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Abstract

This paper assesses the welfare implications of long-run inflation in an environment

with essential money, a competing illiquid asset, and potential ex-ante heterogeneity

of households with respect to their behavioral measures of risk aversion and elasticity

of intertemporal substitution. The results show that the relative liquidity position of

households’portfolio as well as potential inter-cohort transfers of resources can deliver

fewer welfare costs to inflation than has been previously reported, and in some instances

net welfare benefits to low levels of positive inflation. These results hold in versions of

the model calibrated to both US and euro area data.
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1. Introduction

This paper examines how ex-ante heterogeneity in household preferences can impact the

welfare implications of long-run monetary policy. Lucas (2003) concludes that households’

attitude towards risk is crucial when assessing the welfare implications of fiscal and monetary

policies, while most models studied in the monetary literature have quantified households’

aversion to risk using either long-established values or via model calibration. If these models

further assume utility functions of the constant relative risk aversion (CRRA) variety, then

a household’s degree of risk aversion (RA) and elasticity of intertemporal substitution (EIS)

are in fact inverses of each other. There exists no empirical evidence nor theoretical reasoning

behind this strict relationship between RA and EIS. What exists is empirical evidence that

estimated degrees of RA and EIS can differ from commonly used average values, as well as

exhibit large dispersion in the cross-section. As welfare calculations directly use household

preferences for compensating variation, these behavioral measures can have a first-order

impact on the welfare implications of long-run policy.

RA is defined as the degree to which a household prefers to reduce risk. A significantly

risk-averse household would prefer an asset with a low average return over an asset with a

higher average return if it provides some reduction in risk (e.g. lower return volatility or

less liquidity risk). The central estimate of RA implied by labor supply studies is between 1

and 2, while estimates using asset or insurance markets have appeared significantly higher.1

Barsky et al. (2007) and Kimball et al. (2008, 2009) provide estimates of RA distributions

in the US using the Health and Retirement Study (HRS) and the Panel Study of Income

Dynamics (PSID). These studies directly measure respondents’ RA by utilizing a set of

questions regarding hypothetical lotteries on lifetime income, and find large cross-sectional

heterogeneity in RA as well as an average degree of RA significantly larger than 2.2 In

1See Chetty (2006) for a detailed explanation on the relatively low estimates for risk aversion implied by
labor supply studies. The larger estimates from asset markets stems from the classic equity premium puzzle
of Mehra and Prescott (1986).

2Chiappori and Paiella (2011) performed a similar analysis using the Survey of Household Income and
Wealth (SHIW) in Italy, but were able to indirectly measure risk aversion by examing the changes in respon-
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particular, Kimball et al. (2009) report a mean of 4.26 and a median of 2.92.

EIS measures household responsiveness to the intertemporal price of consumption. A

significantly low EIS implies that households possess a strong consumption-smoothing motive

and do not alter consumption much in response to changes in the return on savings. The

empirical literature reports a wide range of plausible values. Havránek et al. (2015) conduct a

meta-analysis of 2,753 EIS estimates from 169 published studies covering over 104 countries.

A broad weighted-average delivers an EIS estimate of roughly 0.5, but with a large dispersion

across countries. For example, they find within-country average estimates of 0.9 for Japan,

0.6 for the US, 0.5 for the UK, 0.4 for Canada, 0.2 for Israel, and 0.1 for Sweden.3 Gomes

and Paz (2013) and Best et al. (2017) conclude that EIS is closer to Hall’s (1988) original

estimate of 0.1 for the US and UK.

This paper examines a model with rich household heterogeneity to determine the how

these wide ranges of behavioral measures impact the welfare implications of long-run in-

flation. The model has several key features. First, households have generalized recursive

preferences so they can possess measures of RA and EIS that are not strictly related to

each other as under expected utility. Second, there may exist ex-ante heterogeneity among

household cohorts that possess innately different measures of RA and EIS. Third, money

is essential and not imposed as a medium of exchange.4 Finally, there exists a productive

and return-dominating asset (i.e. capital) that competes with money as a store of value,

but this asset is relatively illiquid and incurs a fixed market entry cost. These features al-

low agents to self-insure against risk by choosing asset portfolios ranging from completely

liquid to completely illiquid, depending upon their RA and EIS. Versions of the model are

considered with either one household cohort possessing empirically plausible average values

dents’portfolio composition over time. Large and dispersed values of RA have also been found by Harrison
et al. (2007) in a lab experiment involving Danish individuals, as well as von Gaudecker et al. (2011) in an
on-line questionaire involving Dutch households.

