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Abstract

This paper compares the impact of setting the money growth rate versus pegging the interest rate on
aggregate real variables and their distributions. In either case, the monetary policy, in isolation, requires
the price level to jump to ensure intertemporal solvency but has no real dynamic effects. The choice of
monetary instrument has consequences for wealth and income inequality, doing so in potentially conflict-
ing ways. Following real shocks, the accompanying monetary policy will influence the ensuing transition.
For real variables, this operates entirely through its impact on the speed of convergence and is negligible.
For financial variables, the impact also depends upon the initial jump in the price level. These effects vary
more substantially between policies and have more significant distributional consequences. Overall, the
impact on inequality is dominated by the real shocks themselves, rather than the accompanying monetary
policy. Finally, we compare these two policies to inflation targeting, which is shown to be the least favorable
for reducing wealth inequality, but the most favorable for reducing income inequality.

Keywords: Alternative monetary policies; wealth and income inequality

1. Introduction

How should a Central Bank conduct monetary policy? Should it seek to control some monetary
aggregate or should it target some interest rate? Periodically, the Fed has switched its policy tar-
gets. Prior to 1979, the Fed generally targeted the federal funds rate. Then, for the brief period
1979-1982 it targeted the narrow monetary aggregate, M1, gradually broadening the target over
the period 1982-1993 to include M2, after which Chairman Greenspan announced that the Fed
would no longer use monetary aggregates to guide policy. This choice of monetary targets gave
rise to the “monetary instrument problem,” originally formulated by Poole (1970), who using a
simple stochastic IS-LM model analyzed whether it is preferable to operate monetary policy by
targeting the money supply or by controlling the interest rate. Poole’s study spawned an extensive
literature, focusing on aspects such as the potential indeterminacy of the price level when pegging
the nominal interest rate (Sargent and Wallace (1975), McCallum (1981)) and the choice of the
optimal monetary aggregate to target (Roper and Turnovsky (1980), Barnett (1982)).

The early literature focused exclusively on the implications of the choice of monetary policy
for aggregate measures, specifically the stability of national income. While this is a natural objec-
tive, it is also important to determine the consequences the choice of monetary policy instrument
may have for the distribution of wealth and income across heterogeneous agents in the econ-
omy. In fact, there is growing literature investigating the relationship between monetary policy
and inequality measures, see Colciago et al. (2019) for a comprehensive review. As the authors
note, many studies are purely empirical and yield conflicting results. The lack of clear conclu-
sion suggests the importance of comparing the distributional consequences of alternative forms
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of monetary policy within a more structured framework. The objective of this paper is to pro-
vide such a framework and to compare the implications for the distribution of wealth and income
across heterogeneous agents, when the monetary authority targets the nominal money growth
rate versus pegging the nominal interest rate.

While our primary focus is on the monetary instrument problem as articulated by Poole, we
also briefly address the related monetary policy of “inflation targeting.” This policy was first intro-
duced by the Reserve Bank of New Zealand in 1989 and has since been adopted by a number
of Central Banks. The countries to have introduced some form of inflation targeting include the
United Kingdom, the USA, Canada, Sweden, Australia, and South Korea. The target inflation rates
are typically around 2% but often allow some flexibility in the range 1-3%.

In choosing the framework to employ for this analysis, two key issues must be addressed. These
pertain to: (i) the nature of the heterogeneous agent model and (ii) the degree of money-price
flexibility. With respect to the former, our choice is to adopt the “representative consumer the-
ory of distribution” (RCTD) framework originally introduced by Caselli and Ventura (2000).!
This approach assumes complete markets and homothetic utility. Its structure facilitates aggre-
gation, with the evolution of the aggregate (macroeconomic) variables and the impact of policy
being determined independently of any distributional characteristics. In fact, some support for
this approach is provided by Krusell and Smith (1998), who suggested that the underlying house-
hold wealth and income inequality have only relatively modest impact on the aggregate dynamics.
Overall, we view the tractability of the RCTD approach, its amenability to calibration, and its facil-
ity to characterize transitional dynamics, as sufficiently appealing so as to adopt it over the more
stylized incomplete asset markets approach based on Bewley (1977) and Aiyagari (1994).

But we also acknowledge that the RCTD approach imposes restrictions, such as the absence
of idiosyncratic productivity shocks and limited market accessibility, which are at the heart of
the incomplete markets setup. Also, to preserve homothetic utility and to take advantage of the
aggregation it facilitates, constrains how money can be introduced into system. These restrictions
impact the macro-dynamic equilibrium and have consequences for inequality.

Motivated in part by the doctrine espoused by Friedman (1960), who long ago advocated the
proposition that monetary policy should be directed to maintaining a stable nominal money
growth rate, we focus on the long run. Thus, we address the monetary instrument problem in
the context of a standard Ramsey model in which agents make their consumption and savings
decisions to maximize their intertemporal utility, with prices being assumed to be completely
flexible. We adapt the well-known Sidrauski (1967) money-growth model to include heteroge-
neous agents, whose heterogeneity stems from their differential initial asset endowments. Instead
of focusing on the usual aggregates such as the capital stock, employment, and output, we consider
the implications for the distributions of wealth and income across agents. The reason for doing so
is that in a long-run model such as this, with perfectly flexible prices, the role of monetary policy
in influencing long-run real productive elements is limited. But, in contrast, the form of monetary
control, by influencing the transitional path of financial variables, does have consequences for the
distributions of both wealth and income, over time and in steady state.

Overall, while our choice of analytical framework—RCTD heterogeneity coupled with long-
run monetary growth and flexible prices—is clearly restrictive, we nevertheless view it as providing
a reasonable benchmark. Moreover, as our results below will confirm, it is compatible with sub-
stantial bodies of empirical evidence and can potentially help reconcile some of the conflicting
results found in the literature.

Using the above setup, this paper addresses the distributional consequences of two types of
changes. The first is a pure expansionary monetary policy. In this case, we find that with perfectly
flexible prices, and in the absence of taxes impeding production, monetary policy in isolation has
no dynamic consequences. If the central bank, maintaining a constant nominal money growth
rate, engages in an expansionary policy by increasing its growth rate, there are no real effects.
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Instead, it will lead to an immediate increase in the price level leading to an instantaneous port-
folio adjustment.? This reduces the share of assets denominated in nominal terms (money and
bonds) in the economy, which, being held in greater proportion by the relatively less affluent,
causes wealth inequality to immediately increase. But by reducing the real value of bonds and
the income it generates, while the real wage rate remains unaffected, the price increase raises the
share of income earned by labor, which favors the less affluent. The distribution of income is thus
impacted by both these influences, and the net effect on income inequality depends upon which
effect dominates. In contrast, if the monetary authority pegging the nominal interest engages in
monetary expansion by reducing the interest rate, the price will immediately drop, causing pre-
cisely the opposite responses; wealth inequality will decline and the response of income inequality
is uncertain.

Numerical simulations suggest that in either case the response of the price level is sensitive to
the existing portfolio structure. These simulations also suggest that unanticipated permanent dis-
crete changes in monetary policy may have a significant impact on inequality, and the qualitative
response of income inequality may, or may not, coincide with that of wealth inequality.

The second scenario we consider is if the economy experiences a real shock, either due to policy
or a structural change. In that case, we compare how the accompanying monetary policy will
impact the ensuing transitional paths. For aggregate variables, this operates entirely through its
impact on their speed of convergence, with the differential effects of alternative monetary policies
turning out to be negligible. But for financial variables, the differential effects also depend upon
the sensitivity of the initial response of the price level to the underlying real shock. These effects
are more substantial, leading to somewhat more significant distributional consequences.

In general, there is a conflict between targeting the money growth rate and pegging the nominal
interest with respect to their distributional consequences. Maintaining a constant money growth
rate will lead to a larger increase in wealth inequality (both in the short run and over time), but
a smaller increase in income inequality following an increase in government expenditure, than
if the interest rate is pegged. An analogous comparison applies with respect to the distributional
consequences of a productivity increase. Pegging the interest rate will lead to a larger decline in
wealth inequality, but a smaller decline in income inequality, than if the money growth rate is set.
In either case, inflation targeting is the least favorable from the viewpoint of minimizing wealth
inequality but the most favorable in terms of constraining income inequality.

But in all cases, the differences caused by the alternative forms of sustained monetary policy are
small. This finding provides some support for the view espoused by Bernanke (2015) and others,
suggesting that inequality is driven primarily by the structural changes, themselves, and that the
accompanying monetary policy plays only a limited role.

This paper is related to several diverse bodies of literature. Building on the early literature, a
number of studies analyze the relationship between monetary policy and fiscal policy in terms
of stabilizing the economy. Using the cash-in-advance monetary economy of Lucas and Stokey
(1987), Sims (1994), and Woodford (1994) showed that a policy of fixing nominal interest rates
brings about price stability when the primary surplus defined as the difference between taxes and
government expenditures is exogenously given. Using the same model, Schmitt-Grohé and Uribe
(2000) focus on a balanced budget rule in which the secondary surplus, defined as tax revenues
net of government expenditures and interest payments on the outstanding public debt, is required
to be zero. They showed that fixing the nominal interest rate brings about price instability, while
fixing the growth rate of money supply stabilizes the price. With the focus being on stabiliza-
tion of the aggregate economy, none of these studies address optimal monetary policy from the
perspective of wealth and income inequality.

There is also an extensive literature analyzing the impact of fiscal policy and increases in total
factor productivity (TFP) on inequality. Garcia-Pefialosa and Turnovsky (2011) focus on pub-
lic consumption, while Chatterjee and Turnovsky (2012) address public investment. Both studies
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highlight the sensitivity of their impact on inequality to the different tax instruments used to
finance the expenditures. Maliar and Maliar (2003) and Turnovsky and Garcia-Pefialosa (2008)
address the impact of increases in TFP on the distributions of wealth and income, while Lim
and McNelis (2013) compare the effects of alternative government expenditure rules on income
inequality and welfare. Apart from Lim and McNelis, who introduce monetary policy via a Taylor
rule, these studies abstract from the monetary sector and the potential influence of monetary
policy.

