
paradox of flexibility (e.g., Eggertsson 2011 or Werning 2012).

Next, we ask whether introducing an less-than-zero effective lower bound on nominal in-
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Figure 12: Alternative general equilibrium adjustments

terest rates can improve outcomes. Many central banks have started implementing negative
nominal rates (see for example Rognlie 2015b). We therefore consider varying i in equation
(18) from its benchmark value of zero to more negative values. The middle panel of figure 12
shows that, in our model, the benefits of breaking through the zero lower bound are quantita-
tively large. The mechanism here is exactly the reverse of the effect of wage deflation.

Another policy tool that has been proposed to fight the zero lower bound is raising the
inflation target (e.g. Coibion, Gorodnichenko and Wieland 2012). The right panel of figure 12
shows that, indeed, another full employment equilibrium exists in our model provided that the
increase in inflation target is large enough. The logic is that the increase in the inflation target
might achieve a lower equilibrium real interest rate despite the zero lower bound. However,
there is always an equilibrium in which the downward wage rigidity (11) remains binding and

inflation is below the target: the central bank wants inflation but cannot achieve it.>

5 Inequality and the decline in r*

According to Laubach and Williams (2015), there has been a 4 percentage point decline in the
natural interest rate r* since 1980. How much of this can we attribute to rising labor income
inequality? We answer this question by computing the decline in r* implied by our model,
given the observed path of inequality since 1980.

More specifically, we first recalibrate the model to a 1980 steady state, as described in more
detail in appendix B.5. We then feed in the historical path for the standard deviation of log
earnings in the right panel of figure 13 and compute model outcomes, assuming neoclassical
monetary policy so that employment is kept at potential throughout the transition. In this
thought experiment, households become fully informed in 1980 about the new path for in-
equality, and they assume it will remain at its 2013 level forever. The left panel of figure 13
shows the resulting path for the real interest rate: an eventual fall in r* of 82 basis points, with

35Gee section C.3 for a formal analysis of steady-state equilibrium multiplicity.
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Figure 13: Inequality and the r* decline

a very slow transition. This is roughly one-fifth of the observed decline.
Equation (28) helps us decompose the sources of this fall in *. We can first ask how much
the rise in inequality would increase aggregate asset demand, holding everything constant. In

d
this new calibration, this is aloa%A = 3.11. Next, we can ask how elastic asset demand and asset

supply are to the real interest rate. Our model implies a semielasticity of asset demand ep ~ 27
and a semielasticity of asset supply €5 ~ —16. Putting those numbers together, (28) predicts a
steady-state decline in 7* from the observed increase of 12 points in the standard deviation of

log earnings of
9log A?

_d*: Jdor —
’ €p — €5 27+ 16

X d 11 12
o _311x012 o, 31)

basis points, only slightly above what we compute in the model on account of nonlinearities
from the large shock.
This exercise is another application of our sufficient statistic methodology, separating the

d
general equilibrium outcome into two parts. First, there is the impulse al%%A x do to the asset

demand curve, a partial equilibrium sufficient statistic for the inequality shock that we vali-

dated empirically in section 4.1 (assuming that inequality reflects a rise in income risk). Second,
1

€p—E€g 4

the asset demand and supply curves to restore equilibrium. Since this multiplier is small, it

there is the general equilibrium multiplier

which tells us how far we need to move along

converts the fairly substantial impulse to asset demand in (31), a rise of 3.11 x 0.12 ~ 37%, into
a moderate decline in r* of 82 basis points.

The small multiplier arises from the large interest semielasticities of asset supply and de-
mand in the model. The asset supply semielasticity, es ~ —16, follows directly from the capital
demand implied by our Cobb-Douglas production function.® The asset demand semielastic-

36Explicitly, it can be written as €5 = — % % ﬁ, where ¢ is the elasticity of substitution between capital and labor.
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ity, ep ~ 27, captures the usual long-run interest sensitivity of household savings in Aiyagari
models—which, although there is no longer an infinite elasticity as in a representative agent
model, is still quite high. There is a plausible case for smaller elasticities: for instance, some
of the empirical literature on the production function points to an elasticity of substitution less
than one (implying smaller €5), and OLG models can feature strong income effects that dampen
or overturn the savings response to interest rates (implying smaller ep). Either change would
lead to a larger multiplier, and therefore an even larger role for inequality in the long-run r*
decline.

We argue that this analysis illustrates the value of our methodology: decomposing via (31)
allows us to identify which features of the model matter most to the general equilibrium out-
come. Going forward, the role of asset supply and demand elasticities will be an important

question for the literature on secular stagnation and the natural rate.

6 Inequality and the labor share

The paper has thus far considered the impact of changes in labor income inequality. Another
key dimension of the income distribution is the split between labor and capital income. The
recent global decline in the labor share is a widely-studied macroeconomic trend, and although
its contribution to overall inequality to date has been much smaller than that from labor income
inequality (see Francese and Mulas-Granados 2015), it may rise in importance going forward.
The model in section 2 features a Cobb-Douglas production function with a fixed labor
share parameter «. It also assumes a perfectly competitive production sector, eliminating the
possibility of rising markups—which recent work has suggested to be a major cause of the de-
clining labor share.?” To study the impact of changes in the labor share, therefore, it is necessary
to enrich the model. We do so along three dimensions: allowing for a general production func-
tion, allowing the price of investment to vary, and replacing competitive with monopolistic

production.

Modified production model. The final good is produced by a competitive retail sector that
packages a continuum of intermediate goods xj;:

Y = < / 1@)#)" (32)

One unit of the final good can be transformed costlessly into one unit of the consumption
good and 1/X; units of the investment good. The price of investment is therefore Ptl = X;P,

1\l
where P; = ( fol(Pjt)f‘tfl) is the price of consumption, which we continue to use as the

In our 1980 calibration, % =091, =0.81,e=1,and r + 6 = 0.069.
37See Rognlie (2015a), Barkai (2016), de Loecker and Eeckhout (2017).
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numeraire. A decline in X; represents an exogenous improvement in the production technology
for investment goods relative to the technology for consumption goods.
Each intermediate good j is produced by a monopolistically competitive firm j, which has
the production function
xjr = F(Kji—1,Ljt) (33)

where Kj;_1 is the capital owned by the firm at the beginning of period ¢. Capital adjustment
costs remain the same, but must be paid in investment goods. We maintain our assumption
that firm profits are capitalized into the value of assets that households trade. As before, each
firm maximizes the present value of the path of dividends {d;}, with the price P; now being
an additional choice variable. Given the demands implied by (32), firms optimally set P;; equal
to u times marginal cost, allowing us to interpret i as a markup.

Assuming all firms are identical initially, they remain identical at all times and their shares
will trade at the same real price p;. For simplicity, we will assume that the only equity asset
traded by households is a composite share of all firms, which also trades at p;. Appendix A.1
shows that p; = : XKy 4 I'l;, where 4, X;K; is the value of installed capital and I1; is the present
discounted value of monopoly profits. In steady state, this reduces to

(1-3)Y
p=gXK+1I = XK+ p (34)

where <1 — %) Y is the steady-state flow monopolists’ profit, capitalized into I at rate r.%

Finally, we assume that the fiscal rules (13) and (14) are normalized by the Y that occurs
in steady state after the shock, rather than by the initial Ys;. This keeps the effective stance of
fiscal policy constant as we change the production side of the economy, which is important for
isolating the impact of the labor share.

Steady-state result. With the newly-enriched model, we can study the effects of three distinct
shocks that influence the labor share: shocks to the production function, investment prices, and

markups.

Proposition 9. Consider an exogenous change in the production function or investment prices, or a
rise in markups, that leads to a decrease in the labor share holding r constant. Under zero lower bound
or constant-r policy, this causes an increase in aggregate employment starting from a depressed steady
state. Under neoclassical policy, it causes a rise in r*.

3Note that this formula requires r > 0, which is inconsistent with our original calibration to r = 0. Given the
assumptions in this section, ¥ > 0 will always hold in steady-state equilibrium: asset supply (34) approaches infinity
asas r | 0, and equilibrium with asset demand will hold for some strictly positive r. We therefore consider » > 0 in
this section. An earlier version of this paper added an “equity premium” such that asset supply can be finite even
for negative risk-free r.
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This simple but surprising result provides a unified analysis of the labor share and aggre-
gate demand. The contrast with section 4 is striking: there, a rise in labor income inequality
was contractionary in the long run, while here, a fall in the labor share is expansionary, even
though it also increases overall income inequality.* The intuition behind proposition 9 is that
a decline in the labor share, by increasing the capital or profit shares, pushes up the total value
of assets supplied by the private sector—and in our framework, an increase in asset supply
relative to demand is expansionary in the long run.*

When thinking about income distribution, therefore, it is important to consider which in-
come streams will be capitalized into tradable assets. This is one instance of a more general
theme in this paper: the effects of inequality on aggregate demand may not be as large as

commonly assumed, and very much depend on the source of that inequality.

7 Conclusion

In this paper, we proposed a framework to analyze the effects of changes in the income distri-
bution on consumption and output. We found that transitory income redistribution can lead
to declines in both consumption and output, but that this effect is likely small. By contrast, we
found that the long-run effect of income inequality, if it involves an increase in idiosyncratic
income risk, can potentially be quite large.

There are several important directions for future research. On the theory side, the most
important next step is to better understand the dynamic general equilibrium multipliers in
theorem 4, which here we are only able to compute numerically. We pursue this agenda in Au-
clert, Rognlie and Straub (2017), relating these multipliers to individual marginal propensities
to consume. On the empirical side, our research calls for better empirical evidence on the re-
lationship between marginal propensities to consume and income, for revived attention on the
empirical magnitude of precautionary savings, and for disentangling the role of fixed effects

relative to persistent income risk in explaining the recent rise in income inequality.
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Appendix for Inequality and Aggregate Demand

A Model details and summary of equations

A1 The firm problem

Extended model. We start by considering the extended model in section 6, and will obtain results for
the baseline model of the production sector for sections 2-5 as a special case.

Let J;—4 (K{_l) be the value of firm j with capital K;_l at the end of period t — 1. The firm problem is
defined recursively as follows:

()i (K]y) = max THF (KL, L) = 5L
K},L,pl *t t
2

: ‘ 1 (K-K - -
) ] t t—1 ] )
—X (Kt — (1= 0K + 55 ( 7 ) KH) + i (Kt) (35)

, . 1 _q
Py (F(Ki_yﬂt)) .

Y}

where P{ is the firm’s sales price and the constraint gives the demand induced by the CES final goods

aggregator. '
Taking the first-order condition with respect to K} in (35), we obtain
1 Ki — K{ 1 Loy iwi '
— L) = J(K)-1=4, -1 36
de; ( K, Xt]t( | q (36)

where we define q{ = X% Ji (Ki) as the marginal value of capital normalized by price. Using the fact that
firms are symmetric, and that therefore they will make identical choices (and have identical trajectories)
if they start identical, we can replace K{ and KLl with K; and K;_1, and conclude that q]t has a common

1 [(Ki—K;
— ) =g -1 7
deg ( K1 > o 37

value of g; for all firms j:

Now, going back to (35), rewrite the choice variable K{ as capital growth k; = K{ / Ki—l and substitute in
the demand constraint to obtain

i : N 1-L W,
(1+71)Ji—1(Kl_;) = max F (K{_l,L{L) ey, m 2Ly

P
ke, L},P] t

— XK ((kt —(1-6))+ %ﬂ(kt - 1)2> +Ji (kK],) @9)

43



Taking the envelope condition with respect to K;_l, we obtain

1—L

. 1 . . Yt Mt
A+r_)J ((K_))==F(K_,,[}) | ———
=1\ -1 i t—17 -t F(K;_l,L{L)

— Xy <(kt — (1 — 5)) + %Gj(kt - 1)2> + kt];(ktKi—l)

Again using symmetry and the definition of q;, we can rewrite this in terms of aggregates as
1
(L+r1)Xe1qe1 = EFK(Kt—l/Lt)
K; 1 (K —K_1\? K;
-X -(1-4 Xi— 39
' (Ktl ( )+25€I ( Ki1 ) * K™ 39)

Finally, taking the first-order condition for L]; in (38) and using symmetry to write in terms of aggregates,

we have simply

1 W
EFL(Kt—l/Lt) =7 (40)

Together, equations (37), (39), and (40) characterize the solution to the firm’s problem.