3These within-country averages were calculated using over 50 EIS estimates for each country.
4Models featuring essential money generally satisfy two conditions: (i) the model allows for a nonmon-

etary equilibrium, and (ii) the set of allocations supported with money is larger (and possibly better) than
without.
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of RA and EIS, or multiple cohorts exhibiting ex-ante dispersion in their values of RA and

EIS while possessing plausible average values across cohorts.

Traditional heterogeneous-agent models like the one considered here deliver a steady-state

distribution of households, and welfare analyses involve a separation of the consumption

distribution into households considering a particular long-run policy as a benefit and those

who consider it a detriment. Changing household degrees of RA or EIS can deliver two

impacts on the model (inter alia) which together deliver an ambiguous impact on welfare. The

first impact is the change in the sensitivity of welfare calculations due changes in curvature

of the utility function. Figure 1 compares a household’s CRRA utility function with the

preference parameter either set to the average RA estimate from Kimball et al. (2009) of

4.26 or a traditional value of 2. It is apparent that a household’s marginal utility for any

consumption level is positively related to the degree of RA, and any change in consumption

would therefore deliver significantly different welfare results. The second impact is that

increasing these behavioral measures will also increase households’desire to save in the form

of money, capital, or both. An increase in the capital stock results in an increase in output,

an increase in average income, and could therefore impact the moments of the consumption

distribution. If the consumption distribution depends on households’behavioral measures,

then so does the separation of households into policy winners and losers. It is therefore not

obvious if a larger aversion to risk or desire to smooth consumption would necessarily deliver

larger welfare costs of positive inflation on average.

The results of the model suggest that households who are either more risk averse or have

higher motives to smooth consumption can potentially experience reduced welfare costs

of long-run inflation and in some cases net welfare benefits. While a large portion of the

explanation behind this result lies in a shifting of the consumption distribution due to an

increase in savings mentioned above, another key driver is the liquidity position of the savings

portfolio. Consider the results from a benchmark version of the model where there is only one

household cohort exhibiting traditional values of RA = 2 and EIS = 0.5 (as under expected
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Figure 1: Comparison of CRRA Utility Functions

utility). When calibrated to traditional monetary measures such as velocity and moments

of the monetary distribution, the welfare predictions of the model are in-line with previous

analyses. Namely, welfare costs are monotonically decreasing in inflation, and 10 percent

inflation costs around 2 percent of lifetime consumption. An increase in households’RA or

EIS (ceteris paribus) increases their demand to save more liquid and illiquid assets, with a

larger demand for liquid assets delivering a more liquid portfolio. At zero percent inflation,

a household’s liquidity position is highest because the liquid asset is paying the highest (zero

percent) real return. When the environment is subjected to small amounts of inflation,

households reduce the liquidity position of their portfolios by substituting the liquid asset

for the illiquid asset, resulting in an increase in capital, output, and wages (which can also be

used to smooth consumption). Ultimately, households find themselves with relatively higher

average incomes, which shift the moments of the steady state consumption distribution.

Depending on the degree of RA and EIS, the separation of the consumption distribution

into policy winners and losers might find a larger proportion on the winning end.