As already noted, there is a recent burgeoning literature reviewing the relationship between
central bank monetary policies and wealth and income inequality. This has included both
the development of theoretical general equilibrium models identifying alternative distributional
channels of monetary policy and the growing empirical evidence relating monetary policy and
inequality. In their review, Colciago et al. (2019) classify the literature into two categories, accord-
ing to whether it focuses on (i) the implications of the underlying micro heterogeneity for the
transmission of monetary policy shocks or (ii) the distributional effects of monetary policy.
Prominent contributions in the first category include Kaplan et al. (2018) and Auclert (2019),
who adopt variants of the New Keynesian model to assess the heterogeneity of wealth holdings
in determining the impact of monetary policy on aggregate variables, particularly consumption.’
Within this classification, our paper belongs to the latter category, as does the more recent paper
by Chang et al. (2020), who examine the impacts of money growth rate on distributions, using a
cash-in-advance model with cash and credit goods, developed by Lucas and Stokey (1987).%

In employing the flexible price (Sidrauski (1967)) money-growth framework to focus on the
long-run distributional consequences of monetary policy our approach contrasts with much of
the monetary policy literature which employs short-run sticky price models. In doing so, we
build on our recent work, Gokan and Turnovsky (2021, 2023a), although the focus of the current
paper is quite different. Both previous papers adopt the traditional policy of setting the nominal
money growth rate as the policy instrument. The first paper showed that the super-neutrality of
the money growth rate, associated with the Sidrauski growth model, does not extend to inequal-
ity. The latter paper used an endogenous growth setup to compare the impact of government
consumption and investment on inequality under money-financing, while maintaining a fixed
debt-money ratio.” In a forthcoming paper (Gokan and Turnovsky (2023b)), we apply this frame-
work to address the widely adopted case where the monetary authority targets the inflation rate
by means of a Taylor rule. There we find that the consequences for both wealth and income
inequality depend crucially upon the intensity with which the nominal interest rate responds to
the inflation rate. As will become clear, the implications for inequality obtained in the present
paper contrast sharply from both the previous findings as well as those implied by application
of a Taylor rule. This, together with the diverse empirical evidence, clearly justifies the need to
consider the implications of alternative specifications of monetary policy for wealth and income
distribution.

The remainder of this paper proceeds as follows. Section 2 sets out the analytical framework,
while Section 3 describes the macroeconomic equilibrium corresponding to the two specifications
of monetary policy. Section 4 discusses alternative measures of distribution and inequality and sets
out their dynamics. Section 5 highlights the contrasting distributional consequences of a nominal
expansionary monetary policy, in isolation. Section 6 selects parameter values that are consistent
with the US economy and to be used in subsequent numerical simulations. Section 7 compares
the impact of money growth targeting versus pegging the nominal interest rate when the econ-
omy experiences two real shocks (i) an increase in government consumption (demand shock) and
(ii) a productivity increase (supply shock). Section 8 briefly compares the distributional conse-
quences of inflation targeting with the other two forms of monetary policy. Section 9 relates the
implications of this study to some of the recent empirical evidence, while Section 10 concludes.
Technical details are relegated to the Appendix, where possible.
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2. Analytical framework

This section summarizes the analytical framework. To the extent that it draws upon our earlier
work, Gokan and Turnovsky (2021, 2023a), our description can be brief, mostly dedicated to
describing the alternative and contrasting specifications of monetary policy.

2.1. Firms

There is a single representative firm that employs a standard neoclassical production function to
produce an aggregate good that can be either consumed or accumulated as capital:

Y=F(K,L), Fg=>0,Fgx <0,F>0,F; <0, and Fgg > 0, (1)

where Y, K, and L denote per capita output, capital, and labor. Profit maximization implies
that the return to capital, r, and the real wage rate, w, are determined by the marginal product
conditions:

r=Fg(K,L)[=r(K,L)] and w=F;(K,L)[=w(K,L)]. (2)

2.2. Heterogeneous households

The population comprises N heterogeneous households, indexed by 7, and remains constant over
time. Individual (household) i owns A;(#) units of real wealth at time ¢ and the economy-wide

average of total wealth is A(t) = ﬁ fON A;(t)di. The relative share of total wealth owned by indi-
vidual i is a;(t) = A,(t)/A(t), the mean of which across agents is one. There are three sources of
private real wealth in the economy: private capital, K;j(t), real money balances, M;(t), and real
government bond, B;(). Agent i's holding of each component of private wealth is denoted by the
subscript i, with his relative share of each being defined analogously to a;(¢).

Each household has one unit of time that can be allocated either to leisure, [;(t), or to labor,
1 — I;(t) = L;(¢), so that summing across individuals, the average economy-wide labor supply and
leisure are L=1—1=1— I%] fON lidi. The agent maximizes lifetime utility, specified as a con-
stant elasticity function of consumption, C;(t), leisure, [;(¢), real money balances, M;(t), and a
multiplicatively separable function, 4(G), of government expenditure, G, taken as given:

Q= i /oo [(C,-(t) Li(t)P M,-(t)”)y -h(G)]e—/”dt —co<y<1,B,n>0,1>y(1+B+1n)
0
(3)

where k = (1 — y)~! > 0 denotes the intertemporal elasticity of substitution (IES). Empirical evi-
dence overwhelmingly supports 0 < x < 1, in which case y < 0, ensuring that the utility function
is concave in the three variables, C;(t), [i(t), and M;(¢).° In the less common case k > 1, the utility
function is concave with respect to these variables, if and only if 1 > y (1 + 8 + ).

The optimization is performed subject to the agent’s wealth accumulation constraint

Ai() =Ki(t) + Bi(t) + Mi(t) = (1 — 1)(r (t) — HKi(t) + (1 — Dw()[1 — ()] — Ci(D)
+ [R(?) — 7w ()] Bi(t) — 7 () M;(t) + Ti(t) (4)

where § denotes the (constant) rate of capital depreciation, assumed to be tax-deductible, R(t)
denotes the nominal interest rate, 7 () denotes the rate of inflation, 7 is the constant income tax
rate (common to both capital and labor income), and T; is lump-sum transfers/taxes which the
government sets to maintain its intertemporal solvency and that the agent takes as given. For nota-
tional convenience, we omit the time index t whenever possible.” Carrying out the optimization
yields the following relationships:
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P MY (G) = i (5a)
Ci
=0~ w(K, 1) (5b)
i
Ci
— =R 5
v (5¢)
(1-0)(r(K,))—8)=R—m= (5d)
A
1= (r(K,))=8)=p— = (5e)
1
lim e ?'A,K; =0, lim e ®'A;M; =0and lim e ?'A;B;=0. (5f)
t—00 t—00 t—00

where 1; is the agent’s shadow value of wealth. Using /=1 — L enables us to express w and r as
functions of [ rather than L.

Equations (5a)-(5e) are standard optimality conditions that determine allocations at a given
time, while (5f) are transversality conditions that ensure intertemporal viability of the household’s
consumption and savings decisions. We define the economy-wide averages X = N1 fON X;di for
all relevant variables, X = K, B, M, C, I. Since all agents face the same wage rate and same rates of

return on assets, the optimality conditions imply:
Ci(t M;(t Li(t
G _ M _ Lo _ .
c M@ It

so that agent i's share of the three averages maintains the same constant value, ¢;, over time.%

Equation (6a) further implies that all agents choose the same growth rates for consumption,
leisure, and real money balances (although their levels differ):
G _Coy Moy _ M@ G o
Ci(t) — C®)" M)y — M)’ Ii(t) — L(t)
which, in turn, implies that the aggregates grow at the same respective rates. These relationships
which are a key implication of RCTD play an important role in facilitating the aggregation.

(6b)

2.3. Government

Government expenditures include its spending on a publicly provided consumption good and
the interest payments on its outstanding debt, while earning revenues from the taxes imposed
on labor income and capital income. It finances the deficit by issuing a mixture of government
bonds and nominal money. With the constraint imposed by its monetary targeting rule, it also
imposes lump-sum transfers/taxes in order to ensure its intertemporal viability. Therefore, the
consolidated government budget constraint expressed in real terms is

M+B=G+R—-m)B—aM—1t[(r—8)K+wL] - T (7)

Our focus is on the specification of monetary policy, and in particular comparing the
distributional consequences of:

(i) Maintaining a constant growth rate of nominal money supply, as initially proposed by
Friedman (1960). For this to be sustained at the constant rate, 6, requires that the real money

growth rate is M(t)/M(t) =0 — n(t).
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(ii) Pegging the nominal interest rate at R(t) = R, as initially analyzed by Poole (1970), with the
real money supply being determined by (9¢) below.

3. Macroeconomic equilibrium

For either policy, the dynamics of the aggregate economic variables are derived by summing
the optimal conditions across agents, derived in Section 2, and dividing by the population, A.
As already noted, by employing the RCTD framework the dynamic evolution of the aggregate
economic variables is determined independently of any distributional characteristics.

3.1. Maintaining constant nominal monetary growth rate

To derive the macroeconomic equilibrium, we proceed as follows. First, summing (5b) over
individual agents and using (2) we obtain C= (1 — )~ 'F1(K, L)l = C(K,L) = C(K, I).” The
macroeconomic equilibrium can then be described by the following dynamic equations:

Z— ! 1 Frx (K, L o) I1 K M 8
i_A_Q[( —O)[Fg(K,L) = 8] —p + 9E+WA_4] (8a)
K=F(K,L)— C(K,L) — 8K — G, (8b)

M _ CK,L
2= (-l D)~ 8 (80)

together with L=1-1 L= —I, and where Ap= 1-v) (1 gﬁ) —By >0, Tlh=
—(1-y) § <0,s=KFk/Y is capital’s share of output, and ¢ = FxFL/FFky is the elasticity
of substitution in production. As long as the production function F(K, L) is a general constant

returns to scale function, both s and € are functions of the capital-labor ratio K/L.!

3.2. Pegging the nominal interest rate
If monetary policy takes the form of pegging the nominal interest rate at R(¢) = R, the macroeco-
nomic equilibrium is specified by:
L ot — 51— p - 50)
- — — 7 ) — — — J—
1~ Ax K 1Y R K a
K=F(,L)—C(K,L)— 8K — G (9b)

where Ag=(1—1y (1+1n)) (1—}-%&1) —By >0, Ir=—(1—y(1+n)) ; <0. In this case,

the real money stock is obtained by aggregating (5¢), and having obtained K, L from (9a) and
(9b) is determined by

M(t) = (n/R) C(K(1), L(t)) . (9¢)

3.3. Steady state

Regardless of the form of monetary policy, equations (8a), (8b), (9a), and (9b) indicate that the
following hold in steady state, denoted by the superscript*
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(1 —0)[Fx(K*,L*) = 8] =p (10a)

F(K*,L*) — C(K*,L*) = 8K* -G =0 (10b)

Therefore, the steady-state values of capital, labor (leisure), output, the wage rate, return to
capital, and consumption are all determined independently of the nominal money growth rate
and how it is being determined. That is, in the long run monetary policy is super-neutral insofar
as these real quantities are concerned.'!

For the long-run value of inflation to be independent of how monetary policy is implemented,
the steady-state values of real money balances obtained under the two monetary regimes must be
equal. This will be met if the monetary authority adopts policies that satisfy # = R — p, in which
case

M*=(n/(0+ p)) C(K*,L*) = (n/R) C(K*,L*). (10c)
Since our objective is to compare the dynamic consequences of the two forms of monetary

policy, we assume that they satisfy this condition and are thus compatible with the same steady
state.!?

3.4. Local aggregate dynamics
We begin by setting out the aggregate dynamics corresponding to the two forms of monetary
policy.

3.4.1 Constant nominal money growth rate
To obtain the local aggregate dynamics when the monetary authority maintains the growth rate
of nominal money supply constant, that is, 6 = 6, we linearize (8) around steady state:

% %k % %k %
j Lo a1 ny-an—1FA-0)rf L -an+-eny-an+l(1-0)rk Lony-(0+p) [ ¥
Y Y N
. 6 6 6
o *
K|= asn ax 0 K—-K
Y - *
M asi as 0+p M-M
(11)

where the elements of the matrix in (11) are defined in Appendix A.1. There we suggest that
under plausible conditions, convincingly met by our calibrated model, the dynamic system has
one negative eigenvalue g (< 0), so that all aggregate variables converge to their respective steady
states at the common rate |itg].