Total firm value. Defining p; = J;(K;) to be the aggregate value of firm shares, and rewriting (38) in
aggregates, we get

W, 1 [(Ki—Ki1)\?
(1 + Vt—l)}?t—l = F(Kt—lr Lt) - ?:Lt — Xt <K,§ — (]_ — 5)Kt—l + 2561 ( thilt 1> Kt—l) + Pt (41)
Multiplying (39) by K;_; and subtracting from (41), we get
1 Wi
(T 4r-1)(pr—1 — Xe—19¢-1Ke—1) = F(Kp—1, Lt) — ﬁFK(Kt—lf Li)K—1 — ?tLt + pr — Xiq: Ky (42)

Using (40) and the first-order homogeneity of F, we have %FK(Kt_l, LK 1 + %’Lt = %F(Kt_l, Ly),
and (42) becomes simply

1
(I +7r1)(pro1 — Xe-19i1Ki1) = (1 - Vt) F(Ki-1, L) + (pr — Xeq:Kt)
Defining I'l; = p; — X;4:K;, this is a recursion in I1;
1
(I+r ) = (1 - ]/l) Y + 11, (43)
t

and I1; is clearly just the present discounted value of flow monopolistic profits (1 - i) Y;.
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Putting it all together, we can express the price p; of firm shares as
pr =11 + Xpq: Ky (44)

where I1; is the capitalized value of profits given by (43), and g; is the price in investment goods of
installed capital given by (39).

Steady-state share value. In steady state, contant K implies from (37) that ¢ = 1. Further, solving

1-1)y
(43), we get I = @ Hence the value of shares is

r

(=)

p=-—1T"—+XK (45)
Baseline model. In the baseline model prior to section 6, we have X; = 1, and production is compet-
itive rather than monopolistic. The representative firm’s problem in the competitive case, however, is
exactly the same as the monopolist’s problem (35) if we substitute in y; = 1, because then the firm can
sell an unlimited quantity at the market price P;.

We can therefore apply all results above to the baseline model, simply by substituting X; = 1 and
ur = 1 everywhere. With q¢ = J|_;(K;_1), (37) is unchanged

1 (Kiy—Ki1)
s (M) = 7
(39) becomes
. K; 1 Ky — Kt—] 2 K} ’
(1 +7-1)q-1 = Fx(Ki—1,Lt) (Ktl (1-0)+ e, < K, + thlqt (39")
and (40) becomes
W,
Fi(Ki—1,Le) = ?t (40"
t
Capitalized profits are I1; = 0, and the value of firm shares is just
pr = q:K; (44")
which reduces to simply
p=K (45")

in steady state.

Drivers of investment in the baseline model. Linearizing (39) around the steady state, we have
(1+r)dgs—q +dry_y = dMPK; + dq; (46)

where dMPK; = dFg(K;_1, Lt).
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Rewriting dg; as a forward-looking average given (46), we obtain

0 1 s+1
dgr = Z;') <1+7’> {dMPKt+s+l - d”t+s}
s=

Finally, using (37) combined with the observation that, in steady state, I = /K, this becomes

00 1 s+1
dIZZEt = GIIS;O (W) {dMPKt+S+1 - drH”S}

which is the expression (22) used in the analysis of section 3.2.

A.2 The household problem

Households maximize E [ p'u (c;;)], where u is a common period utility function and  a common
discount factor, subject to the sequence of period budget constraints

Cit + bit + proig = yi (sie) + (L +71i-1) bip—1 + (pr +di) vip—1 2
bi + proyy > 0

where the combined state s;; = (w;, 0;;) consists of a fixed effect w;, distributed with masses p(w;), and

an idiosyncratic state ¢ that follows an independent Markov process for each household i, with the
Markov transition matrix A (w;) possibly depending on the household fixed effect.

Simplification. As discussed briefly in section 2, perfect foresight implies that unless there is an
unanticipated shock at t 4- 1, the return on bonds and shares is equal:

147 = pt“;dt“ 47)
t

Wherever perfect foresight holds, therefore, we may define the consolidated asset position
aip = by + pro (48)
and simplify the household budget constraint (2) using (47) to be

cit +aip = yi (sit) + (1 +711-1) ajs1 (49)
a; >0

The household’s problem otherwise remains identical: it merely faces the budget constraint (49) rather
than (2).

Partial equilibrium. We first consider the partial equilibrium determination of aggregate consump-
tion and savings, building from the individual decision problem.
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Definition 10 (Household's simplified partial equilibrium decision problem). The household maximizes
utility E [¥ B'u (c;)] subject to the budget constraints

cit+ay = ye(si) + (T+7r-1)ai
a; > 0

given initial state (sjp,a; —1), and taking paths {y; (s)} and {r;} for the mapping of s to income and the
real interest rate as exogenous.

The solution to the simplified decision problem consists of recursive policy functions c(s,a) and
a;(s, a) for consumption ¢; and assets a; as a function of (s¢, 4;_1). By construction, these policy functions
only depend on {yu(s)},>; and {ru},>; ;-

Consider now aggregation. Starting with an initial distribution*! ¥_; over households (sp,a_1),
applying the policy functions a;(s,a) at each t leads to a series of distributions {¥}}, recursively given
by

(s, a) = L (' ls) e 1(s,af " s,a') (50)
s
Each ¥}, by construction, depends on ¥ _; and the full sequences {y;(s)} and {r;} of the after-tax income
process and real interest rate, through their impact on agents’ policy choices aj(s, a).
With these distributions, we can find aggregate consumption C; and assets A;

C = /ct(s,a)-d‘I’t_l (s,a) (51)

Ay = /at(s,a) ~d¥¢_1 (s, a) (52)

which also depend on ¥ _1, {y:(s)} and {r:}.

Definition 11 (Aggregate partial equilibrium). We refer to the functions CE({y:(s)}, {r:},¥_1) and
APE({yi{s}}, {rt}, ¥ _1) as aggregate partial equilibrium consumption and assets given initial distribution
v

At a steady state with constant  and income process {y(s)}, the simplified partial equilibrium de-
cision problem yields stationary decision rules css (s,4) and al; (s,a). Using the latter in (50) delivers a
distribution ¥ as a fixed point.

Definition 12 (Steady state partial equilibrium). We refer to the functions CLF ({y(s)},7) and ALF ({y{s}},7),
obtained by aggregating css (4,s) and al; (4, s) using the stationary distribution ¥, as steady state partial
equilibrium consumption and assets.

Next, we examine the general equilibrium determinants of aggregate consumption and assets. There
are two steps in building from the partial equilibrium: first, revaluation effects determine the initial asset
positions, and second, equilibrium effects affect the household income process.

General equilibrium 1: determination of asset positions. In general equilibrium, initial assets
a; _ are given by bonds and shares according to

aj,—1 =bj—1 +p-10; 1 (53)

41We write ¥;(s,a) = Pr((a;,si;) : a; < aand s = s).

47



We are given the initial joint distribution ¥ over (so,@; 1), where 4; 1 = b; _1 + pv; _1 is the value of
assets prior to the unanticipated shock being realized. We are also given the initial amount of govern-
ment bonds B_1, which is assumed to be fixed in any of our general equilibrium experiments. To to
obtain the joint distribution over (s, b; _1,v; —1), we proceed in two steps. First, we back out the share
price p that ensures market clearing before the shock, that is, p = Eg [a] — B_1. Next, we assume that
initially, each household i holds a fraction proportional to 6(4;) of its consolidated asset position 4; in
shares pv;. We calibrate the function 6(-) to match empirical features of household balance sheets as
explained in appendix B.1. We ensure that the market for shares clears at t = —1 by finding the constant

@ that ensures*?

®/ﬁile(ﬁi,fl)ﬁi,fld‘?(s&ﬁi,fl> =1

Given p_1, B_1, and (53), this procedure delivers an updated distribution ‘f_\l ( p-1,B_1, ‘?) over (sp,a; 1),
with

a1 = (1—-00(4;1)) &1+ prglée(ﬁi,fl)ﬁiﬁl
General equilibrium 2: determination of post-tax income. We further develop the consump-
tion and asset functions C; and A; by bringing in the general equilibrium determinants of the after-tax

income process {y:(s)}.
Pretax income is given by

zt (Sit) = % : <€t (sit) - Lt -y (sit, Lt)) 4)

where the mapping of ¢;(-) of states to endowments is given by the calibration, and after-tax income is
given by

wis) = (1) (7 Lo+ =)z () (16)

Combining (4) and (16), we see that {y(s)} is determined entirely by the exogenous initial distribu-
tion ¥, the exogenous paths {e;(s), 7/}, the endogenous share value p_1, and the endogenous paths
{%’, Lt, ¥ }. We therefore rewrite the aggregate consumption and asset functions as

G (o181, Lo i (e, LT = CFE (@) ) ¥ (B ¥)) 59

A (pou By L nhila(), 71 ¥) = AT () ), T (paiB o ¥)) 69

where

n(s) = (1=7F) Frb (d + (= )er ()7 5, L0)

Let x = (p,l, {%t, Ls, ‘L'tg , rt} ) be the vector containing all the endogenous series that enter in the

determination of C; and Ay, and let ¢ = ({e:(s)}+, {7/ },) be the vector of exogenous series, which we
refer to in Definition 2 as redistributive labor income shocks. Given (54) and (55), we have

42Gince all our shocks start from steady state (‘? = ¥s), in practice we only need to perform this normalization
once. See appendix B.1.
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Lemma 13. The change in the consumption and assets paths in response to any redistributive labor income shock

@ is given by

Co(x 9, ¥)dp = CJF ({yi(s)}.{ri}, 9, ¥) - ypdop = 0C
Ap(x 9, ¥)de = AJF({ye(s)}{ri}, 9, F) - ypdo = 0A

where the components of y , are given by

9y (S) Wi
dey (') = (1-m) ?th'Y (s, Lt) Lyt s=s
dye(s) _ 1

P g (Es [yt ()] = vt (5)) Lu=ry

From (6) these satisfy Es [dy; (s)] = 0, Vt, ¢.

Lemma 13 will prove useful in establishing the formal connection, on the one hand, between partial

equilibrium 0C; and the data in proposition 3, and on the other, between partial and general equilibrium

outcomes in theorem 4.

A.3 Summary of model equations

Subject to initial capital K_1, initial government bonds B_j, initial nominal wages W_, and the initial

joint household distribution ¥ (s, a), general equilibrium can be characterized by the following set of

aggregate equations.

Firms and production.

* Aggregate production

Net investment

Value of installed capital

K; 1 (K—Ki1\?
147 a1 = Fe(Kiv, L) — —(1-9
(1 +7-1)q1—1 K (Ki—1,Lt) (Kt—l ( )+2(5e1( K1 "

Optimal labor choice

Value of firm shares
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K ,
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¢ Dividends

1 (Ki—Kiq)?
dr = Fg(Ki—1, L)Kp1 — | K — (1 = 0)K; 1 + 20¢; K Kiq (56)
Fiscal policy.
e Fiscal balance: combining (12) and (15) and using 'ctg = ?::fr, we obtain
W; - _
Tf?tLt +B =G+ (1+r_1)Bi1 (57)
t
* Spending and deficit rules
Gt _ Gss
YTS = TSS ecr (Lt — Lss) (13)
El,‘ — Et—l _ Et—l — Ess
—y. oL (Lt — Lss) — €pp ( Y. ) (14)
Inflation and the Fisher equation.
¢ Definition of inflation
Py
1+ = —— (58)
P
* Fisher equation
1414
l+r=—1"1" 17
A pr (17)

Monetary policy. Monetary policy can be characterized by several different policy rules: our bench-
mark Taylor rule constrained by the ZLB (“ZLB”), policy that ensures full employment L; = 1 always
(“neoclassical”), and policy that fixes ; at a constant level whenever possible (“constant-+").