The results described above for an environment with a single cohort of households are

actually amplified in environments featuring multiple cohorts with innately different degrees

of RA or EIS due to inter-cohort transfers. A multiple cohort version of the model can be
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thought of as an environment where each cohort has a distinct consumption distribution that

together contribute to the same markets clearing. High risk-averse agents are now able to

increase their ability to self-insure (i.e. save more) by transferring resources to low risk-averse

agents who place less value on self-insurance. These transfers add additional welfare gains

of inflation which cannot be displayed in environments with ex-ante homogeneous agents. A

final application considers members of the euro area. Using country-average EIS estimates

from Havránek et al. (2015) and assuming a common value for RA = 2 across countries, the

results again suggest that ex-ante heterogeneity in preferences across countries can lead to

stark differences in the welfare implications of long-run inflation when compared to a model

with ex-ante homogeneous agents with common (average) behavioral measures.

The paper proceeds with a literature review in Section 2. Section 3 presents the model,

and Section 4 reports the results from the computational analysis. Section 5 concludes.

2. Related Literature

While this is the first analysis examining the impact of RA and EIS on the welfare

implications of long-run monetary policy, there is nonetheless a related monetary literature

worthy of mention.5

Camera and Chien (2014) conduct a systematic analysis of welfare costs in a heterogeneous-

agent environment with endogenous labor and a rich decision set among assets including

money, illiquid bonds, and physical capital. They assume a role for money by means of a

cash-in-advance constraint and detail how long-run inflation impacts welfare as well as in-

equality in wealth, income, and consumption. They find shock persistence, labor elasticity,

and financial structure to have important welfare implications. A key result of their analysis

is that low values of inflation deliver net welfare benefits when labor supply is suffi ciently

inelastic. The model analyzed below assumes an inelastic labor supply for two important
5This section focuses on computational analyses involving heterogeneous agents in Walrasian markets,

and regretably omits a large portion of the monetary literature approaching this topic from a search-theoretic
angle following Lagos and Wright (2005).
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reasons. First, the model contains essential money which would require significant compli-

cations to the timing of markets or realizations of uncertainty in order for labor supply to be

elastic.6 Second, Swanson (2012) shows that elastic labor complicates a clear interpretation

of risk aversion in many classes of preferences. While these complications are surmountable,

the model considered below is an important first step.

Cao et al. (2018) consider cross-sectional heterogeneity on the welfare implications of in-

flation. They extend Erosa and Ventura (2002) into an overlapping generations environment

and capture several observations of Canadian household survey data such as money holdings

increasing (decreasing) with age (consumption level). Agents in their model have homoge-

neous preferences but are heterogeneous with respect to generational features such as age

and access to credit markets, and they report a lower welfare cost of inflation than previously

found in the literature. A key driver of their result is the calibration of discount rates across

age cohorts as well as age-specific costs to entering a credit market. An interesting ques-

tion beyond the scope of the current analysis is the extent to which household preferences

change with age, possibly alleviating the requirement that households have age-specific costs

to accessing credit.

Ex-ante heterogeneity has played an important role in papers outside of the monetary

literature. Cozzi (2014) considers the distribution of risk aversion detailed by Kimball et

al. (2009) in an Aiyagari (1994) environment without money. Assuming expected utility

and a large number of cohorts differing in risk aversion, he shows that the model improves

upon predicting wealth inequality relative to a single-cohort environment. Chien et al. (2016)

analyze an environment with potential cross-sectional heterogeneity in household preferences,

discount rates, and beliefs. They consider recursive preferences and focus on the rich cross-

sectional heterogeneity of asset portfolios seen in the data, but do not address the welfare

implications of long-run monetary policy.

6Examples of these environments include the search-theoretic analyses of Molico (2006) and Chiu and
Molico (2011), as well as centralized-market analyses of Dressler (2016) and Wen (2015). Wen (2015) shows
how one can have an elastic labor supply with essential money by assuming households make their labor
supply decision before the realization of individual uncertainty.

7



3. The Model

3.1. Environment

Time is discrete with an infinite horizon. The environment is populated by a unit mea-

sure of infinitely lived households, sorted into J cohorts. Each household within cohort

j ∈ {1, . . . , J} share the same innate measures of RA and EIS, and these behavioral mea-

sures are the only differences across cohorts. The proportion of each cohort is denoted ϕj,

with Σjϕj = 1. All other features of the environment are identical across cohorts such as

endowments, technologies, and access to markets. The environment is therefore described in

terms of household i from cohort j.