With I(0) and M(0) free to jump instantaneously in response to new information (the latter
through a jump in the price level P(0)), while K(t) is constrained to evolve gradually from its
initial value, Ky, the stable equilibrium paths for K, I, and M can be expressed as:

K(t) =K* 4 (Ko — K*) ! (12a)
I =1+ (M) (K(t) — K*) (12b)
a1
M(t) = M* — (g — a_zz)tl31 + aza3; (K(t) — K*) (120)
a1 (0 +p — o)

In Appendix A.1, it is noted that while sgn (119 — az2) is potentially ambiguous, it is most likely
negative, as is certainly the case in our simulations. In that case, if the economy experiences an
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expansion in the aggregate capital stock (Ko < K*), following initial jumps, average leisure, I(t),
and real balances, M(¢), will both increase monotonically to their respective steady-state values, I*
and M*, during the subsequent transition.'?

Using the government budget constraint, (7), and the transversality condition, (5f), the time
path for government bonds, B(t), can be solved in the neighborhood of the steady state as:

1
B(t)=B*+ ——— [ Ag(I(t) = I*) + T9(K(t) — K*) — (0 M(t) — M¥)|, 13
® +M9—p+x[9(() ) + Lo (K(D) ) — O+ x) (M) )] (13)
where Ay and Iy are defined in Appendix A.1, and the derivation of (13) is also provided. There
we point out that to satisfy the transversality condition, and with the nominal stock of bonds
being sluggish, B* and x are set so as to satisfy the appropriate initial and steady-state condi-
tions for (13), given by (A5a) and (A5b). In equilibrium, government bonds also converge at the
rate |ug]|.

3.4.2 Pegging the nominal interest rate B
If monetary policy is specified in terms of pegging the nominal interest rate, that is, R(f) = R, the
local transitional dynamics are described by:

Ag Ay

I (/R Mraq —I*A—o)rf - (/K Djan+1I" (1) 1—1
[ } [ ] (14)

K az axn K—K*

where the elements of the matrix are defined in Appendix A.2. In this case, one of the two eigen-
values is negative, (r(< 0), so that all aggregate variables converge to their steady state at the
common rate |ugr|. From (14), the saddle path describing the transitional dynamics of capital
and leisure is described by (12a) and (12b), with ur replacing pg. The transitional path of real
money supply tracks that of consumption in accordance with equation (9¢), while the dynamics

of government bonds are now

1
B(t)=B*+ ——— [Ag(I = I*) + Tr(K — K%)]|. 15
(0=B"+ - [Ax(I= 1) + TR(K —K")] (15)
subject to the constraints (A8a) and (A8b), and where Ag and I'g are defined in Appendix A.2.
These results depend in part upon the form of the underlying utility function (3) and may be
summarized by the following observations:

(i) The steady states of the real variables (output, employment, capital, consumption) are
independent of how monetary policy is conducted.

(ii) The steady state of the monetary variables (inflation and real money) is independent of
how monetary policy is conducted, provided 8 =R — p.

(iii) The differential effects of targeting the monetary growth rate or pegging the nominal inter-
est rate on the transitional paths of the real variables operate entirely through its impact on
their respective adjustment speeds, |1/, | (r].

(iv) The differential effects on transitional paths of the monetary variables reflect both the dif-
ferential adjustment speeds, |ig||r|, and the initial jump in the price level necessary for
the real money supply to follow the respective stable transitional paths (12c), (9¢).

4. Dynamics of wealth and income inequality

We now turn to the implications for the distributions of wealth and income. Since the impact of
monetary policy manifests itself through the aggregate variables discussed in the previous section,
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no further identification of the specific form of monetary policy is necessary. Also, because this
procedure is adapted from our earlier work, details are relegated to Appendix B. Instead, our focus
here is to identify the various channels whereby aggregate variables influence the distribution.

4.1. Relative wealth and wealth inequality
The evolution of the relative wealth of individual i, described by equations (B3) and (B4), reflects
two underlying sources of dynamics. First are those of the aggregate variables, K(t), [(t), described
by (11) and (14), that generate the returns to capital and labor for the two forms of monetary
policy. Second are the internal dynamics of relative wealth, a;(t), which depend upon the coef-
ficient of g; in (B1) evaluated at steady state, and under weak restrictions can be shown to be
positive. Specifically, if private consumption exceeds after-tax labor income, then aggregating the
optimality condition, (5b), over individuals implies I* > /(1 4+ ) which in turn ensures
I* > _s =v (16)
1+8+n

Imposing (16), (B2) then implies that the greater is an agent’s steady-state relative wealth, the
more leisure he enjoys and the less labor he supplies. This reflects the fact that wealthier agents
have a lower marginal utility of wealth.!®

In general, the individual’s initial relative wealth, a;(0), is endogenous. This is because money
and bonds, being denominated in nominal terms, are subject to real shocks due to the jump in
the price level, P(0), at the time a policy change or structural change occurs. Equation (C2) sets
out the relationship between the jump in P(0) and initial relative wealth, showing that the impact
of P(0) on a;(0) depends upon the difference between the individual’s allocation between the real
asset (capital) and the nominal assets (money plus bonds, Ny) and the economy-wide allocation.

Because of the linearity of (C3) and (C4), we can readily transform these equations into a rela-
tionship describing the evolution of the standard deviation of wealth across agents, o,(t), which
serves as a convenient and tractable summary measure of wealth inequality:

ot
04(t) = %Ua(o) (17)

and which converges in steady state to o) = ﬁ - 04(0). Equation (17) highlights how the evolu-
tion of 0,(t) is driven by two factors, (i) initial wealth inequality, 0,(0), and (ii) the evolution of
relative wealth, a;(), driven by «(¢), defined in (B3).

Appendix C shows that the initial post-shock wealth inequality across individuals is

2 2 2 2 V2
0,(0) = [(1 —w) Oo t 2(1 — @) W ok ponoV + @ Un,o] (18)

where @ = Ny/(P(0)Ko + Np) is the ratio of nominal assets to total wealth, o}, 0y, are standard
deviations of the initial endowments, and v is the correlation of endowments across agents. It is
evident from (18) that one channel through which any shock impinges on wealth inequality is via
its impact on the initial price level, P(0), and how this interacts with the pattern of initial endow-
ments and their distribution, see equation (C5). There we show that if: (i) the economy-wide
endowment of capital exceeds that of financial assets (o < 1/2), and (ii) nominal assets are less
unequally endowed across agents than is capital (0,0 < 0k ), an increase in the initial price level
will increase initial wealth inequality. This is because an increase in P(0) will increase the relative
quantity of capital in agents’ portfolios, and since wealthier agents hold relatively more capital,
wealth inequality will increase; the opposite applies to a decrease in P(0). We view the condi-
tions (i) and (ii) as entirely plausible and shall refer to this channel as “the initial price response”
channel.
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This impact on initial wealth inequality persists throughout the subsequent evolution of wealth
inequality, as implied by (17). But during the transition, the other channel, «(t), defined by (B3),
comes into effect. From (B3) we see that « () declines as leisure increases over time. This is because
the positive relationship between leisure and capital described by the aggregate dynamics, (12b)
and (14), implies that if capital is accumulated over time, labor supply falls, causing the capital-
labor ratio to increase. This in turn implies that during the transition an increasing wage rate is
accompanied by a declining return to capital, which favors the less affluent, leading to a steady
decline in wealth inequality over time. This effect, which reflects the changing productivity of
capital and labor, can be termed the “wage-return to capital” channel.

4.2. Relative income and income inequality

From equation (B8a), we see that relative income is driven in part by relative wealth. To describe
this channel, we need to determine the agent’s position in real money balances, M, and income-
yielding assets, V = K + B, relative to his overall wealth. These are given by equations (B5) and
(B6), respectively. In the case of the latter, with capital and bonds yielding the same rate of
return, and in the absence of risk, investors view these two assets as perfect substitutes, enabling
us to characterize only their composite distribution (v; = V;/V). Comparing (B5) and (B6), we
see that the relative asset holdings of an agent who has above average wealth, a;(f) > 1 are:
vi(t) — 1> a;(t) — 1 > M;/M — 1, meaning that his portfolio comprises disproportionately more
of the income-earning assets, and less money than his overall relative wealth position represents.
For a relatively poor agent, a;(t) < 1, the opposite applies.

Of the several potential measures of income inequality, we shall focus on before-tax personal
income, defined as income from the income-earning assets, (capital and bonds) plus income from
labor. Thus, the relative before-tax personal income of agent i is y;(¢) = Y;(¢)/ Y (t) = [r(t) Vi(t) +
w(®)Li(O[r() V(£) + w(t)L(#)] 7!, which is related to the agent’s relative wealth by (B8a) and
(B8b). This can then be transformed to the following relationship between income inequality and
wealth inequality:

oy(t) = @(t) oa(t) (19a)

where

Y(1) +r(t) B(t) I/ a(t)

The term ¢(t) measures the income generated by the individual’s portfolio of assets, as reflected
in his relative wealth. Because of the homogeneity of the underlying utility function, it is driven
by economy-wide averages and is therefore common to all individuals. It comprises two compo-
nents: (i) the share of personal income from the income-earning assets, bonds plus capital, and
(ii) relative labor income, reflected in the second term, which reflects the fact that more (less)
wealthy agents supply less (more) labor. In our benchmark calibration, the second term, which is
negative, is dominated by the first term, implying 0 < ¢(¢) < 1. In steady state, (19) converges to:

1 1
o) = o {r(t) A = (rtoy M)+ wn 1) (1- 3 —} (19b)

o, =¢ 0, = [FFA* — (F"M* + w*T*) (1 —v/F)][Y* + r"‘B*]f1 oy (20)

We conclude with two observations. First, it is apparent from (20) that the two channels
through which the aggregate variables impinge on wealth inequality, o,(t), also indirectly impact
income inequality. But by influencing ¢(¢), they will exert an additional direct impact on income
inequality. In the short run, the discrete change in the price level, P(0), will impact the real income
generated by government bonds, which in addition to any initial jumps in I(0) and its impact on
r(0) and w(0) will impact ¢(0). Over time, ¢(t) will continue to reflect the evolving returns to
capital and wage rate embodied in the wage-return to capital channel. Second, the effects of the
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channels we have identified are highly sensitive to the source of the structural change and specif-
ically whether they reflect demand or supply shocks. As we demonstrate below, both analytically
and in our simulations, this is because they lead to opposite responses in P(0), which have opposite
effects on the initial wealth inequality, which then persist over time.