¢ ZLB policy

P/P1\?
iy = max (o, (1+7)(1+ %) ( 1*1;*1) 1) (18)
* Neoclassical policy
Ly=1 (59)
¢ Constant-r policy
re=r" (60)

Downward nominal rigidity and labor market clearing.

¢ Nominal wage rigidity
Wi > kWi (11)
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¢ Labor market clearing with possible slack

L <1 (61)

¢ Complementary slackness
(W —«Wi1)(Le =1) =0 (62)

Household behavior. As described in the previous section, household behavior implies

¢ Consumption demand

W N
Ct - Ct (P—lz B—l/ {?:/ Lt/ Ttg}/ {Et(s),T{},‘f) (63)
¢ Asset demand W
A = A (p_l,B_l, (oo {et(s),r[},‘?) (64)

Market clearing. It suffices to enforce either one of

* Goods market clearing

Ci+ Ky — (1 — 5)Kt—l +

1 [(Ki—Ki1\?
K;_ =Y,
2561( K ) -1+ Gt =Y; (65)
* Asset market clearing
A; = By + pt (66)

either of which implies the other.

B Calibration details

B.1 Main calibration sources

Our 10 year TIPS yield data comes from FRED (series code DFII10). A simple average of daily values
over all days in 2013 delivers 0.07%, leading us to our choice of ¥ = 0%.

Our unemployment data is also from FRED (series code UNRATE). An average over monthly values
in 2013 delivers 7.4%. The long-term natural rate of unemployment as given by the CBO has series code
UNRO in FRED. Its 2013 average was 5%. This leads us to steady-state employment gap estimate of

_ 1-0074 _

ss = T=g05 = 0.975.
We obtain the overall depreciation rate § by dividing the total consumption of fixed capital from the

Integrated Macoeconomic Accounts by the total capital stock. From the June 2016 release of the Flow
of Funds accounts,*> we obtain the consumption of fixed capital by adding up lines 2 from tables S.3.a
(households), S.4.a (nonfinancial noncorporate business), S.5.a (nonfinancial corportate businesss) and
S.6.a (financial business). This delivers 0K = $2.1trn. The corresponding capital stock K is made of the

43Source: https://www.federalreserve.gov/releases/z1/20160609/z1 . pdf
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value of household real estate (line 98), and nonfinancial assets from the other three sectors (lines 79, 98,
and 100 of their respective tables). This yields K = $53trn, delivering an implied 6 = 4%.

We obtain our steady-state value for % by dividing government consumption expenditures and
gross investment in the NIPA (table 1.1.5, line 22) by the headline gross domestic product measure
(table 1.1.5, line 1). This delivers § = S0 — 18.7%,

We obtain our steady-state value for % by adding up the flow of funds value of marketable Treasury
and state and local government securities (table L.210, line 2 and table L.212, line 1) and subtracting the
value of treasury securities held by state and local governments and by the rest of the world (table 210,
lines 20 and 53). This delivers £ = 2 — 5549,

To obtain the value of the wealth-to-GDP ratio, we use household wealth data from the Flow of

Funds (table B.101). We sum the value of real estate (line 4), consumer durables (line 8), deposits (line
10), debt securities (line 15), corporate equities (line 25), mutual fund shares (line 26), and proprietors
equity in noncorporate business (line 29). For pension plans, we only include private and public defined
contribution plans (table L.117, line 26), since defined benefit pension plans are completely illiquid.**
We then subtract the value of household mortgage debt (line 34) and consumer credit (line 35). This
delivers % = g?g:ggﬁ = 363%. We finally compute residually a capital-to-GDP ratio of £ = % - % =
3.63 — 0.554 = 307%. Note that this is close to the value of 321% implied by the summing sectoral

capital stocks directly, illustrating the consistency of these two approaches to measuring the capital-

output ratio.

Individual bond and equity holdings. We calibrate our portfolio shares 6 (2) by using data from
the the 2013 Survey of Consumer Finances (SCF).*> Aggregating up total household net worth 4; (finan-
cial and nonfinancial assets net of total debt, fin+nfin-debt) using the sample weights delivers aggre-
gate net worth of $64.7trn, or a net-worth-to GDP ratio of 382%, which is again close to our calibration
of % from the flow of funds data.

There are multiple ways to divide individual household net worth 4; into the notions of individual
share holdings p;v; and bond holdings b; in our model, which depend on our interpretation of the data.
We consider three alternatives. A first alternative does not use the SCF data at all and assumes that
all households have the same fraction of shares in total net worth. We label this the uniform portfolio
allocation, 6% (a) = £. A second alternative takes a broad interpretation of shares as including any
wealth that is not in the form of deposits or bonds directly held. For each household i, we sum all
assets held in transactions accounts (1iq), savings bonds (savbnd), bonds held directly (bond), and IRA
accounts (irakh) and label these as liquid assets b;. The remainer of net worth, a; — b;, then consistutes
household i’s share holdings p;v;. Our third definition takes a narrow definition of equity, in which we
include only the total value of directly-held equity and equity held through mutual funds (deq), as well
as closely held businesses (bus).

More precisely, we consider the set of households with at least $100 in net worth and group them
by centiles i = 1...100 of net worth. We then compute total capital holdings p;v; and total net worth a;
in each bin i under both definitions of p;v;, and fit a smooth curve f through the relationship between
% and log a;. This allows us to back out 8° (a) = f? (¢%) and 0" (a) = f" (¢"). These two distributions,
tolgether with the underlying centile values, are plotted in figure B.1. These curves are passed on to
our model, which rescales them by a factor common to all households, 6% (a) = ©%8 (a) and 6" (a) =

#Defined benefit pensions are also not recorded in the Survey of Consumer Finances, which we use to back out
household portfolios.
#Source: https://www.federalreserve.gov/econres/scf_2013.htm.
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Figure B.1: Individual holdings of equity in the SCF

@"0" (a) so that the average portfolio share, evaluated at the stationary distribution of household assets,
is equal to our calibrated value of X.4° The implied values are ®® = 0.94 and ®" = 3.35.

Our narrow capital measure reveals a well-known pattern: the share of wealth invested in stocks
rises quickly with wealth. Once those positions are scaled up by ®”", the richest individuals in the
economy own levered equity claims. We verify that b;; + p;v;; > 0 in all our simulations, so that we do
not have to deal with cases of bankruptcy.

Inequality data. Our inequality data comes from Song et al. (2016).*” Our main inequality measure
is the standard deviation of log earnings, which is the square root of their variance series for the earnings
of individuals in firms with more than 20 employees (their figure 2(a), top line).

Income process.  Our income process is from Kaplan et al. (2016), whose replication material is
available online.*® We import their 33 grid points for log skills (ymarkov_grid.txt) and their 33x33
continuous time transition matrix A (ymarkov_combined.txt), and decompose it into its underlying
components: a 3 point Markov chain for the transitory component and an 11 point Markov chain for the
persistent component of earnings risk. Since their continuous-time matrix is sampled at quarterly fre-
quency, we convert it to a discrete, yearly frequency transition matrix by taking IT = ¢*4. The moments
generated by this discrete-time earnings process are nearly identical to the moments from Guvenen et
al. (2014) that they target in their income process estimation, as summarized in their table 3.

46NJote that, since households are indifferent between bonds and shares, # has no effect on the stationary distri-
bution of assets ¥ (). Once we have obtained the stationary distribution of assets such that [ ad¥ (a) = A, we can
therefore back out ®” as the solution to ®° [ 40" (a) d¥ (a) = K, and similarly for ©".

47Source: https://people.stanford.edu/nbloom/sites/default/files/fui_graphdata_20160928.x1s.

48Source: http://www.princeton.edu/ moll/HANK_replication.zip
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Experiments.  As described in section 2.4, our experiments scale the cross-sectional distribution of
log endowments to achieve a target path for sd (loge;;). All of our grids (for the transitory component,
the persistent component, and the fixed effect component of earnings) are symmetric around 0 in logs.
In all of our experiments, we hold the transition matrix II fixed, spread out points on the grids for
log ej; around their common mean of 0 so as to achieve our target for the standard deviation of logs,
and then rescale endowments by a level factor to ensure E [e;;] = 1. Our experiments differ in the grids
that we scale. In our benchmark experiment, we scale the grid for the transitory and the persistent
component by a common factor, while the transitory and the persistent experiment only scale the grids
of these respective components of earnings risk. Finally, in our fixed effect experiment, we discretize the
distribution of log fixed effects by assuming a normal distribution with mean 0 and 20 equally spaced
points, truncated at 4 standard deviations on either side. This final experiment requires us to recompute
the household problem 20 times (one for each discretized level of the fixed effect) and then aggregating

up.

MPC data.  Since detailed data on marginal propensities to consume by income is not available
for the United States, we turn to the Italian Survey of Household Income and Wealth (SHIW) used by
Jappelli and Pistaferri (2014).* Auclert (2017) shows that the correlations between marginal propensities
to consume and income in that survey are consistent with correlations that come out of two U.S. data
sources, but the SHIW has the benefit of providing detailed individual-level MPC information, which
allows to calculate our key sufficient statistic Cov (MPC;, dy;) for the same distribution of changes in
income dy; as that featured by our main experiment.

We merge household income information (in the rfam10 dataset) with the MPC information avail-
able in the q10e dataset. We take overall income (y) as our income variable y;. The standard deviation
of log v in this dataset is ¢ = 0.688. We pick a desired increase in this standard deviation do = 0.01, and
for each household i, we compute a virtual post-redistribution income measure y;

g(1+%7) log y;

*
*—~Ely] ———

i =Elyi E [e(”%")logyi}

This transormation of income corresponds exactly to our main experiment in the model: note in partic-

ular that y; has the same mean as y; and the standard deviation of its log is ¢ + do. We finally compute

dy; = y; — y; and compute Cov (MPCi, ﬁ%)

ance is quite insentitive to our initial choice of do. We also similarly compute the covariance between

leT which we report in table 2; we verify that this covari-

MPCs and income, as well as the difference in income-weighted MPC between the top 10% of income
earners and the bottom 90% of income earners.

B.2 Incidence function

We use three methodologies to calibrate our incidence function y. Our benchmark parametrization
uses data from Guvenen et al. (2017), henceforth GSSY.>’ These authors estimate worker GDP betas
by regressing the log earnings growth Ay;; of individual i in year ¢ on the interaction of log real GDP
growth Ay; and twelve earnings percentile bins (10 to 90, 99, and 99.9). We use their worker betas for

¥Source: http://www.bancaditalia.it/statistiche/tematiche/indagini-famiglie-imprese/
bilanci-famiglie/distribuzione-microdati/index.html
50Source: https://fguvenendotcom. files.wordpress.com/2014/04/data_nberw231631.x1lsx
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Figure B.2:  function calibration

males aged 3645 (their figure 1, panel a), which is representative of the evidence for other age groups
and for females. These raw betas are reproduced in the dashed line of the left panel of figure B.2. They
are U-shaped in a worker’s earnings level, implying that the earnings of both the poorest and the richest
segments of the population vary more than proportionately with GDP, while the earnings of the middle
percentiles are relatively more insulated.