Period t begins with a household realizing the outcome of two sources of individual

uncertainty. First, she receives an endowment of effective labor units hijt ∈ {hL, hH} that

she inelastically supplies to the firm. The endowment process is persistent, evolves according

to a finite-state Markov process, and the long-run distribution of labor is invariant. Second,

she receives an idiosyncratic preference shock θijt ∈ {θL, θH} which is iid across households

and time with Pr (θ = θq) = 0.5, q = {L,H} . These shock processes are the only source

of uncertainty (i.e. there is no aggregate uncertainty), they are faced by all households

regardless of cohort, and they introduce ex-post heterogeneity within each cohort j.7

There exists a stock of fiat money that is perfectly divisible, costlessly storable, and

unable to be produced or consumed by any private individual. Let a superscript N denote

nominal values, so MN
t denotes the nominal stock of money available at the beginning of

period t. The law of motion for the money supply is given byMN
t+1 = µtM

N
t where µt denotes

the period t growth rate. A household can hold any non-negative amount of money balances(
mN
ijt ∈ R+

)
, and new money is injected into the economy via identical lump-sum transfers

τNt to all households at the beginning of the period. Money is a purely liquid asset, and

7In addition to providing useful degrees of freedom for model calibration, it will be made clear below
that two dimensions of uncertainty are needed to shape the decisions of the household regarding the amount
of income to consume versus save, as well as the savings portfolio proportions of liquid and illiquid assets.
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there are no ad-hoc requirements on it being a medium of exchange.

There exists a stock of physical capital Kt which is owned by the households. A represen-

tative profit-maximizing firm accepts labor and rents physical capital from the households,

produces a perishable consumption good, and pays a competitive market wage (wt) and

rental rate (rt). Capital depreciates at the exogenous rate δ. The production technology is

CRS and homogeneous of degree one

Yt = f (Kt, Ht) = Kα
t H

1−α
t , (1)

where Kt and Ht denote the aggregate supply of capital and labor. The profit-maximizing

rates paid for capital and labor are standard.

rt = α

(
Ht

Kt

)1−α

(2)

wt = (1− α)

(
Kt

Ht

)α
(3)

A household enters period t with balances of real money (mijt) and capital (kijt), and

receives an endowment (hijt), a preference shock (θijt), and the real monetary transfer (τ t) .

The market for production opens first, where a household supplies labor inelastically in ex-

change for a wage rate wt and lends capital to firms at interest rate rt. After the household

receives all income, the goods and asset markets open so the household can purchase con-

sumption goods (cijt) as well as choose their asset portfolio (mijt+1, kijt+1) to bring into the

next period.

Note the timing assumptions imply that households could use their contemporaneous in-

come and capital assets to fully self-insure against risk, potentially leaving no meaningful role

for money. A demand for money is induced by emphasizing its relative liquidity value. The

environment makes two assumptions on the capital market, taken from analyses examining

firm capital investment such as Abel and Eberly (1994, 1996) and Cooper and Haltiwanger
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(2006). First, the capital market has a fixed entry cost that a household will incur in order to

adjust her capital holdings. A household with capital holdings kijt must pay a proportional

fixed fee F × (1 + kijt) to enter the market and adjust her capital holdings.8 If a household

chooses to not enter, then she retains her current capital holdings net of depreciation. Sec-

ond, there is a gap between the buying and selling prices of capital. This gap could capture

a partial irreversibility of capital investment or a lemons problem. Taken together, these

capital market frictions can deliver periods of investment inactivity and result in a wide

array of asset portfolio options. Some households can choose zero money balances believing

that their flow of income from labor and capital holdings (as well as their monetary transfer)

will provide adequate insurance, while others choose the opposite extreme of entirely self-

insuring with money and holding no capital. Households choosing portfolios between these

two extremes will be holding a portfolio of both assets, and accumulate money until it is

optimal to enter the capital market.