5. Nominal monetary expansion and inequality

In this section, we compare the impacts of monetary expansions under the two modes of mon-
etary policy—setting @ = § and pegging R = R—on inequality. In both cases, the economy starts
out from the same initial steady state, 69 = Ry — p, the only difference being in the form of the
nominal monetary expansion. In the first case, it occurs via an increase in the money growth from
00 to 01; in the latter case, it is accomplished by a reduction in the nominal interest rate from Ry
to R;. In either case, the real capital stock remains unchanged at its initial level, Ko, implying that
I, L, Y, C also remain unchanged at their initial equilibrium levels.1©

There are no transitional dynamics. The required adjustment is that the real stock of money
must jump instantaneously in order for the equilibrium marginal rate of substitution between
money and consumption, (10c), to be maintained. If the nominal money supply and government
debt are constrained to evolve gradually, the required equilibrating adjustment occurs through a
jump in the price level.!”

Recalling (10c), increasing the money growth rate from 6 to #; implies an immediate reduc-
tion in real money balances, attained by an increase in price from its pre-shock level, Py. Let
My, My denote the pre-shock levels of the real and nominal money stocks:

M* M©0) _ My/P©) 8o+ p
—_— = = = — <
My My My/Py  O1+p

1 (21)

which implies

dB(0) _dM(0) Py—P(0)  dP(0) 6op—6;
BO) ~ M(©)  Pp P fo+p

where the proportionate change in bonds follows from the government budget constraint, (A5a).

With () unchanged at its initial steady state, (B3) implies a(t) = «(0) = 1, and (17) implies
o) = 04(t) = 0,4(0), where recalling (18), 0,(0) is endogenously determined due to the initial jump
in the price level reported in (21°). As shown in equation (C5), the effect of the price jump on
04(0) depends critically upon: the relative importance of nominal assets in economy-wide wealth
(@), and the relative variations in the initial endowments of financial versus real assets across
individuals (0,,0/0k0). Under the previously identified weak conditions (& < 1/2, 04,0 < 0k),
(C5) implies do} /dP(0) = do,(0)/dP(0) > 0.

Under these same conditions, a monetary expansion brought about by a reduction in the
nominal interest rate yields

<0 (21)

M* M@© M/P(O) R
i S VAl e (22)
My My My/Po Ry

which implies

dB(0) _ dM(0) Py—P(0) _ dP(0) _ Ry — Ry
B(O) M@ Py Py Ry

>0 (22)

In this case, the reduction in the nominal interest rate reduces the initial price level, in which
case under the conditions (& < 1/2, 0,0 < 0k ) we obtain do}/dP(0) = do,(0)/dP(0) < 0.
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Turning now to income inequality, again there are no transitional dynamics. Given the
response in wealth inequality, the effect on income inequality is

da;‘/ay* =dy* /" +do) /o) (23)
where
do* r*
dP(0) /Py (Y*+ B

[(M*vY*/I*) + w* (1 —v) B*] <0 (23)

implying that an increase (decrease) in the initial price level reduces (raises) the real income gener-
ating effect of wealth, ¢*. The impact on income inequality reflects two effects. First, to the extent
that the price rise increases wealth inequality it also directly increases income inequality. But, in
addition, the discrete price increase reduces the real value of government bonds, and therefore
the interest income they generate. Since these bonds are held more proportionately by wealthier
agents, this reduces the degree of income inequality. The net impact on income inequality thus
depends upon the relative sizes of these two offsetting effects. Comparing (23) and (C5), we see
that the two effects are essentially determined independently. Accordingly, income inequality may
quite plausibly rise or fall with increasing wealth inequality.

The notable feature is that the two forms of monetary expansion have precisely the opposite
impacts on wealth and income inequality and can be summarized in the following proposition,
specified for the more plausible case where do}'/dP(0) = do,(0)/dP(0) > 0.

Proposition 1:

(i) A nominal monetary expansion specified by an increase in the monetary growth rate
increases the price level, reducing the value of the nominal assets and causing wealth inequal-
ity to increase. This is offset by a decline in the income generating effect of wealth, ¢*, with
the net impact on income inequality depending upon which effect dominates.

(ii) If the monetary expansion takes the form of a reduction in the nominal interest rate, pre-
cisely the opposite occurs. The price level falls, wealth inequality declines, and ¢* increases,
with the net impact on income inequality depending upon which effect dominates.

Any apparent contradiction between these two forms of nominal monetary expansion is readily
resolved by observing that with perfectly flexible prices the initial jump in the price level following
an increase in the nominal monetary growth rate dominates the (gradually) growing nominal
money supply. The real stock of money immediately declines, so paradoxically, this turns out to
be a contractionary policy in real terms. In contrast, reducing the nominal interest rate directly
stimulates the real demand for money and is expansionary.

An interesting aspect of Proposition 1 is that although neither form of monetary expansion
affects the economy’s real productive capacity—both leaving K, L, Y, C unchanged at their initial
levels—the difference is that (i) increases the inflation rate, while (ii) reduces it. In view of the fact
that much of the empirical literature view the monetary policy-inequality relationship in terms of
inflation, it is useful to re-express the proposition in these terms.'®

Proposition 2: Monetary policy that increases the rate of inflation will increase wealth inequality.
Its effect on income inequality depends upon whether the increase in wealth inequality dominates its
effect on the income generating effect of wealth, ¢*.

Table 1 provides some numerical examples illustrating the ranges of likely responses of wealth
and income inequality due to the price change associated with the monetary expansion. The
parameters are based on the calibration discussed in Section 6, below. In the absence of any solid
information on the relative magnitudes of the distribution of initial endowments, 0,,0/0ko = A,
and their correlation, v, we let these two parameters vary over the range indicated in the table.
In all cases, increasing the monetary growth rate by 1 percentage point (p.p.) increases wealth
inequality, while decreasing the nominal interest rate by 1 p.p. reduces wealth inequality. As is
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Table 1. Changes in inequality in response to changes in monetary policy

A: Increase in nominal money growth rate from 2% to 3%

o0 _ 4 0 o8 00 _ o5
Ok,0 Ok,0 Ok,0
Aog Aoy Aog Aoy Aog Aoy

v=0.5 0.933% —3.788% 1.817% —2.946% 3.216% —1.613%
v=0 2.567% —2.230% 3.494% —1.347% 4.646% —0.249%
v=-0.5 6.173% 1.207% 6.756% 1.763% 6.866% 1.867%
B: Decrease in nominal interest rate from 6% to 5%

g 0 o8 20 05

Ok,0 Ok,0 Ok,0

Aog Aoy Aog Aoy Aog Aoy
v=0.5 —0.739% 5.570% —1.625% 4.628% —3.034% 3.130%
v=0 —2.065% 4.160% —3.069% 3.092% —4.345% 1.735%
v=-0.5 —5.133% 0.897% —6.011% —0.037% —6.453% —0.507%
NB Table 1A also obtains for (i) increase in nominal interest rate from 6% to 7%j; (ii) increase in inflation target from 2% to 3%.

Table 1B also obtains for (i) decrease in nominal money growth rate from 2% to 1%; (ii) decrease in inflation target from 2%
to 1%. oy, ono denote initial distributions of capital and nominal assets across agents. v denotes correlation between initial
distributions of capital and nominal assets across agents.

readily seen, the comparative impacts on wealth and income inequality are sensitive to both A and
v. The examples suggest that if v > 0, the income generating effect dominates so that wealth and
income inequality are impacted in opposite ways, But if nominal and real assets are negatively
correlated, the wealth effect dominates and wealth and income inequality respond in the same
direction. In light of (B5) and (B6), which imply that poor agents hold relatively more money
than do affluent agents, the negatively correlated case v < 0 seems plausible.'’

6. Calibration

While monetary policy in isolation does not generate transitional dynamics, it does influence
the transitional path generated by real structural changes, such as an increase in technology. To
compare the dynamic responses of the economy to such changes under the alternative monetary
policies, we employ numerical simulations.

The parameter values we adopt for this purpose are reported in Table 2 and are chosen to
be consistent with US parameters over the last decade, insofar as is feasible for a small stylized
model such as this. In choosing these values, we should also note the following. In the case of the
aggregate economy-wide average variables, we assume that the monetary policies are consistent
with a common steady state. However, this does not yield the same rate of convergence among
the different monetary policies, although the differences are small. This is important since the
nature of the transition, and in particular the speed of convergence, is a critical determinant of
the responses in the various inequality measures to the alternative shocks. A characteristic of the
RCTD approach to distribution being adopted is that all measures of inequality are relative to
those of initial wealth, which is arbitrarily given and normalized to unity. In the initial equilibrium,
the steady-state values of the standard deviations of wealth, income-earning assets, and income
are identical among the three monetary policies.

The production function is Cobb-Douglas, with the capital elasticity being set at its conven-
tional value, s = 0.36, TFP is E = 1.2, while the annual rate of depreciation is assumed to be 7%.
This yields an equilibrium capital-output ratio of 3.
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Table 2. Basic parameters (benchmark)

Production function Y=E.-K°L=*

Production parameters s=0.36,E=1.2,5§ =0.07

Taste parameters B =1.8,71=0.056,p=0.04,y =—1.5
Tax rates =02

Government spending-GDP ratio G=0.115(G/Y* = 15.13%)

Monetary policy 0 = 2%, R = 6% or 7 = 2%

Initial conditions Ko =K*, 040 =1

Regarding the parameters pertaining to utility, the rate of time preference, p =0.04, is
standard, while the IES corresponding to y = —1.5(0.4) is well within the estimated range as
reported by Guvenen (2006) and Havranek et al. (2015). The elasticity of leisure in utility is the
critical factor determining the agent’s allocation of time, and setting f = 1.8 yields the steady-
state allocation of time to leisure of I* = 0.6919 which is comparable to the evidence provided by
Cooley (1995) and other related studies.

Information on 7 is less direct. In the case of real money balances, our choice of n =0.056 is
justified as follows. First, it depends upon how broadly one views money with respect to the utility
benefits it provides. For this purpose we adopt the broad measure, M3. The implied value of the
real money balances becomes M* = 0.4531, so that the real money balance to consumption ratio
is M*/C* =0.9333. The average value of the real M3-consumption ratio for the period 2002-
2020 in the USA is 0.88, suggesting that the parameter choices pertaining to money are generally
consistent with the data.

With regard to monetary policy, many advanced economies set a target rate of inflation equal
to 2%. Accordingly, we set the growth rate of nominal money supply at & =2%, nominal interest
rate at R =6% so that the steady-state inflation rate becomes 2% for both monetary policies.>
With the inflation rate in the USA from 2000 to 2020 averaging around 1.70%, this value is also
compatible with US experience.

For fiscal policies, the average value of the US government consumption-GDP ratio from 2000
to 2019 is 15.04%.%! Thus, setting G = 0.115, the share of government consumption in output is
G/Y* =15.13%.%? For simplicity, the tax rates on labor and capital income are set at 20%, which
are close to the average rates for the USA over the period 2000-2020. Setting B* = 0.6040 together
with x = 0.003 implies the ratio of bonds-money of B* /M* = 1.3330, which is both close to the
average US government bonds-money ratio over the period 2009 and 2019 of 1.349 and is also
consistent with the long-run solvency of the government.