We map these coefficients to our model as follows. Conceptually, the same regression ran in our
yL(s, L)L
: (L) L
of gross earnings Ly with respect to L. We first interpolate the GSSY betas to recover the data betas

model recovers ¢ (1 + ) for every s, the product of an Okun law coefficient @ by the elasticity

for every income state s. We then renormalize those betas by a common fraction such that the income-

weighted beta is one, taking care of the Okun law constant ¢. This delivers the solid line in the left panel
oL (SrL ) L
7(sL)

of figure B.2. We finally obtain our function v (s, L) by assuming that the elasticity remains
constant as L increases for given s.
As an alternative and to examine the robustness of our results with respect to this aspect of our

calibration, we consider a simple parametrization of the 7y function given by

e ( S) T'logL
v(s,L) = E [T 1o81] (67)
In this simple one-parameter family of functions, I represents the elasticity of the standard deviation of
log gross earnings (a standard measure of inequality) to employment, in other words,

sd (logz; (L)) = sd (logz; (1)) + T'log L

The case where I' = 0 corresponds to a simple constant-incidence benchmark in the gross earnings of
all individuals are equally affected by changes in L. When I is negative, recessions are times when
the income distribution widens endogenously, capturing countercyclical income risk. There is some
evidence that such a widening of the income distribution tends to happen in response to contractionary
monetary policy shocks (e.g. Coibion, Gorodnichenko, Kueng and Silvia 2017), suggesting I' < 0 as a
relevant empirical case. We pick I' = —0.5 for illustrative purposes, and consider the consequences of
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using alternative values in section D.6.

The right panel of figure B.2 reproduces the implied elasticities of gross earnings L+ (s, L) under
these three benchmark parametrizations of the 7y function. Equal incidence corresponds to the case
where this elasticity is a constant of one. Relative to the U-shaped pattern of GSSY, our I' < 0 pa-
rameterization has elasticities that monotonically decline in a worker’s gross earnings percentile, so
that richer individuals’ earnings are systematically more insulated from employment fluctuations than
poorer individuals” earnings are.

B.3 Fiscal rules

Redistributive transfer T;.  We use Congressional Budget Office (2013) to calibrate the redistribu-
tive tax rate 7{. Equation (16) shows that

vie = (1= ) (VEx [za] + (1= ) za)

The CBO report shows average market income [Ej [z;] and average market income plus federal transfers
net of taxes IEj [y;] at each quintile | of the income distribution of nonelderly households in 2006, the
latest year in which the data is available. Running a linear regression, we recover

Eylyi] _ Ej [z]
B, = M43+ 0666 5T

with an R? of 0.99. This delivers an implied steady-state redistributive tax rate of " = % =

17.7%.

We can also recover an estimate of 78 = 1 — (0.143 4 0.666) = 19.1%. This is a little below the value
of T8 = 21.4% that we derive residually from the government budget constraint. This discrepancy might
in part be due to the fact that we model the income tax as the only source of government revenue.

Government spending and debt rules. = We start from a slight generalization of our fiscal rules
(13)—(14) that allows for responsiveness of government spending to past debt directly,

Gt GSS Bt—l - BSS
Gt O (L L) - epp Pl Bss 68
Y. v, €L (Lt — Lss) — €GB Y. (68)
B; — B;_ B, 1—B
% = —epr (Lt — Lss) — €DB% (69)
SS SS

In the data, estimates of potential output Y/ ° are more readily available than estimates of potential
employment. Noticing that our model implies that the conversion ratio between the employment gap

51 we therefore first

and the output gap (the inverse of the Okun law coefficient) is around 1 at all times,
replace L; — Lgs by Y’%Sz“ in (68)—(69). Next, to deal with nominal growth, we replace Y, by the trending

variable YfOt. This delivers the following estimable equations for a panel of countries i observed over

511n the short-run, capital K, is fixed so d}}ﬁ’ =ua X dLL_Z' , where & = 0.872 is our calibrated labor share. In the long-
run, capital adjusts to ensure I]ff" is in line with the value consistent with the cost of capital r + 6, so dy—{"’ =1x %{'.

Hence the inverse Okun law coefficient is between 1 and 1.15.
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Dependent variable Git/ thwt Dit/ Yz‘;:Ot
Country Pooled USA  Pooled USA
-0.0958***  -0.0828 -0.749*** -1.131**

ot
Y/ Yy (-323)  (-0.84) (-1349)  (-3.14)
B, /Y -0.0150**  -0.0094 -0.0288** -0.0126
i (-320)  (-0.66)  (-3.01)  (-0.24)
Note: Average nominal growth (Yj;/Yj;—1 — 1) 0.039 0.044
Number of observations 320 20 320 20

Table B.1: Estimated fiscal rules

multiple periods ¢,

G; Y _
pl;t =79 tar— - po +an l;mtl + &t (70)
Yit 1t Yit
Di Bit—1
Yplot = K+ p1 pot + .BZW + it (71)

it it it

where 7, k; are country fixed effects. These are typical of specifications considered in the fiscal rules lit-
erature (e.g. Gali and Perotti 2003). To map estimated coefficients back to our primitive elasticities, note
that nominal growth mechanically pushes up countries’ deficit-to-GDP ratio—an effect that we would
like to correct for in our structural estimates of government fiscal adjustment. Specifically, if countries
target a constant f 7+ = b, then the deficit-GDP ratio will be B Bt l = Yt“ b—b=gl=t Y, where ¢ = Yt“
is nominal GDP growth, suggesting an upward-bias of g in our estlmate of B, in (71). Given average
nominal growth of g, the estimated coefficients in (70)—(71) therefore relate to our primitive elasticities
in (68)—(69) through e, = —a1, egp = —a2,ép, = —Pf1and epp = =2 + g

To run these regressions, we use data for 16 OECD countries over the period 1995 — 2015 from the
June 2017 OECD economic outlook.”> Our source variable for D; is (the opposite of) government net
lending. For B; we use general government gross financial liabilities, for G; we use nominal government
final consumption expenditure, for Y; we usenominal GDP, and finally for Yf °' we use nominal potential
output in year ¢.

Table B.1 presents the results. Our estimated coefficients on the output gap are negative everyhwere,
and much more negative for deficits D;; than for spending Gj;. This is consistent with governments
running countercyclical policy, with deficits being the main adjustment tool. Our esimated coefficients
on lagged debt are also negative, consistent with government actively stabilizing debt. The estimates
for B, are close to zero, however, justifying our setting egg = 0 for our main fiscal rule specification.
Moreover, after adjustment for average nominal growth, the estimates for 8, imply epg ~ 0.07, implying
a half-life of deficits of around 10 years (1%17%07) =~ 10). Together, these estimates lead us to our choice
of egr = 0.1, epp = 0.75 and epp = 0.07, as reported in table 1.

52Source: http://stats.oecd.org/Index.aspx?DataSetCode=E0. (Economic Outlook No 101). The 16 coun-
tries included in our sample are those countries for which data is available continuously over our sample period:
Australia (AUS), Austria (AUT). Belgium (BEL), Canada (CAN), Denmark (DNK), Finland (FIN), France (FRA),
Germany (DEU), Italy (ITA), the Netherlands (NLD), Norway (NOR), Portugal (PRT), Spain (ESP), Sweden (SWE),
United Kingdom (GBR) and the United States (USA).
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Figure B.3: Lorenz curves for consumption, income and wealth at steady-state

Alternative calibrations.
€L = 0 and ep; is maintained at its estimated value of 0.75. This captures the effect of countercyclical

When examining robustness to fiscal rules, we consider a version where

deficits alone, absent government spending. We also consider a version where eg; = epr = 0, implying
that B = Bss and G = Ggs at all times. This delivers a procyclical fiscal rule that increases the tax rate
when employment falls so as to maintain public spending and debt constant.

B.4 Steady state distributions of consumption, income and wealth

Figure B.3 displays the Lorenz curves for the steady-state distributions of consumption, pre-tax labor
income e¢;, post-tax labor income y;, and wealth in our model (on the left panel), and constrasts them
with their equivalent in the 2013 SCF (on the right panel).>> Our model captures these distributions
very well. The income distribution is a good fit by design, but the wealth distribution gets surprisingly
close to the data, a result that is typically challenging to obtain for simple calibration of Aiyagari models
without entrepreneurial risk or heterogeneity in preferences. This success is mostly due to our earnings
dynamics with additional income risk, but our high labor-share calibration plays a role as well, since
it effectively amplifies income risk in general equilibrium. The bottom 40% of the wealth distribution
owns exactly 1% of wealth in the model and the data, and the top 20% own exactly 84% in the model
and the data. The model does understate, however, the very top of the wealth distribution, since the top
1% own 17% of wealth in the model, but own 33% in the data.

B.5 1980 calibration

We recalibrate to our model to 1980, by following the same principles as those for our 2013 calibration.
Since the U.S. government only started selling Treasury inflation-protected securities in 1997, we instead

53 Specifically, in the 2013 SCE, we define consumption as food at home (foodhome), labor income as wage income
(wageinc), and wealth as net worth (networth). In constructing the wage income distribution, we only keep house-
holds with annual wage income above $4000, since around a quarter of households have zero or extremely low
wage income.
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Parameters Description Main calibration Target

v EIS 0.5 Standard calibration
B Discount factor 0.927 r=4%
« Labor share 83% a=1—(r+6)%
o Depreciation rate 2.7% NIPA 1980
% Capital-output ratio 254% FoF hh. net worth 1980
% Investment rate 6.8% 6 %
€] Elasticity of I to g 1 Macro investment literature
r Egbm real rate 4% Laubach-Williams r* 1980
Lss Employment gap 1 Full employment
% Govtt debt 24.9% Domestic holdings 1980
% Govtt spending 20.6% NIPA 1980

Table B.2: Calibration parameters for 1980 steady state

obtain 7 from the Laubach-Williams estimate of r* for 1980.>* The average of the one-sided estimate is
4.02%, hence our choice of r = 4%. We ignore the small 1980 recession and instead assume that the
economy is at full employment, L = 1, and well described by a neoclassical monetary policy rule. (The
average unemployment rate was 7.2% in that year, compared to the CBO estimate of lont-term average
rate of 6.2%. In 1979, the economy was at full employment.)

Our calibration for the depreciation rate is now ¢ = 513128}:121 = 2.7%, which is lower than in 2013
primarily due to a larger relative value of household real estate in that year. Our calibrated government

spending to GDP ratio is g = 5;32?31 = 20.6%, our calibrated government debt to GDP ratio is % =

3?27.}3%};’; = 24.9%, and our calibrated asset to GDP ratio is é = gg:gggg = 279%, which is slighty smaller

than our 2013 calibration. We assume an unchanged degree of progressivity of the tax system, so that

" = 17.5% as in our baseline calibration. We assume the same household portfolios as in section B.1, the
same incidence function as in section B.2, and the same fiscal rules as in section B.3. We finally follow
our standard procedure of rescaling both the transitory and the persistent component of the income
process to achieve the standard deviation of log earnings implied by the Song et al. (2016) for 1980,
sd(log e)=0.80. Given these choices, we recalibrate the household discount factor B so that the steady-
state real interest rate is equal to our target of r = 4%. Table B.2 summarizes our 1980 parameters.

C Proofs

C.1 Homotheticity and its implications

We first prove a homogeneity property for the household decision problem from Definition 10.

Lemma 14. Consumption and asset policy functions c;(a, s) and a;(a, s) are homogenous of degree 1in (a, {y: (s)}).

54Source: www. frbsf. org/economic-research/files/Laubach_Williams_updated_estimates.xlsx
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Proof. Consider the household problem:

1-c
c
V(s,a_1;y(s)) = maxE Z.Btlt_gl
cttar = yi(st) +(1+r)aq
az > 0
a_q given

Suppose that a_1 and {y: (s)} are scaled by A. If we scale all feasible plans {a;} and {c;}, the budget
constraint still holds at every time t and utility is scaled by A9, which leaves relative utility of feasible
plans unaffected. Hence the optimum is the same as the original, with consumption and asset policies
scaled by A. O

This implies a homogeneity property for steady state consumption and assets from Definition 12.
Corollary 15. Steady-state consumption CLF and assets ALF are homogenous of degree 1 in {y(s)}.

Proof. From homogeneity of the asset policy function in lemma 14, we know that the transition proba-
bility from (s, Aa) to (s/, Aa’) under {Ay (s)} is the same as the transition probability from (s, a) to (s, a)
under {y (s)}. Hence, the steady-state cumulative distribution function ¥ (s, Aa) given {y (s)} is equal
at every (s,a) to the cumulative distribution function ¥ (s,a) given {Ay (s)}. The population mean of a
is therefore A times higher, and since c(a, s) is homogenous of degree 1 in a, the population mean of c is
also A times higher. O

C.2 Steady-state analytics

In this section we work out some of the analytics of steady state equilibrium, which will be used in
appendices C.3 and C.7 through C.8.