3.2. The Household’s Problem

Given a market price Pt, all nominal variables are transformed into real terms (e.g.

mijt = mN
ijt/Pt andMt = MN

t /Pt). Clearing of the money market in a stationary equilibrium

implies πt = Pt+1
Pt

= µt.

The current state of household i from cohort j consists of her current real asset portfolio

(mij, kij ∈ R+) and shock realizations (hij, θij). Let Vj be the value function of a household

from cohort j after all shocks and transfers have been realized, and the household has decided

whether or not to enter the capital market. Given state vector ωij = (mij, kij, hij, θij) , the

household’s problem is to choose
(
cij,m

′
ij, k

′
ij

)
to maximize Vj,

Vj (ωij) = max
{
V I
j (ωij) , V

B
j (ωij) , V

S
j (ωij)

}
(4)

8Proportional entry costs are used to eliminate size effects. The environment uses F × (1 + kt) as the
entry cost and not a simple proportional cost of Fkt so agents entering a period with zero capital will still
face a positive cost of entry F.
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where V I
j (·), V B

j (·) , and V S
j (·) are the values of a cohort−j household choosing to be

inactive, an active buyer, or an active seller in the capital market. The value of choosing

action A ∈ {I, B, S} is the solution to

V A
j (ωij) = max

{cij ,m′ij ,k′ij}
(1 + θij)

c
1−γj
ij

1− γj
− β

[
E
(
−Vj

(
m′ij, k

′
ij, h

′
ij, θ

′
ij

))1−εj
] 1
1−εj . (5)

The constraint set for a household choosing inaction in the capital market (A = I) is given

by

cij + πm′ij ≤ whij +mij + rkij + τ

0 ≤ m′ij

k′ij = (1− δ) kij

Note the decision to be inactive in the capital market imposes the capital stock next period

to be k′ij = (1− δ) kij.

The constraint set for a household choosing to be an active buyer in the capital market

(A = B) is given by

cij + πm′ij + pB
[
k′ij − (1− δ) kij

]
+ F (1 + kij) ≤ whij + rkij +mij + τ

0 ≤ m′ij

(1− δ) kij ≤ k′ij

where pB denotes the real purchase price of capital. Note the decision to be an active buyer in

the capital market results in the cohort−j household paying the fixed entry cost F (1 + kij)

and choosing k′ij ≥ (1− δ) kij.

The constraint set for a household choosing to be an active seller in the capital market
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(A = S) is given by

cij + πm′ij + pS
[
k′ij − (1− δ) kij

]
+ F (1 + kij) ≤ whij + rkij +mij + τ

0 ≤ m′ij

k′ij ≤ (1− δ) kij

where pS (≤ pB) denotes the real selling price of capital. Note the decision to be an active

seller in the capital market results in the cohort−j household paying the fixed entry cost

F (1 + kij) and choosing k′ij ≤ (1− δ) kij.

The household’s problem considers the generalized recursive specification of Epstein and

Zin (1989) and Weil (1989), previously used by Rudebusch and Swanson (2012) and others in

the finance literature. The Bellman equations in (5) have the same general form as expected

utility preferences, but the expectation operator is twisted and untwisted by the coeffi cient

1− εj. Swanson (2012) shows that the EIS of the cohort-j household is given by 1
γj
as under

expected utility, but RA is given by γj + εj
(
1− γj

)
.9 When εj = 0, the above specification

reduces to standard expected utility maximization. When εj 6= 0, the household’s RA is

amplified (or attenuated) by the additional curvature parameter εj. Assuming γj > 1,

εj < 0 (εj > 0) results in RA being higher (lower) than under expected utility.10

3.3. The Stationary Equilibrium

With the exception of market clearing conditions requiring aggregation across all J

cohorts, the equilibrium can be defined independently for each cohort. The cohort-j notation

is therefore suppressed. Let the state of a household be denoted ω := (m, k, h, θ) ∈ Ω :=

M ×K ×H × Θ, with M = [0,∞), K = [0,∞), H = {hL, hH}, Θ = {θL, θH}. Let P(H)

9Swanson (2012) shows how this specification is equivalent to traditional Epstein-Zin recurrsive prefer-
ences, while delivering computational advantages such as standard dynamic programming regularity condi-
tions.