While our calibration is motivated by consistency with an initial steady state, it is also impor-
tant that it be compatible with the transitional dynamics and specifically the speed of convergence.
Empirical studies over the years have suggested some range in these estimated rates of conver-
gence. Early estimates by Barro and Sala-i-Martin (1992) and Mankiw et al. (1992) yielded annual
rates of convergence of around 2%. But subsequent studies have suggested that these estimates are
downwardly biased, and more recent studies by Evans (1997), Islam (1995), and others argue that
estimates in the range of 5% are more accurate. The parameter values chosen above yield asymp-
totic convergence rates of 5.48% and 5.60% for the 6 =2% and R = 6% policies. respectively,
which are close to the estimate of 5.8% suggested by Evans (1997).

Table 3 also shows the coefficients of variation of the various measures discussed in Section 4.
Comparing the measures, we see that they satisfy 6, > o}, consistent with the qualitative ranking

summarized in empirical estimates of the respective Gini coefficients.?*
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Table 3. Steady-state values (benchmark)

i Ui c* 7 M* B* M*/C* B*/M* G/Y*
2.2801 0.6919 0.4854 0.7600 0.4531 0.6040 0.9333 1.3330 15.13%
[ o g o5

5.48% (0 =2%)  5.60% (R=6%)  5.56% (r = 2%) 1.1431 1 0.3584

7. Impact of monetary policy on the dynamics of inequality

In Section 5, we showed that monetary policy in isolation has no impact on real aggregate vari-
ables, and since the adjustment of the capital stock is the underlying driving force there is no
impact on the evolution of the economy. The only response is the initial jump in the price level,
which, by instantaneously changing the real stocks of money and bonds, immediately influences
wealth and income inequality.?*

On the other hand, the specification of monetary control - whether setting the money growth
rate or pegging the nominal interest rate—will potentially impact the transitional adjustment fol-
lowed by the economy in response to a real structural change. In the case of real variables, since
they are driven solely by differences in the rates of convergence, which have been shown to be
only minimally sensitive to monetary policy, the impact is in fact negligible. By contrast, financial
variables are also impacted by the initial jump in the price level necessary to sustain intertemporal
solvency (as required by (12c) and (9¢)), and with more substantial variation across policies, they
contribute more significantly to distributional differences.

7.1. Increase in government expenditure (demand increase)

We assume that the economy is initially in steady state and at time 0 government expenditure
increases from its benchmark level G = 0.115(G/Y* = 15.13%) to 0.135(G/Y* = 17.34%).>> The
resulting changes in key variables are reported in Table 4, with the relevant transitional paths
illustrated in Fig. 1.

The responses of the aggregate real variables are reported in the first panel and are simi-
lar to those obtained by Garcia-Pefialosa and Turnovsky (2011) under lump-sum tax financing
and require little further comment. The long-run government expenditure-output multiplier is
0.93, which is consistent with recent empirical estimates that consistently obtain expenditure
multipliers below unity,see, for example, Ramey and Zubairy (2018). The transitional paths fol-
lowed by L(t) and K(t) are virtually identical for the alternative forms of monetary policy, with
the differential rate of convergence (5.48% vs 5.60%) having a negligible impact, see Table 3,
Fig. 1a, b.

By contrast, the initial jumps in the price level necessary for the real money stock to attain the
stable path (12c), (9¢) are 3.0% and 2.1%, respectively (Table 4B, Fig. 1c). These are significant
differences and are accounted for by the fact that on impact, the price level must satisfy P(0) =
MyR(0)/nC(0), so that dP(0) = dR(0) — dC(0), (where " denotes proportional changes) and where
dC(0) = —2.1% is driven by the government expenditure increase and is independent of monetary
policy. The difference is due to the modest increase in the nominal interest rate (from 6.00 to
6.055%) associated with the money growth policy (Table 4C, Fig. le).2°

In both cases, the instantaneous increase in the price level, P(0), leads to an immediate increase
in wealth inequality, 0,4(0), reflecting the assumption of endowments in (C5). The larger price
increase associated with the fixed monetary growth policy, due to the increase in the nominal
interest rate, leads to a larger initial increase in wealth inequality (0.43% versus 0.30%, Table 4D).
Over time, as capital is accumulated the wage rate increases, while the rate of return to capital
declines. This favors the less affluent who are more dependent on income from labor, causing
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Table 4. Increase in government consumption from 0.115 to 0.135
A. Real variables
L Y C
Initial equilibrium 2.2801 0.3081 0.7600 0.4854
After increase K(0) K* L(0) I Y(0) y* c(0) G
6=2%
R=6% 0.0030 2.3359 0.3163 0.3157 0.7728 0.7786 0.4752 0.4801
(2.447%)  (2.661%) (2.447%) (1.684%) (2.447%) (—2.110%) (—1.091%)
T=2%
B. Financial variables
B
Initial equilibrium 0.4531 0.6040
After increase M(0) M* B(0) B*
0=2% 0.4395 0.4481 0.5859 0.6078
(—3.001%) (—1.104%) (—3.001%) (0.629%)
R=6% 0.4435 0.4481 0.5913 0.6170
(—2.100%) (—1.104%) (—2.100%) (2.159%)
7T=2% 0.4317 0.4481 0.5755 0.5887
(—4.719%) (—1.104%) (—4.719%) (—2.521%)
C. Rates of return
r R g
Initial equilibrium 1.5784 12% 6% 2%
Afterincrease w(0) w* r(0) r* R(0) R* 7 (0) T*
0 =2% 6.055% 6.00% 1.894% 2.00%
(0.055% pts) (—0.106% pts)
R=6% 1.5637 1.5784 12.20% 12.00% 6.00% 6.00% 1.839% 2.00%
(—0.933%) (0%) (0.20% pts) (0%) (—0.161%pts)
T=2% 6.164% 6.00% 2.00% 2.00%
(0.164% pts)
D. Inequality measures
[ 9y
Initial equilibrium 0.3584 0.3584
After increase 04(0) oy ©(0) 0* ay(0) a)j‘
0=2% 1.0043 1.0006 0.3730 0.3727 0.3746 0.3729
(0.432%)  (0.056%)  (4.074%)  (3.990%)  (4.538%)  (4.068%)
R=6% 1.0030 0.9992 0.3741 0.3735 0.3752 0.3732
(0.300%) (—0.083%) (4.381%)  (4.213%) (4.695%)  (4.150%)
7T=2% 1.0069 1.0031 0.3710 0.3710 0.3736 0.3722
(0.692%)  (0.308%)  (3.527%)  (3.527%)  (4.255%)  (3.858%)

wealth inequality to fall over time. For § = 2%, the increase in wealth inequality is reduced to
0.056%, while for R =6% policy, wealth inequality ends up 0.083% below its pre-shock level
(Table 4D). In effect, the initial increase in wealth inequality due to the initial price response
channel is gradually offset over time by the decline due to the wage-return to capital channel.
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Figure 1. Increase in government expenditure.

With bonds being denominated in nominal terms, in the short run real bonds drop in the same
proportion as do real money balances, namely 3.0% and 2.1%, respectively (Fig. 1d). But with
the growth of money supply constrained by policy (2% nominal growth rate in the first case and
tracking consumption in the second case) the increase in government expenditure is primarily
financed by borrowing, which grows rapidly during the transition (3.63% versus 4.26%, Table 4B).
The difference is because pegging the nominal interest rate at R=0.06 is more constraining on

monetary growth and this has consequences for the differences in income inequality.
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The immediate impact of the increase in government expenditure is to increase employment
by 2.66%, leading to an immediate reduction in the wage rate of 0.93% coupled with an increase
in the return to capital of 0.20 p.p. (Table 4B). By favoring capital relative to labor, this decline
in the wage-return to capital channel favors the more affluent individuals, increasing the “income
generating” element, ¢. In fact, this effect dominates the weak wealth effect, with the result that for
the fixed monetary growth policy, 6(¢) = 6, their combined impact is to raise income inequality by
4.54%. Over time, as capital is accumulated, the wage rate increases, the return to capital falls, the
initial responses are partially reversed, and the long-run increase in income inequality is reduced
to 4.07%. In the case where the monetary authority pegs the nominal interest rate at R(t) = R, the
impact on income inequality is slightly larger, namely 4.70% in the short run and 4.15% in steady
state, see Table 4D.

It is clear that most of the increase in income inequality is due to the real structural change
resulting from the expansion in government spending. The contribution to inequality due to the
chosen monetary policy is modest, the difference being about 0.16 p.p. (4.54% versus 4.70%) in the
immediate increase and 0.08 p.p. (4.07% versus 4.15%) over time. The other point to note from
Table 4 is that there is a conflict with respect to the two forms of monetary policy and their respec-
tive impacts on wealth and income inequality. While pegging the nominal interest rate reduces
the increase in wealth inequality relative to that of targeting the nominal money growth rate, it
exacerbates the increase in income inequality. This is true both in the short run and in steady
state. But again the differences are small.

7.2. Increase in productivity (supply increase)

Table 5 sets out the analogous effects in the case where TFP increases by 2% from E = 1.2 to 1.224.
In this case, the effects on the real aggregate variables reported in the first panel of Table 5 are
similar to those reported by Turnovsky and Garcia-Pefialosa (2008). In contrast to those reported
in Table 4, where the increase in government consumption crowds out private consumption, now
the increased output can accommodate an increase in private consumption, as well as an increase
in leisure (decrease in labor). Over time, as capital is accumulated this growth continues to the
new steady state.

With consumption now increasing instantaneously, the price level must now fall by 1.19% and
2.19%, respectively, under the two forms of monetary policy for the real money stocks to reach
their respective stable paths, (12c) and (9¢) (Table 5B, Fig. 2¢). Again, the difference is due to the
modest increase in the nominal interest rate associated with the money growth policy (Fig. 2e).

In both cases, the instantaneous decline in the price level leads to an immediate drop in wealth
inequality, with the larger price decline associated with the pegged interest rate policy leading to
a larger decline in wealth inequality. Over time, as capital is accumulated, the wage rate gradu-
ally rises, and the return to capital gradually falls. The same mechanism as before causes wealth
inequality to fall gradually over time, adding to the initial decline, with the long run leading to
long-run declines in wealth inequality of around 0.51% and 0.65%, respectively (Table 5D).

Analogously to the response to the increase in government spending, the short-run drop in
the price level causes bonds to increase immediately in real terms in the same proportion as do
real money balances, 1.19% and 2.19%, respectively. Over time, the constraints on the growth
of money supply mean that the deficit is financed primarily by bonds which increase by further
3.05% and 3.79%, respectively, during the transition, with long-run increases of 4.24% and 5.98%
(Table 5B).