Asset demand and supply framework. Steady-state asset market clearing can be written as
A=B+K (72)

where A are aggregate assets owned by households and B + K is the total supply of assets.

We seek to write (72) as an equation with r and L as the only endogenous inputs. To do so, consider
the aggregate asset function (55). In the steady state limit, the initial values p_;, B_j, and ¥ can be
dropped. Further, we will represent the exogenous income distribution parameters {e(s), 7"} with a
single shifter o, resulting in a steady-state asset function As; (%, L,T8,r, a) .

As we will characterize below, steady-state real wages and taxes can be written as functions w(r)
and 8(r, L). Using these functions, we define a consolidated steady-state asset demand function

Ad(r, L,o) = Ass(w(r), L, t8(r,L),r,0) (73)

Similarly, steady-state bonds can be written as a function B(L) from the fiscal rule, and steady-state
capital can be written as a function x(r)L, where the capital-labor ratio x(r) is only a function of r. We
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thus define steady-state asset supply as
A%(r,L) = B(L) + «(r)L (74)
Finally, we define normalized asset demand, which divides by aggregate after-tax labor income

Al(r,L,0)
(1—18(r,L))w(r)L

al(r,Lo) = (75)

In the special case where v = 1, all after-tax incomes y(s) are proportional to aggregate after-tax income
(1 —18(r,L))w(r)L, and it follows from corollary 15 that steady-state asset demand scales with (1 —
T8 (r, L))w(r)L, implying that L has no additional effect normalized asset demand.

Corollary 16. When v =1, fzd(r, L, o) is independent of L.

With these definitions in hand, steady-state equilibrium is characterized by market clearing
A%(r,L,o) = A%(r,L) (76)

In this section, we will further characterize A% and A°. Whether r or L adjusts to maintain equilibrium
in (76) depends on the monetary rule, as we will discuss in appendices C.3 and C.7.

Components of asset demand and supply. The components of A4(r,L,c) and A%(r, L) as defined
defined above are B(L), G(L), t8(r, L), k(r), w(r). We obtain these functions as follows. First, the fiscal
rules (13)-(14) imply steady-state spending and bond supply functions

G(L) = Ggs — YsseGL(L - Lss) (77)
€

B(L) = Bgs — Yes—2E (L — Lgs) (78)
€DB

The government budget constraint (57) at steady state is 78 %L = rB + G, and it follows that

rB(L) + G(L)

w(r L) = w(r)L

(79)

which we can substitute into (75) to obtain a simplified expression relating normalized and actual asset
demand
A%r,L,0) = (w(r)L — rB(L) — G(L)) &% (r, L, o) (80)

Finally, the capital-labor ratio «(r) is given implicitly by equating the marginal product of capital and
user cost r + ¢ in steady state, and the real wage w(r) is the marginal product of labor at this capital
intensity:

Fx(x(r),1) = r+4 (81)
Fr(x(r),1) = w(r) (82)
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Elasticities of asset supply and demand. Using (80), the semielasticity and elasticity of asset de-
mand A%(r, L, o) with respect to r and L are

dlogA%(r,L,e) 1 w'(r) 1 B(L) N dlogad(r,L,o) (83)
or S 1-ww(r) 1-t8w(r)L or
dlogA’(r,L,c) = 1 1 rB'(L)+G(L) N dloga’(r,L,o) (84)
dlog L S 1-18 1-18 w(r) oL
Using (74), the semielasticity and elasticity of asset supply A°(r, L) with respect to r and L are
dlog A’(r,L)  K«'(r)
or T Ax(r) ®5
dlog A*(r,L) BB'(L)L K
dlogL. A B(L) A (86)
To write (83)-(86) more explicitly, we differentiate B(L) and G(L) to obtain
/ €DL
B'(L) = —Yss—= (87)
€DB
G,(L) = —YssegL (88)

The analysis of w(r) and «(r) is slightly more involved. First, use (81)-(82) and Euler’s theorem to write
(r+6&)x(r) + w(r) = F(x(r),1). Differentiating both sides with respect to r, (r + 6)«’(r) and Fxx'(r)

cancel out and we are left with simply w’(r) = —«(r), implying a wage semielasticity of
w'(r) _ _x(r)
wn) ) )

Next, observe that if € is the elasticity of substitution in the production function F (equal to 1 in our
Cobb-Douglas baseline), then dlog(x(r)) = —e (log(r + ) — log w(r)). Differentiating, we have

k() 1 k(r)\ _ €
w(r) £ (r—|—5 + w(r))  a(r)(r+9) (90)

where a(r) is the labor share (constant in our Cobb-Douglas baseline).
Finally, substituting (87)-(90) into (83)-(86), we obtain the following;:

dlog A4(r,L, o) 1 x(r) 1 B(L)  dloga’(r,L,o)

dloga‘(r,L,o)
- - = —a ooed (1, L, 9)
or 1 —18 w(r) 1— 18 ZU(T’)L + 9 a (V,L,O’)—i— 3
O1
dlog A%(r,L,o) 1 Yss ( €pL dloga(r,L,o)
ologl - \' e epp 1)) T alogl ©2)
e e Y ——
=1
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and

dlog A*(r,L) K ¢

or T Aa(r+9) ©3)
alogAs(r, L) - 5 . &eDLL (94)
dlogL. A A epp

Note the remarkable simplification in (91), where the semielasticity of asset demand breaks into two
simple terms: minus normalized asset demand, plus the semielasticity of normalized asset demand.
The former term captures the influence of r on after-tax income: at the margin, the cost of higher r is
paid entirely by workers, either through lower pretax wages (as the cost of capital in the production
function) or through higher taxes. Relative to current after-tax income, the drop in after-tax income
resulting from a rise in r is exactly the ratio of assets to after-tax income, i.e. normalized asset demand.

In (92), the elasticity #; of normalized asset demand to L is zero by corollary 16 in the case where
v = 1, drastically simplifying the elasticity.

C.3 Equilibrium uniqueness

Our model’s state space includes the distribution of agents over assets and is thus infinite-dimensional.
We therefore cannot directly resort to standard tools such as Blanchard and Kahn (1980) to study either
a) the uniqueness of steady states, or b) the local uniqueness of rational expectations equilibrium paths
around such steady states.

Numerical verification. It is, however, straightforward to numerically verify a) for our calibration,
by calculating asset demand and supply and showing that they only intersect once in the relevant space
(either r or L).»®

¢ For neoclassical monetary policy, L = 1 is fixed, and in the left panel of figure 9 we plot asset
demand A%(r,1,0) and supply A%(r, 1) with respect to r, showing a unique intersection r*.

* For constant-r monetary policy with r* at our calibrated value of 0, the right panel of figure 10
plots asset demand A% (0, L, o) and supply A°(0, L) with respect to L, showing a single intersection
L. (Figure D.4 provides the same plot under alternative assumptions about 7, showing that for
sufficiently countercyclical income risk there are multiple equilibria.)

¢ For our benchmark monetary policy, a Taylor rule with ZLB, it is in principle possible for steady-
state equilibrium to have full employment L = 1 (in which case equilibrium is the same as under
neoclassical monetary policy), or tohave L < land m = ¥ —1 = 0, implying i = r = 0, as in
our calibrated steady state. Evaluating condition (100) later in this section, we rule out the former
case. We show quantitatively in figure 12 that uniqueness extends to different assumptions about
the wage lower bound « and interest rate lower bound i, although the unique equilibriumis L =1
for sufficiently low values of the latter. By contrast, for higher values of the inflation target 7r*,
there do exist multiple equilibria.

Verifying b), local uniqueness of equilibrium paths around the steady state, is more complex. When
there is multiplicity, the invertibility condition needed for the derivation of the GE matrix in appendix

55 All other steady-state quantities and prices are unique conditional on r and L, as the discussion in appendix C.2
and the derivation of firm and household behavior in appendices A.1 and A.2 shows.
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C.5 will not be satisfied. We can test for multiplicity, therefore, by checking whether there are problems
with invertibility (i.e. very small singular values) when we numerically calculate the truncated GE ma-
trix.”® When we do this for our calibration, we find no evidence of multiplicity. (See the Computational
Appendix for more details.)

General case. In the rest of this section, we complement our numerical verification of uniqueness
by providing a more general analysis of steady-state uniqueness a) in our model. Along the way, we
contribute to the literature by providing a simple condition for uniqueness in the Aiyagari model.

For local uniqueness of paths b), a general analysis is more complex and beyond the scope of the pa-
per. We are currently developing tools for this, which infer uniqueness directly from partial equilibrium
impulse responses, in Auclert et al. (2017).

General case: neoclassical monetary policy. A sufficient condition for a unique neoclassical equi-
librium is that the semielasticity (91) of asset demand with respect to r is strictly greater than the
semielasticity (93) of asset supply, so that there is only a single intersection of asset demand and as-
set supply.

The second term in (91) is W, the semielasticity of normalized asset demand. It depends
entirely on the household’s partial equilibrium decision problem, and it is positive if, holding the long-
term after-tax income level fixed, higher real interest rates lead households to demand a higher aggre-
gate quantity of assets in steady state. In an important contribution, Achdou, Han, Lasry, Lions and
Moll (2017) prove that it is positive,

dlogat(r,L,0)
or

when the elasticity of intertemporal substitution v is at least 1, in which case it can be unambiguously

>0 (95)

shown that substitution effects dominate income effects in response to a change in steady-state . When
v < 1, as in the benchmark calibration v = 1/2 in this paper, it is possible in principle for income
effects to dominate and cause 4 to slope downward in r. In practice, however, this seems to be true
only in extreme cases, and we have found only upward-sloping & for all variants of the household-side
calibrations in this paper.

Conditioning on (95), we have the following proposition.

Proposition 17. There is a unique real steady-state equilibrium under neoclassical monetary policy within the
region where households’ normalized asset demand &% (r,1,0) is upward-sloping in r and the inequality

K ¢ A 1

Ar+5 - Y1—18 (%)

Proof. Real equilibrium is uniquely determined by r, and the semielasticity (91) of asset demand is

strictly greater than the semielasticity (93) of asset supply—implying a unique intersection —whenever
W is strictly positive and a(r,1,0) < %ﬁ. Writing out 44 (r,1,0) = ﬁ =

and multiplying both sides by «, we have (96). O

the term

A
(1—18)aY

% An alternative approach to numerically verifying uniqueness is to set up the problem recursively using a dis-
cretized state space, as in Reiter (2009), and then apply some version of Blanchard and Kahn (1980). We take this ap-
proach because it demonstrates uniqueness as a side consequence of a calculation—obtaining the GE matrix—that
we are already performing.
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Corollary 18. Consider an Aiyagari economy where B = G = 0. Then there is a unique real steady-state
equilibrium under neoclassical monetary policy within the region where households’” normalized asset demand
a%(r,1,0) is upward-sloping in r and the inequality

e>1—uw (97)

is satisfied—i.e. the elasticity of substitution in the production function is greater than the capital share.
Proof. In this case, K/A=1,78 =0,and (r + §)K/Y = 1 — &, so (96) reduces to (97). O

The dramatic simplification in the case without steady-state government debt and spending in corol-
lary 18 may be useful for the literature going forward.

The simpler result also admits a more direct derivation. In the absence of taxes or government debt,
normalized asset supply is just the capital-wage ratio x(r)/w(r). This ratio is increasing in r iff the
elasticity of wages w = F| with respect to the capital-labor ratio is less than 1. This elasticity is

FixkK  FixF FkK

-1
= 1—
- RERF ¢ 079

and it is less than 1 when (97) holds.

It is also clear that (97) is nearly always satisfied: the vast majority of calibrations put the elasticity
of substitution in the production function above the capital share. Indeed, (97) is trivially satisfied
under Cobb-Douglas, in which case corollary 18 establishes global uniqueness as long as a is everywhere
upward-sloping.

The more general condition (96) does not hold quite as universally: for instance, in the limit where
government debt is the only asset, K/ A on the left is zero, and the condition cannot hold. In our bench-
mark calibration, the left side of (96) is .85 x m ~ 21.3, while the right is 8:—;8 = 4.8, and we are well
within the region where the condition holds; in a modified calibration with more government spending
and debt, this would be less clear.

General case: constant-r monetary policy. A sufficient condition for unique equilibrium under
constant-r monetary policy is that the elasticity (92) of asset demand exceeds the elasticity (94) of asset
supply with respect to L. The next proposition immediately follows.

Proposition 19. There is a unique equilibrium under constant-r monetary policy within the region where the

1 Yss { €pL K YseprL  dloga(r,L,o)
(1+ (rGDB +€GL)> 2 + A eps + dlog L >0 (98)

inequality

holds.

Corollary 20. Equilibrium under constant-r monetary policy is globally unique if epy,egy, > 0, r > 0, and
vy=1

dloga(r,Lo)

Proof. 1f v =1, then oTog L

= 0, and inequality (98) follows from ﬁ >1land % <1 O

The condition in proposition 98 is somewhat complex, but assuming that fiscal policy is countercycli-
cal (epr,egr > 0) and that r > 0, the first two terms on the left of (98) are unambiguously positive.57

57We always require epp > 0 for stability reasons.
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The only danger is that %(grfa) is very negative; this can happen if income incidence v is such that

income risk is highly countercyclical, which makes precautionary savings increase strongly as L falls.
Appendix D.6 exhibits cases where this does indeed happen, as highly countercyclical income risk leads
to multiplicity. If the income distribution is acyclical, i.e. ¢ = 1, then this effect is shut off and we are
guaranteed global uniqueness by corollary 20.

The following proposition is a partial inverse of proposition 19, showing that there is multiplicity if
(98) does not hold at any equilibrium.

Proposition 21. If epr,egr > 0and r > 0, a necessary condition for unique steady-state equilibrium is that
(98) holds (weakly) at any equilibrium.

Proof. Assuming countercyclical fiscal policy, steady-state taxation G + rB increases as L falls, implying
that after-tax income wL — (G + rB) hits 0 at some L > 0, and therefore asset demand hits 0 as well.
Meanwhile, with countercyclical fiscal policy, asset supply is bounded from below by Bss as L falls.
Therefore, for sufficiently low L, the asset demand curve is below the asset supply curve. If, however,
the left side of (98) is negative at an equilibrium, then for L immediately below the equilibrium, asset
demand is above asset supply. This implies another intersection at some lower L. O

Proposition 21 provides a simple condition to test for multiplicity: evaluate (98) at the calibrated
steady state. If it fails, then multiplicity is certain. Although the inverse is not necessarily true, the
quantitative examples in appendix D.6 suggest that it is true in practice: in every case where we find
multiplicity, the slope of asset demand is below asset supply at the calibrated steady state, i.e. (98) fails.

General case: benchmark monetary policy. Finally, we study equilibria under the benchmark
monetary policy given by (18), a Taylor rule subject to a lower bound i.

The complementary slackness condition (62) gives two possibilities: either we are in the neoclassical
equilibrium with L = 1, or the nominal wage growth constraint is binding with W; = xW;_;.

The real interest rate achieved in steady state, dividing (18) by 1 + 7, is

. -1
1+r—max<11+l,(1+r*)(1+ﬂ> > (99)

+ 7T 14 7t*

This reaches a global minimum at the point where the two arguments of (99) are equal, i.e. where the

1+i
1+4r*

P _1
lower bound i is exactly binding, whichis 1 4+ 7 = ( ) " (1+ 7*)' ¢ and results in a minimum of

N1-1 1
1+7r= (15:11*) ? (14 r*)¥. If this 71 is strictly less than the minimum x — 1, then the nominal wage

growth constraint is such that the ZLB is never binding, and the achievable minimum real interest rate
. -1
isl+r=(1+r") (1+Kn*)¢ .

Now, let #* denote the natural rate.”® There will be a neoclassical equilibrium iff this natural rate is

higher than the minimum of r, since then there will exist some 7t > x — 1 such that the real interest rate
from (99) equals the natural rate. We summarize this reasoning in the following proposition.

%We use r* to denote the natural rate in the benchmark, and this is what appears in the Taylor rule (18), but we
let 7 more generally denote the natural rate following a shock.
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Proposition 22. Under the benchmark monetary policy given by (18), there exists a “neoclassical” steady state
equilibrium with L = 1 iff the natural rate 7* satisfies

. 1-1 ) o—1
?*>max(<1+l) ¢(1+r*)¢,(1+r*)( £ > )1 (100)

1+ T* 1+ 7T*

Evaluating (100) for our steady-state calibration, where i = 7* = x — 1 = 0 and ¢ > 1, it reduces to

1
r* > (1+7r*)? — 1, which is impossible since 7* < 0. This allows us to rule outa L = 1 equilibrium.>

The alternative possibility is an equilibrium with L < 1, where W; = «W;_;. In this case, 7t =« — 1,
and the real interest rate achieved in equilibrium is above the natural rate 7*. Using (99), this gives the
following proposition.

Proposition 23. Under the benchmark monetary policy given by (18), there exists a steady state equilibrium with
L < 1and i = x — 1 iff the natural rate ¥* satisfies

1+ x -1
~% = * _
7 <max<K ,(1—|—1’)(1+n*) ) 1 (101)

The real interest rate in this equilibrium equals the right side of (101).

Combining propositions 22 and 23 fully characterizes equilibria under the benchmark monetary
policy. Uniqueness of equilibrium for proposition 22 is given by our earlier results on uniqueness of
neoclassical equilibrium, and uniqueness of equilibrium for proposition 23 is given by our results on
uniqueness of constant-r equilibrium, substituting the right side of (101) as the r target.

C.4 Proof of proposition 3

Consider a one-time redistributive labor income shock. From lemma 13, this affects the path of con-
sumption according to

aC; = Zﬁd (s) (102)
(6™
with income in each state s affected by
w 1 ;
dyo (s) = (1 —1) ?LW (s, L) deg (s) + 11— (Es [yl —y (s)) dr (103)

We rewrite (102) using individual level responses. Define household i’s marginal propensity to consume at
9(Eo[cit))
IYio

i.e. the change in i’s expected spending at time ¢ conditional on household i’s date-0 state, as we vary his

time t out of date-0 income to be
MPCit =

date-0 after-tax income.

5The right panel of figure 12 shows a neoclassical equilibrium does exist for sufficiently higher inflation targets.
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Since (51) can be rewritten as C; = E[[c;], we have

oCt = 9(Ej[cit]) = o(E [Eqg[cit]])
= E;[9(Eo[cit])] = E; {(—Mg(;[:)it])d%o]
= [E;[MPCydyj] = Covi(MPCi,dyio) (104)

where the second equality follows from the law of iterated expectations and the third equality follows
from interchanging the expectations and differential operators. The final step follows from (103) and (6):
since his is a redistributionary shock, E[dy;o] = 0.

To prove that NPV (9C) = 0, note that for any realized sequence of shocks, combining the household
budget constraints implies

(14+7)a; 1+ )i Ji ) = i Gt )4 AT
TG \Gaen’) a7
Taking expectations at date 0, we have
T T
‘ ‘ Eolyi] | _ Eo|cit] Eo|ai7]
(L+7)ai—1+yio+ (tl aA+nt) t;) (1+7r)f + 1+

Totally differentiating with respect to a one-time change in dy;y, we see that the first and third terms are
unaffected, and that this becomes

L Eo[oc; 0,
o = (L Fo2s] ) Folo

t=0

Taking the limit as T — oo, for r that is not too negative the ergodicity of the model implies that

I?gfff — 0, and this simplifies to
> Eog[ocit]
dyoy = ” 1
Yio ; 1+ 1’ (105)
Taking the population mean E; of both sides gives, using iterated expectations E;[Ey[-]] = E;[-] and

redistributivity Ej[dy;o] =0,

> aCit > E)

as desired.
Alternatively, we can see this via MPCs by rewriting (105) as

= [Eq[MPC;
dyio = dyio Z ol i

t=0
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and then dividing both sides by dy;y to obtain
NPV(MPC;) =1
Then we can apply the covariance result in (104) to conclude that
NPV (9C) = Covy (NPV (MPC;),dyp) =0

as desired.

C.5 Proof of theorem 4

Case 1: ZLB and constant-r monetary policy. Let
xt = (K¢, qt,7t, Lt, Wi, P, Yy, pt, di, T°, Bt, Gy, 711, i, At)

and let x = [x¢] € ¢* be the stacked vector with each of these 15 endogenous series. Also let ¢; =
({et(s)}, 7)), and let ¢ = [@¢] € £*° be the corresponding stacked vector of exogenous series.

For each t, define H;(x, ¢) to consist of 15 stacked equations: all 11 equations in appendix A.3 under
“firms and production”, “fiscal policy”, and “inflation and the Fisher equation”, plus the relevant mone-
tary policy equation (either ZLB or constant-r), the binding nominal wage rigidity equation W; = xW;_,
the asset demand equation (64), and the asset market clearing condition (66). Let H(x, ¢) = [H¢(x, ¢)]
be the stacked set of equations for all ¢.

In the neighborhood of the steady state, general equilibrium is characterized®® by

H:(x, ¢) = 0.

Applying the implicit function theorem for Banach spaces, (for example Teschl 2018), assuming that
Hy (xss, @ss) is invertible,®! locally around (xss, ¢ss) there exists a function x(¢) mapping exogenous ¢ to
endogenous outcomes x. This function satisfies

dx = H;l (XSSr §9ss)Hq)(Xss/ fPss)d(P (106)

Let I4 be the mapping that embeds A in the space of x. Since the components of ¢, {e;(s)} and 1/, only
enter into the asset demand equation (63), it follows from lemma 13 that

H (Xss, pss)dp = 140A

where JdA is the vector of partial equilibrium asset responses. This links to the consumption responses
0C characterized in the same lemma via the relation 0C = —AJA, where the operator A takes quasi-first
differences: (AdA); = 0A; — (1 +71)0A;_1.

60Tn the calibrated steady state with ZLB or constant-r monetary policy, the economy is at L < 1. In the neigh-
borhood of this, the nominal wage rigidity equation W; = xW;_ is strictly binding and labor market clearing is not
binding.

1In computing the GE matrix, we numerically verify this invertibility for a truncated version of Hy. See the
online Computational Appendix for more details.

69



Let Sy be a matrix that selects rows associated with endogenous variable Y;. Then

dY Sydx = SyHy ' (Xss, ¢ss) [40A
= —SyH!(xss, ¢ss)[aA"1OC

Gy

where Gy is the desired GE matrix. The A~! operator maps bounded dC with net present value zero into
bounded perturbations dA to assets. Using the same argument as that in the proof of proposition 3, all
transitory redistributive labor income shocks produce partial equilibrium oC that satisfy NPV (0C) = 0.
In particular, GydC is defined for all the shocks we consider.

Note, crucially, that Gy is independent of the shock ¢. We can analogously obtain a G matrix for any
of the aggregates (K, q¢, 1, Lt, Wy, Py, Yy, pr, di, T;g, Bt, Gy, 71,11, Ap) in x.

Case 2: neoclassical monetary policy. This is similar, but there is now potentially nominal indeter-
minacy, so we will work with only real values. Let now

xt = (K¢, qt,7t, Lt, We/ Pr, Y, pr, dt, T°, By, Gt, At)

and define H;(x, ¢) to consist of 12 stacked equations: all 9 equations in appendix A.3 under “firms and
production” and “fiscal policy”, the monetary policy equation L; = 1, asset demand equation (64), and
the asset market clearing condition (66). The rest of the proof now proceeds as in case 1.

C.6 Proof of proposition 5

If T = 0, agents’ after-tax incomes are proportional to their endowments, which in turn are proportional
in all periods to e“i, where w; are the fixed effects. It follows from the homogeneity result in corollary
15 that the average steady-state assets and consumption for agents with a particular fixed effect w; are
proportional to e“i.