In contrast to the demand shock, the immediate effect of the increase in consumption due
to the productivity increase is to increase leisure (an Edgeworth complement), thereby reduc-
ing employment by 0.23%, leading to an increase in the wage rate of 2.1%, together with a 0.22
p.p. increase in the return to capital. With both labor and capital experiencing increased rates of
return, the impact on the income generating term, ¢, is weaker and the short-run decline in wealth
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Table 5. Increase in productivity from 1.20 to 1.224

A. Real variables

K L 1% c
Initial equilibrium 2.2801 0.3081 0.7600 0.4854
After increase K(0) K* L(0) L Y(0) y* (o) G
6 =2%
R=6% 0.0059 2.3417 0.3074 0.3068 0.7740 0.7806 0.4961 0.5016
(2.701%) (—0.227%) (—0.422%) (1.844%)  (2.701%) (2.204%)  (3.338%)
7T =2%

B. Financial variables

M B
Initial equilibrium 0.4531 0.6040
After increase M(0) M* B(0) B*
0=2% 0.4585 0.4682 0.6111 0.6296
(1.188%)  (3.333%)  (1.188%)  (4.243%)
R=6% 0.4630 0.4682 0.6172 0.6401
(2.185%)  (3.333%)  (2.185%)  (5.978%)
7T=2% 0.4495 0.4682 0.5992 0.6078

(—0.795%) (3.333%) (—0.795%) (0.631%)

C. Rates of return

w r R b4
Initial equilibrium 1.5784 12% 6% 2%
After increase w(0) w* r(0) re R(0) R* 7(0) *
0 =2% 6.059% 6.00% 1.884% 2.0%
(0.059% pts) (—0.116% pts)
R=6% 1.6115 1.6284 12.22% 12.00% 6.00% 6.00% 1.824% 2.0%
(2.097%)  (3.166%) (0.22% pts) (0%) (—0.176% pts)
7T=2% 6.176% 6.00% 2.00% 2.00%

(0.176% pts)

D. Inequality measures

oq [0) oy
Initial equilibrium 1 0.3584 0.3584
After increase a4(0) oy ©(0) o* ay(0) oy
0=2% 0.9984 0.9949 0.3574 0.3564 0.3568 0.3546
(—0.165%) (—0.506%) (—0.279%) (—0.558%) (—0.446%) (—1.060%)
R=6% 0.9970 0.9935 0.3586 0.3574 0.3575 0.3551
(—0.301%) (—0.651%) (0.056%) (—0.279%) (—0.252%) (—0.923%)
7T=2% 1.0011 0.9976 0.3551 0.3545 0.3555 0.3536

(0.111%) (—0.239%) (—0.921%) (—1.088%) (—0.803%) (—1.324%)

inequality has a bigger impact on income inequality. As a result, the immediate impact is to reduce
income inequality by 0.45% for the fixed monetary growth policy, 6(t) = 8, and by 0.25% for the
R(t) = R policy. As capital is accumulated, the wage rate increases, while the return to capital falls
and in the long run income inequality declines by 1.06% and 0.92%, respectively (Table 5D).
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Figure 2. Increase in productivity.

Finally, we may note that the conflict between the policies with respect to wealth and income
inequality observed with respect to the increase in government expenditure applies here as well,
although not as severe. A productivity increase will reduce both wealth and income inequality
both in the short run and over time. But the reduction in wealth inequality will be larger if the
monetary authority pegs the nominal interest rate, while income inequality will be reduced more
if it chooses to maintain the nominal money growth rate.
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8. Targeting the inflation rate

We briefly consider a third policy that has been increasingly adopted by a number of central
banks, namely targeting the inflation rate, 7 () = 7. In this case, the local aggregate dynamics
are analogous to those obtained when pegging the nominal interest rate:

2 (F/K9)E ay —1F(1—1)r} (I /K*) 0% -agpn+I*(1—1)rf [— ¥
_ A% A%
. — ki 4 (243)
K arl ann K —K*
with the time path of the real money supply now being determined by
C(K,I
M(t) = 1C(K. ] _ (24b)
1—o)(r (K1) =8)+7
while the dynamics of government bonds are now
1
B()=B"+ —————— [A; (I - ") + ['x (K — K")]. (24¢)

e —p+ X

subject to the constraints (Alla) and (A11b) and all elements are defined in Appendix A.3.

The impact of the two real shocks on the aggregate and distributional measures is reported in
the third rows of the panels in Tables 4 and 5 and their impact on the transitional paths illustrated
in Figs. 1 and 2. Recalling the fact that the initial price level must satisfy dP(0) = dR(0) — dC(0)
to ensure that the evolution of real money balances must satisfy the consumer transversality con-
dition, the initial price must now accommodate the jump in the real rate of return in order for
the inflation rate to remain at its targeted level. In the case of the increase in government expen-
diture, this now requires a larger increase in the price level of 4.72%, while for the productivity
increase the increase in the return to capital dominates that of consumption and the price level
must increase (by 0.80%), in contrast to the other two policies.

With inflation targeting causing an increase in government expenditure to generate a larger
increase in the initial price level, this leads to a larger initial increase in wealth inequality. In fact,
the impact is sufficient that, allowing for the decline in wealth inequality during the transition,
targeting the inflation rate causes long-run wealth inequality to rise, rather than fall, as it would
if the nominal interest rate were pegged. But it also has a weaker effect on the income generating
term, ¢(0), increasing income inequality less, than do either of the other two forms of monetary
policy. Specifically, compared to pegging the nominal interest rate, it reduces the short-run and
long-run increases in income inequality from 4.70% to 4.26% and 4.15% to 3.86%, respectively.
An analogous pattern applies following an increase in productivity. In this case, inflation targeting
weakens the long-run decline in wealth inequality but strengthens that of income inequality.

Table 6 normalizes the relative effects of the two structural shocks on the wealth and income
inequality measures, and their sensitivity to alternative forms of monetary policy, in terms of
elasticities. This facilitates comparison and suggests the following comparative effects. First, the
impact of government consumption on income inequality is insensitive to the three forms of
monetary policy. For all three policies, a 10% increase in government expenditure will lead to
a short-run increase in income inequality ranging between 2.45% and 2.70%, which declines only
slightly over time to between 2.22% and 2.39%.

By contrast, both wealth and income inequality are much more sensitive to productivity
increases, both over time and with more variation across the accompanying monetary policy. The
differences are most striking between pegging the interest rate and inflation targeting. A compa-
rable 10% increase in productivity, with a pegged interest, will lead to a 2.05 p.p. (3.25%-1.20%)
larger long-run decline in wealth inequality than does inflation targeting. With respect to income

https://doi.org/10.1017/51365100523000299 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100523000299

Macroeconomic Dynamics 23

Table 6. Elasticities of inequality measures with respect to structural changes

Increase in government expenditure Increase in productivity
04(0) oy ay(0) ay* 04(0) oy ay(0) U}f
0.0248 0.0032 0.261 0.234 —0.080 —0.255 —0.223 —0.531
0.0173 0048 0.270 0.239 —0.150 0.325

126 —0.460
0.0398 0.0177 0.245 0.222 —0.055 —0.120 —0.405 —0.662

inequality, these relative effects are reversed but the differences are comparable. Inflation target-
ing reduces long-run income inequality by 2.02 p.p. (6.62%-4.60%) more than if the interest rate

is pegged.

9. Relationship to empirical evidence

Much of the recent empirical evidence describing the effects of conventional monetary policy
on wealth and income inequality is summarized by Colciago et al. (2019), who conclude that it
is somewhat mixed. This may reflect the diverse effects of alternative forms of monetary policy
adopted by disparate countries of varying stages of development, as well as different historical
periods, and is therefore unsurprising.

First, the empirical finding that expansionary monetary policy will reduce wealth inequality
seems to be robust across diverse data sets. For example, it is obtained by Doepke and Schneider
(2006) using US data, by Meh et al. (2010) for Canada, and by Adam and Zhu (2016) and
Hohberger et al. (2019) for the Euro area. While these studies use cross-sectional data across differ-
ent groups, the mechanism is due to increased inflation eroding the value of assets denominated
in nominal terms, favoring poorer borrowers/debtors over more affluent lenders. Our result in
Proposition 1 (ii), asserting that an expansionary monetary policy in the form of a reduced nom-
inal interest rate causes an increase in wealth inequality, is entirely consistent with this evidence,
although the transfer mechanism is slightly different.?” In our setup, there are no private debtors.
The transfer in wealth occurs via a discrete unanticipated reduction in the price level, which favors
the less affluent, who hold relatively more money over the more affluent who hold relatively more
capital®®

The empirical relationship between monetary policy and income inequality is more ambiguous.
Thus, while Romer and Romer (1999) and Easterly and Fischer (2001) using cross country data
and Inui et al. (2017) using Japanese data find that an expansionary monetary policy increases
income inequality, most studies find that a contractionary policy increases income inequality, see,
for example, Coibion et al. (2017) for the USA, Muntaz and Theophilopoulou (2017) for the UK,
Guerello et al. (2018) and Hohberger et al. (2019) for the Euro area, and Furceri et al. (2018) for a
range of advanced and emerging economies. From the numerical simulations reported in Table 1,
we see that our analysis implies that an expansionary monetary policy can be reconciled with
either of these scenarios. Which it is, depends upon the relative size of the wealth effect (o,) and
income-earning effect (¢), and which in turn depends upon the relative structure of the portfolio
balance in the economy. Furthermore, in the case when the wealth effect dominates and the higher
nominal interest rate target is associated with more income inequality, this also implies a positive
association between inflation and income inequality, consistent with Albanesi (2007) and Erosa
and Ventura (2002).

We should also point out that our finding that an (exogenous) increase in government con-
sumption expenditure increases income inequality is contrary to recent empirical evidence, see,
for example, Agnello and Sousa (2014) and Furceri et al. (2022). In response to this potential
criticism, we note the following. First, these studies typically include transfers, which we have
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excluded, but which being disproportionally allocated to the poor, play a substantial inequality-
reducing role. Second, by omitting monetary variables, as such empirical studies typically do,
they are potentially subject to omitted variable bias. Third, in their extensive literature review,
Anderson et al. (2017) stress how the impact of government spending on inequality is highly sen-
sitive to (i) its mode of financing and (ii) its allocation, a finding strongly supported by numerical
simulations.?® Finally, it is not our objective to track the government spending-inequality rela-
tionship per se. Rather, it is to compare the significance of alternative forms of monetary policy in
the face of real structural shocks, and for this purpose government spending serves as a convenient
form of demand shock.

It is also possible to infer from the simulations the sources of the underlying shocks that are
reflected in the observed co-movement between monetary policy and income inequality. For
example, comparing the contractionary policy illustrated in Fig. 1e with the increase in income
inequality depicted in Fig. 1h suggests that an observed relationship such as this is generated by
an underlying demand shock like an increase in government consumption. Similarly, comparing
Fig. 2e with the decline in income inequality in Fig. 2h suggests that an observed relationship such
as this is compatible with the underlying shock reflecting a productivity increase.

10. Conclusion

This paper has adopted a heterogeneous agent modification of the Sidrauski (1967) model to
reconsider the so-called monetary instrument problem initially articulated by Poole (1970), albeit
from a longer-run perspective. With flexible prices, the long-run super-neutrality of money with
respect to real aggregate measures such as output and capital, previously obtained when setting
the nominal money growth rate, also extends to pegging the nominal interest rate. In contrast, the
choice of monetary instrument does have consequences for wealth and income inequality, which,
furthermore, involve potential conflicts between these two measures. Our main results include the
following.