Redistributive changes in the distribution of fixed effects i, relative to the baseline w; must leave the
average endowment unchanged, implying that [E;[e%i — e®i] = 0. But since average steady-state assets
and consumption are proportional to e“i, it follows that these are also unchanged, as desired.

C.7 Proofs of proposition 6, corollary 7 and proposition 8

Proposition 6 follows from (76), substituting in the special case assumptions B(L) = B and G(L) = G
and using homotheticity to write 4(r, L, o) = a(r, o).

For corollary 7 and proposition 8, start from equation (76) equating asset demand and supply
A(r,L,0) = A°(r,L) and apply the implicit function theorem to obtain

. dlog A dlogA® ! dlog A
it = — ( o ) S —do (107)
ar. dlog A dlog A® ! dlog A
T N (alogL " dlogL ) a0 % (108)
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Substituting the expressions (91) and (93) into (107), we obtain

-1

. dloga K € dlog A
* — _ - 1
dr T T Aar+o) P (109)
%,—/
€D —€5

Substituting (92) and (94) into (108), we start with the special case of corollary 7 where ep;, = €L = 0

and g—g = 0, which gives
dL 1 K\ 'al
— = - - — OgAdU
L 1-8 A elog
g _1
_ T B alogAdU
1-1t8 A oo
Alternatively, away from the special case, we obtain
dL 1 Yss €DL dlogd(r,L,c) K YsseprL -1 dlog A
= — 1 DL groeat, ) & s d
L <1 — 18 ( + w(r) (reDB teoL) )t dlogL A + A e€pp a7
-1
T8 B epg [ L T €crL dloga(r,L,o) dlog A
= _ — Y= (4 — ) +Y d
1—w'a €DpL (A+(1Tg)w) (1—Tg)w+ dlogL o
=NF =M

where we have substituted Y = Y since we are evaluating at the steady state.

C.8 Proof of proposition 9

As explained in the main text, the steady-state rules for government spending and debt that we consider
in this section replace (13)—(14) with the steady state rules

G G

Y = ‘Y:Ss - €GL(L - Lss) = b(L) (110)
B Bss €DL

— = ———(L—-Lg)=g(L 111
Y YSS €DB< 55) g( ) ( )

This makes fiscal policy neutral with respect to changes in technology that affect Y directly.
Let « now denote the labor share that is obtained in steady state equilibrium. (It was previously
equal to the parameter of the Cobb-Douglas production function, but not in the enriched model.)
We can split the non-labor share into income accruing to capital and monopolistic profits from
markups:
L— = (r+6) o 4 (1= )
Y N——

—_———

capital share profit share
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It follows that

XK_pl-a O_1-p7
Y  r+6 Y

Total asset supply normalized by output is then

B+ XK +11 pt—a 1—pt
- = L

Y b(L) + r+é * r

where we summarize the steady-state fiscal rules for debt and government spending by the expressions
b(L) and g(L) in (110)—(111). Since after-tax labor income as a share of output is « — g(L) — rb(L), it
follows that we can write asset supply normalized by after-tax labor income as

-1

wl—a(r;F,X ) 1—u
(a(r; F, X, u) — g(L) —rb(L))

a*(r,L;F, X, u) =

where we make the dependence of the labor share « on all inputs except L explicit.®?
Asset market clearing can then be written as the equality of normalized asset supply and demand

a’(r,L) = a*(r,L;F, X, ) (113)

and, analogously to appendix C.7, we can get the equilibriating change following a shock by totally
differentiating and solving given the appropriate monetary rule. For neoclassical policy, the adjustment

inris
~1
_ [dloga? dloga® dlog a° dlog 4° dlog 4°
dr( w o °F dF + 5X ax + o du (114)
=d log s /partial

where we define dasPattial o be the impact on #° from changes in F, X, and y, but not including the
impact from general equilibrium changes in r. Similarly, for constant-r or benchmark monetary policy
we start from a depressed steady state, implying that steady-state r is locally constant, we have

dL <alogﬁd dlog a*

-1
it _ s, partial
L dlog L alogL> dlog (115)

In (114), the normalization in log 4 and log 4° cancels out, and the first expression in parentheses equals

d s
alo(—;grA _ 2 loa%A , which following the discussion in appendix C.3 must be positive to guarantee unique-

ness. The analogous claim is true for the first expression in parentheses in (115). As stated in subsection
2.2, we are assuming uniqueness throughout this paper, and therefore we assume that both these expres-
sions are positive for comparative statics.> Given this, any shock resulting in a positive d log a*Partial
will result in positive dr and dL/L in the neoclassical and constant-r/benchmark cases, respectively.

62The labor share is unaffected by L, which simply scales output and incomes conditional on r and the production
parameters F, X, and ji.

3This is just another instance of the ubiquitous point that a condition needed for equilibrium uniqueness or
stability is also needed to characterize comparative statics.
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All that remains is to characterize d log asPartial Erom (112), we write

s,partial —

dloga

-1 _ g, partial -1 partial
1 (dy du _du > da (116)

A r+06 r Ca(l-1)

where dgPartial = g—j'ﬁdF + g—?‘(dX + g—;jdy is defined (analogously to da*P2rial) to be the impact on labor
share « from changes in F, X, and y, holding r constant.

Note that the sign on daP?™i@l in (116) is negative. Therefore, if there is a shock to either the pro-
duction function F or investment prices X that results in a decline daP?! < ( in the labor share while
leaving markups unchanged, we have d log 4*P2l > 0, as desired.

The coefficient on du ! in (116) is negative, since 1/(r + ) < 1/r. A rise in markups du > 0, which
implies du~! < 0, therefore contributes positively to (116). If the rise in markups causes a decline in
the labor share, therefore, combined with our previous result, we have dlog aspartial ~ (0 a5 well. This

completes the proof.®*

D Additional results

D.1 Labor supply in heterogeneous agent models

Most of the heterogeneous agent models with nominal rigidities in the literature remain as close as
possible to the canonical representative agent model by assuming sticky prices, flexible wages, and sep-
arable preferences (e.g., McKay et al. 2016, Kaplan et al. 2016, Athreya et al. 2017). Using the simplified
asset notation of section A.2, under this alternative assumption, households solve

maXce;, n; E [Z‘Bt {u (Cit) -0 (nit)}]
Wi
s.t. cir+ayp =T+ (1—1) ?:nitet (sit) + (1 47-1) a1 (117)
ajp 2 0

where the rest of the notation is as in section 2. The first order condition for the choice between hours
and consumption is then

o' (ny) = (1 - 1) %et (sie) ' (cit) (118)

Equations (118) trace out a labor supply curve for each individual, and the real wage %f is determined
in equilibrium such that the labor market clears, ie

E [njer (sit)] = Lt (119)

Equations (118)—(119) replace equations (4)—(6). Moreover, since prices are rigid but wages are flexible,

(11) is replaced by an equation determining price inflation %

%4n cases with an extremely high elasticity of substitution ¢, it is possible for a rise in markups to result in a rise
in the labor share, because the direct negative effect is outweighed by the substitution away from capital. If this
rise in the labor share is large enough, then the effect of daP?™@l > 0 can dominate and lead to the opposite macro
effects. Conditional on a rise in markups resulting in a decline in the labor share (the case commonly understood to
be true, and considered in proposition 9), however, the result is unambiguous.
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Micro implications of separable preferences. Consider the implications of this alternative for-

mulation for household-level data. As in the main text, let MPC;; = g%: be the marginal propensity to

consume in period t out of unearned income in period t, and now let MPE;; = (1 — 1) %tet (sit) %’%t be
the after-tax marginal propensity to earn in period ¢ out of unearned income in period t. Alsolet ¢ = nUT/"

be the Frisch elasticity of labor supply and v = C_T”,‘// be the elasticity of intertemporal substitution. Totally
differentiating (118), we obtain

(1— ) Bres (sir)

MPEl‘t - — C«t
1

.
! %MPCH (120)

Equation (120) implies a relationship between marginal propensities to earn MPE;; and marginal propen-
sity to consume MPCj; that is at odds with the data in two dimensions.

First, the implied levels of marginal propensities to earn are much too high relative to the data. Many studies,
such as Chetty, Guren, Manoli and Weber (2011), find that the Frisch elasticity of labor supply is close to
or above our calibration of 0.5 for the elasticity of intertemporal substitution (i ~ v = 0.5); while budget
constraints imply that post-tax income must account for an important part of consumption in the cross-

E; [(1_Tf)%”itet(sit)}
E/[ci]

1-— JE,T[::-,] ~1—1"(1—18) = 0.85. Putting these estimates together, we obtain IE; [MPE;| ~ —0.85 x

E; [MPCj;]. Most studies of the marginal propensity to earn, however, find extremely low levels of

section. For example, in the steady state of our model, given that r = 0, on average

E; [MPEj;]. Using a sample of Swedish lottery winners matched to administrative data on earnings,
Cesarini et al. (2017), a paper representative of the studies in the literature, find an average MPE of
—0.01. This is inconsistent with studies of marginal propensities to consume, that find numbers in the
range of 0.25. Even in our model, in which the average marginal propensity to consume is 0.175, the
average marginal propensity to consume implied by (120) remains an order of magnitude too large
relative to these studies.

Second, the implied heterogeneity in marginal propensities to earn is at odds with the data. Equation (120)
implies that marginal propensities to consume and work should be inversely related in the cross-section:
high MPC should come together with high negative MPE, except for individuals with no labor earnings.
There is no evidence in the data to support this hypothesis. Cesarini et al. (2017) find no significant
evidence of heterogeneity in MPE by income. The limited heterogeneity suggested by the data goes in
the other direction as that implied by equation (120): the highest tercile of earners respond slightly more
to lottery wins, with an MPE of —0.01 relative to an MPE of —0.005 for the bottom two terciles (see their
figure 3, panel F).

Alternative preference specifications.  An alternative to this preference specification that avoids
these implications for wealth effects on labor supply is to shut them down entirely by assuming GHH
preferences (eg, Bayer et al. 2017). In Auclert and Rognlie (2017b), we explain why the feedbacks from
consumption-labor complementarities implied by this specification are problematic. In a representative
agent model, we show that they imply that the fiscal multiplier % is equal to to the inverse of the steady
state labor wedge, which in our model is equal to the marginal tax rate . Hence, in our model, such pref-
erences would put the fiscal multiplier above 3, well outside of the range of empirical estimates. More
generally, in Auclert and Rognlie (2017b) we make the case that there is no specification of within period
utility U (cj, nj;) that maintains flexible wages and can both rationalize the microeconomic evidence on
marginal propensities to earn and the macroeconomic evidence on fiscal multipliers. We conclude that
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our specification in the main text, which assumes wage rigidities and removes the short-run choice of
labor (118), is a better match to micro evidence than any of these leading alternatives from the literature.

D.2 Goods vs asset market clearing

While our short-run analysis focuses on flows and discussion of goods market equilibrium, our long-
run analysis is based on asset market equilibrium instead. Could we conduct the long-run analysis in
the goods market instead? The answer is no.
For a simple example of why, consider the special case in section C.7. Start with the long-run goods
market clearing equation
C+I+G=F(KL) (121)

In steady state, I = 6K = éx(r)L and F(K,L) = w(r)L + (r +0)K = w(r)L + (r + d)x(r)L. Further,
in our model, steady-state consumption C equals the steady state flow of after-tax income accruing to
households. Therefore, C = (1 — )w(r)L(1 + ra%(r,)), where after-tax labor earnings are (1 — 7)w(r)L
and the flow of income on assets is r4(r, o) times this. Since Tw(r)L = G + rB by the government budget
constraint, this can be written as C = (w(r)L — (G 4+ rB)) (14 ra(r,0)).