With perfectly flexible prices, a monetary expansion alone has no dynamic consequences. All
that occurs is that the price level jumps instantaneously to ensure that real money balances remain
consistent with intertemporal solvency. But the form of the monetary expansion matters. If it
involves increasing the money growth rate, the instantaneous increase in the price level causes an
immediate sustained increase in wealth inequality. If it is a reduction in the nominal interest rate
the price level drops and wealth inequality declines. In either case, the price effect also impacts
the real income generated by the economy’s productive factors, with the overall effect on income
inequality depending upon which effect dominates.

If the economy undergoes some real shock, the accompanying monetary policy will have some
impact on the ensuing transitional path. In the case of real variables, this operates entirely through
its impact on the speed of convergence and is negligible. With regard to financial variables, the
impact also depends upon the initial jumps in the price level. These effects are more substantial
across monetary policies, with more significant distributional consequences.

In general, there is a conflict between targeting the money growth rate and pegging the nominal
interest, with respect to their relative distributional implications. Maintaining a constant money
growth rate will cause a larger increase in wealth inequality but a smaller increase in income
inequality following an increase in government expenditure than if the interest rate is pegged.
Analogously, pegging the interest rate will lead to a larger decline in wealth inequality but a smaller
decline in income inequality, in response to an increase in productivity than if the money growth
rate is being maintained. However, the differences are not great and the main impact on both
wealth and income inequality is driven by the underlying real shock rather than the accompanying
monetary policy.
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Finally, we have briefly compared these two policies to the increasingly adopted policy of infla-
tion targeting. This is shown to be the least favorable from the viewpoint of minimizing wealth
inequality but the most favorable in terms of reducing income inequality.

This model has been introduced as a benchmark, and to conclude we suggest two directions
in which it may be usefully extended. First, the long-run distributional consequences of alterna-
tive passive monetary policies—a time horizon over which prices are likely to be flexible—are
undoubtedly a relevant concern. Indeed, maintaining a fixed monetary growth rate is at the heart
of the position long advocated by Milton Friedman. But it remains unclear what guidance it offers
if the objective is one of short-run stabilization. Clearly, it would be of interest to reconsider
the distributional consequences of monetary policy from a shorter-run stabilization perspective,
when prices are less flexible, and when more activist policies such as a Taylor rule are being
implemented.

Second, the underlying property of super-neutrality of money associated with the Sidrauski
model is a polar characteristic. Early work by Feldstein (1976), Feldstein, Green, and Sheshinski
(1978), and others has emphasized how the interaction between the tax structure and inflation is
critical in determining the long-run qualitative impact of monetary policy on capital accumula-
tion. The ambiguity of these effects on the aggregate economy suggests that the consequences of
this interaction for wealth and income inequality are unclear and merit further detailed study.

Notes

1 As the authors acknowledge, their work generalizes the earlier related work of Stiglitz (1969) and Chatterjee (1994).

2 We should point out that this “super-neutrality” of money property breaks down in the presence of distortionary taxes
impacting the decisions of firms, see Fischer (1979) and Turnovsky (1987).

3 See also Matusche and Wacks (2023) for a more recent paper showing that more wealth inequality is associated with a
stronger impact of monetary policy.

4 Inarelated paper, Hiaguchi (2010) uses the money-in-utility function to show that the optimal monetary rule proposed by
Friedman (1969) of setting the nominal interest rate to zero is no longer optimal if agents are heterogeneous with respect to
their initial wealth endowments.

5 In another related paper, Jin (2009) uses a stylized monetary endogenous growth model in which the economy is always
on its balanced growth path to study the relationships between inflation, growth, and inequality. As in Gokan and Turnovsky
(2021), it specifies monetary policy in terms of fixing the growth rate of the nominal money supply.

6 See Havranek et al. (2015) for extensive empirical evidence pertaining to the intertemporal elasticity of substitution.

7 Since our focus is on alternative forms of monetary policy, we simplify the specification of fiscal policy, which is included
primarily to facilitate the calibration. The tax-deductibility of depreciation conforms to current US tax policy.

8 The constant ¢; is defined in (B2) of the Appendix. There it is seen to depend upon agent i’s steady-state relative wealth,
af =k + bf + m]. To the extent that monetary policy impacts the agent’s relative holdings of assets and therefore his relative
wealth, it impacts ¢; and thus the redistribution of aggregate consumption C;/C, as emphasized recently by Auclert (2019).

9 Note also that C(K, L) = C(K, 1 — I), which we shall also write as C(K, I).

10 The macroeconomic equilibrium equation (8) is obtained as follows. Equation (8a) is derived by substituting (6b) into
(5¢) together with the time derivative of aggregate consumption C, defined above. Equation (8b) is just the goods market
equilibrium obtained by aggregating the individual accumulation equations (4) and combining with the government budget
constraint (7). Equation (8¢) is derived by utilizing (6a) in (5b) and the accumulation equation for real money balances
M/M =0 — . With [, K, M, L, determined by the system (8) or (9), the inflation rate is obtained from = = nC(K, L)/M —
(1 — 7)[Fk(K, L) — 8]. Finally the government budget constraint, (7), with appropriate terminal conditions determines the
equilibrium stock of bonds, B, and transfers/taxes, T; see Appendix for more detail. We should stress that the transfers/taxes
are introduced in order to ensure intertemporal solvency of the government given its consumption expenditure and tax
collection. They are not intended to reflect real-world income transfers.

11 “Super-neutrality of money” refers to the real economic variables being independent of the growth rate of money and is a
generalization of the weaker notion of “neutrality” that applies to the level of the nominal money supply.

12 This is analogous to the procedure followed by the monetary instrument problem, as originally addressed by Poole (1970)
which compares the variances of key variables, typically output, about the same stationary equilibrium.

13 The following intuition applies. As is familiar from the basic Ramsey model, consumption and capital (output) increase
together over time. Since both leisure and money holdings are Edgeworth complements to consumption in utility, their
demand increases with consumption and therefore with capital.

14 Combining aggregate consumption, (9a), with the assumption C > (1 — )w(1 — ) immediately yields I* > 8/(1 + B).
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15 Empirical evidence supporting this negative relationship between wealth and labor supply (given the wage rate) is pro-
vided by several sources, cited in our earlier work. If labor is heterogeneous, then labor supply involves a tradeoff between the
agent’s relative wealth and his differential wage rate and this will impact wealth and income inequality, see Garcia-Pefalosa
and Turnovsky (2015).

16 This follows directly from the steady-state conditions (10a), (10b), together with the equilibrium adjustment paths for
capital and leisure (labor) described by (12a) and (12b).

17 It is also possible for the adjustment to take place through an appropriate discrete change in the nominal money supply
via an open market operation, with no jump in the price level necessary. However, this scenario is less compatible with the
empirical literature that emphasizes jumps in the price level as being a key element determining the effects of monetary policy
on wealth inequality, see, for example, Meh et al. (2010).

18 See, for example, Albanesi (2007).

19 The information provided in Table 1 of Meh et al. (2010) also provides some informal support for assuming v < 0.

20 In practice, by allowing for long-term growth, excluded from our model, the nominal money growth rate target is likely
to be around 5%.

21 Approximately 5% of total government expenditure comprises public investment, which we exclude, but can interpret as
contributing to TFP. We should note, however, that in assessing the effect of TFP on inequality in Section 7.2, by abstracting
from any impact on government expenditure we are implicitly focusing on its private components.

22 The data on the government consumption-GDP ratio are extracted from the United Nations, and all other data are
extracted from FRED (https:/fred.stlouisfed.org/).

23 From Table 2, we see that the equilibrium o /o," & 0.36. This is substantially below the typical ratio of the income Gini to
wealth Gini, which is of the order of 0.5 or above. The estimated ratio can be easily increased by introducing heterogeneous
wage rates across agents that reflect their skill differentials. With wages being determined independently of monetary policy
the simplification we have adopted is inconsequential for our objective.

24 We may also note that if the monetary authority switches from targeting the money growth rate at § to pegging the
nominal interest rate at R there is no effect as alongas R=p + 6.

25 The specified change in the G/Y ratio of 2.21 p.p. is close to the 5 year average change in this ratio of 2.35 p.p. over the
period 1990-2015.

26 In both cases, the instantaneous increase in the price level is associated with a small simultaneous drop in the inflation
rate (0.11 p.p. versus 0.16 p.p.) (Fig. 1f). During the transition, the price increase dominates so that the net effect is that the
price level is always higher following the increase in government expenditure as inflation converges back to 2%.

27 Another difference to be kept in mind is that the empirical studies typically focus on unanticipated stochastic monetary
shocks, whereas our analysis is framed in terms of long-run permanent changes in monetary policy.

28 In the case of Part (i) of the proposition, a monetary expansion in real terms is associated with a decline in the nominal
monetary growth rate, in which case wealth inequality would also rise.

29 For example, Garcia-Penalosa and Turnovsky (2011) highlight the sharply contrasting impact of government consump-
tion expenditure on income inequality, depending upon whether it is financed by a tax on capital income or on labor income.
Lim and McNelis (2013) contrast the impact of pro-cyclical and counter-cyclical government spending on income inequality.
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Appendix
A. Local Stability Conditions and Sable Adjustment Paths

A.1. Constant Monetary Growth: 0 =0
The fundamental dynamics of the aggregate economy are described by the linearized system,
(11), where the previously undefined elements of the matrix are

a21=—Ff—Cl*<0; a22=FI*<—5—CI*<.

a31=—nCf —M* (1 —1)r] <0; axp=-nCx+M"1—1)rg <0,

and C}, = ;_i% >0,Cf = (;—i% + 1) % > 0, and hence ayp = 12 — ;—ilg—:
Under plausible parameterization, certainly met by our benchmark calibration, (11) has a

unique stable eigenvalue ;g < 0, so that the stable adjustment paths for the key aggregate variables
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can be expressed as

K(t) = K* + (Ko — K*)eto! (Ala)
=1+ 222 (

K(t) — K*) (A1b)
azl

—(uo — axz)as — azias
a1 (0 + p — o)

M) = M* + (K(t) = K*). (Alc)

Under weak conditions, again satisfied by our calibrations, we can show pg — az; < 0, imply-
ing that the coefficients of (Alb) and (Alc) are both positive. Thus, if the economy undergoes
an expansion (contraction) in capital, then following initial jumps, leisure and real money bal-
ances will both gradually increase (decrease) monotonically, with all variables converging to their
respective steady states at the common rate |ug| > 0.

A critical factor determining the evolution of the financial variables is the initial responses
of the real stocks of money and bonds, M(0), B(0), the nominal stocks of which, M’(0), B'(0),
are constrained to gradual adjustments, so that instantaneously they remain at their respective
pre-shock levels, M, B,. Writing (Alc) for simplicity as M(t) = M* 4 ¢(K(t) — K*), with K
predetermined, the initial jump in the real stock of money consistent with stable adjustment of
the economy is dM(0) = dM* — ¢dK*. With M(0) = M’(0)/P(0) = M;/P(0), the required initial
jump in the price level is dP(0)/P(0) ~ —dM(0)/M(0). With By also being predetermined, the
immediate post-shock quantity of real bonds, B(0) = (B,/M;,)M(0).