Substituting these into steady-state goods market clearing (121) gives

(w(r)L— (G +7B)) (1 +ra(r,0)) +6x(r)L+G = w(r)L + (r + 6)x(r)L (122)
——
C I F(K,L)

We immediately see that a w(r)L and 6x(r)L are on both the left and right and cancel, and G and —G
cancel on the left. Moving 7B to the right, (122) then becomes

r(w(r)L— (G+rB))a(r,c)=r(B+x(r)L) (123)

Notably, this goods market clearing condition is exactly r times the asset market clearing condition
(27) derived in appendix C.7. Equation (27) implies (123), but not the other way around. Instead, in
our benchmark calibration with r = 0, (123) reduces to the degenerate 0 = 0 and holds regardless of
whether the L is consistent with asset market clearing.

Effectively, Walras’ law breaks down in the steady state, and goods market clearing can be insuf-
ficient for equilibrium. We conclude that long-run macroeconomic adjustment is best understood in
terms of stocks, not flows.

D.3 Monetary policy implementation

We have assumed that monetary policy sets the nominal interest rate it, which is connected to the real
interest rate r; along perfect-foresight paths by the Fisher equation (17):

1+

]_ pu—
e 1+ 74

To clarify how this is possible, let us augment the set of assets that the household trades, introducing a
nominal bond b}, and money m;; (where money is the numeraire, a nominal asset with no other special
properties).
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The budget constraint (2), still expressed in real terms, then becomes

b2
cit +bir + I;t + ? +proir = ye(sit) + (1 +7-1) bis 1
(14ip_1)b%_ (14" ym?_
gty () v (124)

b
bir + lt+ +Ptvzt > 0
t

P
where i} is the interest rate paid on money and i; is the interest rate on nominal bonds.

To complete our description of this augmented economy, suppose that asset market clearing holds
in nominal bonds and money, so that the population means of bj; and m;; equal the supplies B’ and M;,
and that these enter into the government budget constraint as

Wi B} M} - (I+i1) By | (1 4i1) M
PLt+Bt+P + P, —Gt+(1+rt—1)Bt—1+ P, + P,

(125)

Household optimization implies that along a perfect foresight path, the returns on real bonds, nominal
bonds, and money must be equalized. Equal return for real and nominal bonds is the Fisher equation
(17), while equal return for nominal bonds and money is

it:lt

Hence, we can think about monetary policy working as follows. Monetary policy sets the interest rate
paid on money i}, which through household optimization is equated with the nominal interest rate i;
on bonds and then sets the real interest rate ; via the Fisher equation.®®

In our model, we assume that nominal bonds and money are in zero net supply, and we calibrate
initial individual household positions such that each household has bl'.ffl = m?ﬁl = 0. Since there is no
distinction between these assets along perfect foresight paths, b} and m} can also be rolled for t > 0 into
the consolidated household asset position a; as discussed in appendix A.2. These assumptions mean
that nominal bonds and money, aside from facilitating monetary policy, play no role in the model. They
are therefore omitted in the description (2) of the household budget constraint in the main text.*®

For each monetary regime we consider, monetary policy sets i; via i}*. This is straightforward for our

benchmark Taylor rule with a zero lower bound, which directly spec1f1es the choice of i;. For neoclassical

5This is distinct from the traditional view of monetary policy, where there is a convenience yield on money due
to its value in overcoming transactional frictions, and where monetary policy controls the nominal interest rate by
changing the supply of money and therefore its marginal convenience yield.

This traditional view is no longer an accurate depiction of monetary policy in many large economies, including
the US, where post-2008 there has been an abundance of excess reserves and the prevailing short-term nominal
interest rate has been roughly equal to the interest rate on excess reserves. Interpreting ij* as the interest rate on
excess reserves, therefore, we believe this model more accurately depicts the mechanics of monetary policy in its
current form.

%1t is worth noting that even if we did not assume zero net supply and zero initial household positions
bi! 1 = m_; =0, the perfect foresight assumption means that neither nominal bonds or money make any differ-
ence to either the household or government budget constraints, except at date 0 following an unanticipated shock.
Our treatment of nominal bonds and money can therefore be viewed as a simplifying assumption for the date-0
calibration of asset positions, one that is relatively innocuous given the limited inflation response to our shocks. See
Auclert (2017) for more discussion of how different initial asset positions lead to redistributive effects from changes
in the price level and nominal interest rate.
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policy, the central bank sets i; such that the r; implied by expected inflation is consistent with L; = 1
at all t. For constant-r policy, the central bank attempts to set i; such that the r; implied by expected
inflation is constant at ; = r*. This is not always feasible, since sometimes maintaining this target for r;
would require L; > 1; it is feasible as long as constant r is consistent with L; < 1 in equilibrium, which
is the case in all of the experiments in this paper.

D.4 Taylor rules

Here we examine the robustness of our results to an alternative monetary regime with active Taylor
rules. We begin with our benchmark Taylor rule (18) with a zero lower bound i = 0:

it — max (1, (1+7’*)(1+7L’*> (Pt/Pi‘l)‘?> _1> (18)

1+ 7t*

In the paper thus far, ¢ has turned out to be irrelevant, since the lower bound is always binding in our
experiments.

In this extension we start by supposing that the monetary authority follows the same monetary rule
but that it is not constrained by any lower bound (i.e. i = —o0). We then additionally consider a slightly
broader family of standard Taylor rules, which respond to both inflation and unemployment—where
we use L;/Lss as our measure of the deviation of unemployment from steady state:

P ¢
= @) ()T () (126)

To see how these changes in the monetary regime affect the equilibrium response to temporary and
permanent inequality shocks in our model, we recompute the general equilibrium impulse responses
in figures 4 and 11. We continue to display the impulse responses under the ZLB monetary regime
(18) as a benchmark, but now we additionally display impulse responses under a Taylor rule (126) with
coefficients (¢, = 1.5,¢; = 0) and (¢ = 1.5,¢; = 0.5). The first specification captures a Taylor rule
that responds only to inflation, with a standard slope of 1.5, and the second specification captures a
Taylor rule that additionally responds to unemployment.

It is important to note that when we recalibrate the model to these alternative monetary regimes, we
continue to assume the same steady-state calibration targets, including i* = 0 and 77* = 0. This parallels
our earlier treatment of different monetary regimes (e.g. neoclassical vs. ZLB), and it facilitates easier
interpretation by ensuring that we only see differences in the impulse response to inequality shocks, not
in the steady states prior to those shocks.

Inequality in the short run. Figure D.1 displays the results from recomputing the GE impulse re-
sponses in figure 4 under our new Taylor rule specifications.

The Taylor rule that only responds to inflation, with ¢, = 1.5, delivers results nearly identical
to our benchmark ZLB specification. The differences are minor and vary over the impulse response:
with ¢, = 1.5, the initial drop in output is slightly smaller, but the persistent decline in output is
slightly larger. The impact here is small because our model features relatively little variability in inflation
when the downward nominal wage rigidity constraint is binding. Locally, changes in price inflation
come entirely from changes in the marginal product of labor as the capital/labor ratio varies due to the
business cycle, rather than from wage inflation.
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Figure D.1: General equilibrium for temporary shock with Taylor rules

When we add ¢ = 0.5 to the Taylor rule, the output response to the inequality shock shrinks to
roughly half its previous magnitude. Qualitatively, most of the impulse responses look similar, with the
key difference being that there is now a positive net investment response to the contraction: the decline
in real interest rates from the Taylor rule overwhelms the declining marginal product of capital in (22).

Inequality in the long run. Figure D.2 displays the results from recomputing the GE impulse re-
sponses in figure 11 under our new Taylor rule specifications.

Again, the Taylor rule that only responds to inflation, with ¢, = 1.5, delivers results that are nearly
identical to our benchmark along the transition path. Furthermore, both monetary regimes converge
to exactly the same steady state. The reason is that long-term inflation is locally pinned down by the
downward nominal wage rigidity constraint, and without any change in long-term inflation there can
be no difference between the long-term Taylor rule and ZLB responses.

By contrast, the Taylor rule that adds ¢; = 0.5 features an increase in steady-state gross output,
thanks to long-term capital accumulation driven by lower interest rates. Employment still declines, but
only by about one-tenth the ZLB benchmark response. Net output also declines, with an decrease in
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Figure D.2: General equilibrium for permanent shock with Taylor rules

steady-state consumption offsetting a small increase in steady-state government spending.®”

In short, with this Taylor rule response, the economy settles into a muted long-term malaise. The
effect of interest rate flexibility in this long run case is larger than in the short run, because permanent
changes in interest rates lead to substantial, permanent changes in labor and capital.

Summary discussion of Taylor rule results. Broadly, the lesson here is consistent with our earlier
discussion of the impact of inequality shocks: they are only recessionary when interest rates do not
move with sufficient speed and magnitude to offset their aggregate demand impact. More responsive
Taylor rules bring the economy closer to the neoclassical case, where the employment effect is zero and
the gross output effect is positive. In our calibration, however, the sensitivity of inflation to slack is too
weak for Taylor rules responding only to inflation to make much difference; we therefore only see this
effect with a Taylor rule that responds directly to employment. (In a alternative calibration with more

®7Since we start by calibrating to r = 0, the capital-labor ratio in the initial steady state is at its golden rule
level, and locally any change in the capital-labor ratio will have zero effect on steady-state combined private and
government consumption (which in this model, without growth, equal net output). The state-state employment
and net output effects here are therefore equal in percentage terms.
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Figure D.3: Permanent shock under alternative initial portfolio allocations

responsive wage inflation, both components in the Taylor rule would most likely matter.)

In sum, although we prefer the ZLB case as a benchmark because we view it as the most transparent
and realistic case of interest rate insensitivity, any monetary regime with an insufficiently responsive
interest rate will deliver similar results.

D.5 The role of asset revaluations

Here we show that our results are nearly invariant to asset revaluation effects-that is, to the the par-
ticular 6 (-) function we use. As described in section B.1, we consider 6%, 8* and 8% as three possible
distributions of household portfolios. Figure D.3 considers the impact of our permanent shock under
ZLB monetary policy, depending on the initial assumption about §. While it is clear that in the steady
state, reallocation should no longer matter, this figure makes clear that quantitatively, even for the initial
periods of the transition path these differential revaluation effects are very small. The only apparent
effect is that broader distributions of assets imply a slighly more contractionary effect of rising inequal-
ity since the wealth effect from falling asset prices is felt more broadly in the population—by contrast,
under our narrow definition of equity holdings, the lower-MPC, higher-asset agents tend to bear the
cost of the falling asset prices alone, mitigating the downturn.
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Figure D.4: Possibility of multiple equilibria with countercyclical income risk

While there is a very small difference across impulse responses with different initial asset distri-
butions in this example, the case of a transitory shock at the ZLB has all responses even more closely
aligned. The reason is that in that case investment barely moves on impact, so that o ~ 1. As a result
the revaluation effects are extremely muted.

D.6 Multiple equilibria

Figure D.4 shows that our specification with countercyclical risk built into the income incidence func-
tion, i.e. (67) with I' < 0, can potentially generate multiple equilibria. As employment L falls, income
risk increases, pushing up asset demand relative to our benchmark. This makes the asset demand curve
in figure D.4 steeper in A-L space, or even backward-bending around our calibrated steady state for
sufficiently negative I. And when asset demand is steeper than asset supply at our steady state, there
are multiple equilibria globally: this follows from the necessary condition for uniqueness in proposition
21 (which also turns out to be sufficient throughout the cases in figure D.4).

In addition to adding countercyclical risk, figure D.4 modifies our benchmark calibration by assum-
ing that fiscal policy keeps debt and spending constant. This contributes to multiplicity by decreas-
ing the slope of the asset supply curve. Indeed, in our benchmark calibration, countercyclical fiscal
policy makes asset supply slope downward (see figure 10), which would rule out multiplicity except
for extremely negative I' < 0. Essentially, by providing assets in sSlumps where increased income risk
places those assets in heavy demand, countercyclical fiscal policy dampens feedback and pushes toward
uniqueness.

The steady-state multiplicity under countercyclical risk in figure D.4 is closely related to similar
steady-state multiplicity in Kreamer (2016) and Heathcote and Perri (2018).
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