To determine the evolution of bonds, we recall the government constraint (7). Using the factor
pricing equilibrium conditions, (2), the constant rate of monetary growth policy, 6 = 0, and the
adjustment of lump-sum taxes/transfers,T = x (K + M + B), we may rewrite the constraint as

B=G+[1—-1)r—8)]B—0M—1(r(K,L) —8)K — tw(K,L)L — x(B+ K+ M).  (A2)
Linearizing (A2) around the steady state (I*, K*, M*, B*) yields:
B(t) = (p — x)(B(t) = B¥) + Ao (1(H) = I)
+ Tg(K(t) — K*) = (6 + x)(M(t) — M*), (A3)
where:
Ag=—(1—1)rfB* 4+ T[r;K* + wjL* + w*]
Tg = (1 —1)rgB* —[(r* — &) + rgK* + wiL*] —x

Since K, I, and M converge to their respective steady-state values at the common rate |ug],
provided p > x, and imposing the transversality condition, (5f), the solution to eq. (A3) is

A r 0

By~ B = — 20 (1)~ )+ —— (K(t) — K*) — — X (Mt - M),

Ho—p + X He—p +X Ho—p + X

(A4)
This describes the dynamics of B(¢) in terms of the dynamics of I(¢), K(t), M(t), but conditional
on x and B*, both of which are yet to be determined. These are jointly determined by requir-

ing that (A4) satisfies the initial condition, B(0) = (B;/M;)M(0), together with the steady-state
government budget constraint, (7), namely:
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36> Ag Iy
2 ) M) - B* = ——— (I(0) — *) + ————— (Ko — K*
(Mo Me—/)-i-X( ) M9—0+X(0 )
0+ x
-2 (M(0)— M* (A5a)
Me—p+x( )
[p— x]B* + G —OM* — t[F(K*, L*) — 8K*] + x (K* + M*) =0 (A5b)

Thus, (A4) describes a linear approximation to the convergent transitional path for B(t), where
x and B* are jointly determined by (A5a) and (A5b).

A.2. Pegging the Nominal Interest Rate: R =R
If the monetary policy maintains a constant nominal interest rate, real money balances are

M= @ and the government budget (7) becomes

B=G+(1—1)(r—8B— %C(K, )+ %C(K, D[(1 = 7)r(K, L) — R]

—ellr = $)K —wL] = x | K+ B+ 2C(, D (A6)
——
M
Linearizing the right-hand side of (A6) around the steady state (I*, K*, B*), as for the case of
0 = 0, the equilibrium time path for B(t) becomes
1
B(t)=B* + ———— | Ar(I = I") + Tr(K — K*)) |, (A7)
MR — P+ X [ ( ) ]

where
Ar=—(1—-1)} (B* + %C*) + %Cf (—1r+ (0 = R) = x) + t[F1K* + wiL* + w*]
MrR=(1-1)rg (B* + %C*) + %C}'} (—ur+(p—R)—x)

—7 [(r* = 8) + rgK* + wiL*] — x,

and B*, x are now determined by

36) % AR % 1—‘R %

2 IMO)-B*=—— (I(0) = ") + ———— (Ko — K A8
<M6 © MR—P+X(() ) MR—P+X(0 ) (A82)
[p+ x1B* + G — (R — p)M* — t[F(K*,L*) — 8K*] + x(K* + M*) =0 (A8b)

A.3. Targeting the Inflation Rate: 1 =7
If the monetary policy targets the inflation rate # =7, real money balances can now be
expressed as M = M(K, I) = nC(K, I)/((1 — t)r(K, L) + ) and the government budget (7) as:
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B=G+r(K,L)B— (MKK+M12) S Tr— (KnL)_(H__C(K, Ed
) r(K, T

M M

N
A—t)r(K, L) —=6+7
M

Linearizing the right-hand side of (A9) around the steady state (I*, K*, B*), the solution
becomes

—7[(r—8)K—wL] — x(B+ K+

C(K,I)). (A9)

1
BO)=B*+ ——— [A; (1= TI*) + T (K — K*))], A10
(1) Mn_p+X[ (1—1) ( )] (A10)

where
n

Ap=—(1—-1)r}B*—
T ( )rL o+

Ci(r +T + x) + TrfK*

1—-or

i) (Uxr +7T+ ),

+7(wjL* +w*) —nC*

Iy =1 —)rgB* — HLFC’*((M" + 7T+ x) — t[(rgK* + 1" = 8) + wiL*]
1—1)rf
—x+ nC*% (r +T+ X)
(p+T7)
and B*, x are now determined by
B, A r
(—2) M(0) — B* = ——"—— (1(0) = I') + ————— (Ko — K¥) (Alla)
M, Mr —p+X Ur —p+X
[p+ x]B*+G—7M* — t[F(K*,L*) — 6K*] + x(K* + M*) =0 (A11b)

B. The Dynamics of Relative Wealth and Income

To derive the relative dynamics of individual 7's relative wealth, a;(t) = A;(¢)/A(t), we sum
over the agents’ individual budget constraints, (4), to obtain an expression for the evolution of
aggregate wealth, A(t) = K(t) + B(t) + M(t), which we then combine with the individual wealth
accumulation eq. (4). This leads to the following relationship determining agent ’s relative rate of
wealth accumulation:

&iZ(I—T)% [l—w%li— (1—14_'6%1) a,'i| (B1)

We should note that in deriving (B1) we are assuming that T;/A; = T/A = x, thus eliminating
any (arbitrary) distributional effects of transfers. Recalling eq. (6a), I;/] = ¢;, a constant over time
that we obtain from the steady state to (B1):

li(t) ﬂ 1 *
2D =1 1l — 2 .= * 1 B2
o == U ey F ) @Y (B2)
To analyze the local dynamics of relative wealth, we linearize (B1) around the steady-state
I*,K*, and a}. Using (17), the bounded solution for agent i’s relative share of wealth, a;(t), is
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ai(t) —1=wa(t)(a — 1), (B3)

* * £ -1
where a(t) =1+ (% [1 - l;—?]) (% [l; — 1] — ,u)

Setting t = 0 in (B3) yields a;(0) — 1 = «(0)(a} — 1), which, combined with (B3), implies

()
i(t) —1=—=—1(a;(0) —1 B4
ai(t) 2(0) (ai(0) — 1) (B4)
Let t — 00, we see that agent i's relative wealth in steady state, a7, is
1
¥ 1=— (a;(0) —1 B4’
a; 2(0) (ai(0) — 1) (B4)

where the individual’s initial relative wealth, a;(0), is endogenous.

As noted, to determine the agent’s relative income we need to determine his relative wealth
position in real money balances and income-earning assets. Using (7a), (D.2), and (D.3), we can
relate agent i's relative position in real money balances to his relative wealth:

= (1= ) L - 1) (85)
o =(1=2) — . [ai(t) —
M ) oat)

With capital and bonds yielding the same rate of return, and in the absence of risk, investors
view these two assets as perfect substitutes, enabling us to characterize their composite distribution.
Letting V;=B; + K; and V=B + K, so that v; — 1 =(V;/V) — 1, and using (B5) in conjunction
with the definition of relative wealth, we can show:

vi(t) — 1= w(t)(ai(t) — 1) (B6)

where:

gL M® vy L
O =1t %o+ B0y [1 (1-7) a(t)}

which expresses the agent’s relative position of the composite income-earning asset, (B(¢) + K(t))
in terms of his overall relative position in wealth.
As noted in the text, we focus on before-tax personal income, which, for individual i is:

Yi(t) = r(t) Vi(t) + w(t)Li(t) (B7a)
while the average economy-wide before-tax personal income is
Y(t) =r() V(1) + w(t)L(t) (B7b)

Dividing (B7a) by (B7b), and using (B2) and (B5), the relative before-tax income of agent i,
yi(t) = Yi(t)/Y(t), can be expressed as

yi(t) = 1=o()[a;(t) — 1] (B8a)
where:
B r(t) V(t) - w(t) 1(1) Ly 1
YO=5ve w1’ T O Vo +wd Lo (1 l*) () (B8D)

Substituting for w(t) and using the definitions A(t) = K(¢) + B(¢) + M(t) = V(¢) + M(¢) this
can be expressed as in (20b) in the text.

C. Determination of Initial Price and Initial Wealth Inequality

Following a shock, the price level undergoes an initial jump, dP(0). This is to ensure that the real
money stock, M(0), jumps onto the stable path, (9b), and depends upon the specific shock driving
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the aggregate dynamics. To determine the effect on individual i’s initial relative wealth, a;(0), and
the impact effect on initial wealth inequality, 0,(0), we begin by writing
P(0)K, K; N N;
a0 =D Ko, Mo Mo (C1)
P(O)Ko+No Ko P(0)Ko+ No No
where Ny = M|, + B, Nig= MzO + B/0 and primes denote nominal quantities. From (C1) we
see that the effect of the initial jump in P(0) from its prior level, on the agent’s relative wealth, is

da;i(0) |: P(0)Kio P(0)Ky ] dP(0)
ai(0) P(0)Kipo + Nip  P(0)Ko + No | P(0)

If an agent’s endowment portfolio of assets coincides with the economy-wide endowment, the
term in parentheses is zero and da;(0) = 0, independent of the price change. Otherwise, if the
agent’s portfolio is weighted more (less) toward the real asset (capital), dP(0) > 0 is associated
with da;(0) > 0(da;(0) < 0).

To determine the impact on overall initial wealth inequality, we rewrite (C1), as

P(0)Kp No

(0 = 1= 50K+ No (kio = 1) + P(0)Ko + No

where n;9 = N;o/No. Denoting the ratio of nominal assets, Ny, to total nominal wealth by @ =
No/(P(0)Kp + Np), the standard deviation of initial wealth across agents following a shock is

(C2)

(”i,O — 1) (C3)

0,(0)=[(1 — w)zcr,io +2(1 — @)w oy ponov + wzcr,f’o]l/z (C4)

From the definition of @, dw /o = —(1 — @ )[dP(0)/P(0)], and hence, the effect of the change
in price from its pre-shock level on initial wealth inequality is

do,(0) (1—w)w [ dP(0)
04(0) 07(0) |: P(0)

From eq. (C5), we see that the impact of the initial price on initial wealth inequality depends
upon the total relative endowments of nominal versus real assets, @, and the standard deviations,
Ok0> Ono and correlation, v, of their distributions across agents. Under plausible conditions, the
term in parentheses in (C5) can be shown to be positive. With —1 < v < 1, we can show that weak
conditions that ensure this to be so are (i) @ < 1/2, that is, that the economy-wide endowment of
real assets (capital) exceeds that of nominal (financial) assets, and (ii) 0,0 < 09, nominal asserts
are less unequally endowed across agents than are real assets. In the absence of specific information
pertaining to oy, 00, Or v our simulations assume oy o = 0,0, V=0, when (C5) simplifies to

= [(1 —w) sz,o — (1 —=2w) oy pon0v — WO, 0]

] (C5)

do,(0) (1-20)(1-m) @ [dP(O)} (C5)

(0~ (1-o)+@2) [P0

While these restrictions are arbitrary, the results are fairly robust with regard to modest
relaxation with regard to these distributional parameters.
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