10The specific form of preferences implicitly assume γj > 1 , which is the case for all numerical experiments
considered below.
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denote the power set of H, P(Θ) denote the power set of Θ, and B(M) and B(K) denote

the respective Borel σ−algebra of M and K. Let B(Ω) := B(M) × B(K) × P(H) × P(Θ)

and define the subset of possible states B(Ω) := (M,K,H,T) ⊆ B(Ω). Let {Ω,B(Ω),Φ}

define the probability space, where Φ is a probability measure. Finally, let φ denote the

joint probability density associated with the probability space B(Ω). Two discrete random

variables (h and θ) and two continuous random variables (m and k) imply that φ is a mixed

density.

Given the current realizations of the labor shock (h ∈ H) and preference shock (θ ∈ Θ) ,

p (h′|h) p (θ′) is the conditional probability of receiving (h′, θ′) next period. The evolution

of the distribution of the state ω can be characterized using a transition function Q : Ω ×

B (Ω)→ [0, 1] defined by

Q (ω,B (Ω)) =

{ ∑
h′∈H

∑
θ′∈T

if (m′ (ω) , k′ (ω)) ∈M×K

0 otherwise

for all ω ∈ Ω and all B (Ω) ⊆ B (Ω) .

A stationary monetary equilibrium is a time-invariant distribution of consumption, real

money balances, and real capital holdings across the population of households (of each

cohort-j), such that on each date the optimal plan of a household in state ω = (m, k, h, θ) ∈ Ω

involves c(ω) consumption,m′(ω)monetary savings, and k′(ω) capital savings. These optimal

plans solve the household problem given that the firm maximizes profit, all markets clear,

and the distributions of states are stationary.

Definition 1 (Recursive Equilibrium). A stationary monetary recursive competitive equilib-

rium is a constant inflation rate π, a wage rate w, an interest rate r, a set of policy functions

m′ : Ω→ R+, k′ : Ω→ R+, c : Ω→ R+, and an invariant probability measure Φ such that

1. Given π, w, and r, the policy functions m′(ω), k′(ω), and c(ω) for ω ∈ Ω solve the

household problem (4).

2. Given w and r, the firm demands labor and capital according to (2) and (3).
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3. Markets for money and capital clear:

∑
j∈J

(∑
h∈H

∑
θ∈Θ

∫
m∈M

∫
k∈K

k′ (ω)φ (ω) dmdk

)
ϕj = K

∑
j∈J

(∑
h∈H

∑
θ∈Θ

∫
m∈M

∫
k∈K

m′ (ω)φ (ω) dmdk

)
ϕj = M

4. For each j ∈ J and all subsets B (Ω) ⊆ B (Ω) , the cdf Φ′ (B (Ω)) satisfies

Φ′ (B (Ω)) =
∑
h∈H

∑
θ∈Θ

∫
m∈M

∫
k∈K
Q (ω,B (Ω))φ (ω) dmdk

and Φ′ (B (Ω)) = Φ (B (Ω)) .

4. Quantitative Analysis

4.1. Preference Values

Model versions are assessed considering one or more cohorts of agents (J ≥ 1) , and

assume values of RA and EIS as follows.

Model versions assuming J = 1 consider four cases using two parameters each for a

household’s RA and EIS. Risk aversion is assumed to be either 2, as in most CRRA analyses,

or 4.26 which is the Kimball et al. (2009) estimated mean of the risk aversion distribution

using the PSID. Given these two RA values, two cases naturally arise under expected utility.

In particular, Case 1 considers RA = 4.26 and EIS = 0.24 (= 1/RA), while Case 4 considers

RA = 2 and EIS = 0.5. In order to assess the impact of breaking the link between RA and

EIS made possible by recursive preferences, two additional cases are considered where the

RA and EIS values are switched. The resulting preference parameters for these four cases

are detailed in Table 1. It will be convenient to keep track of these cases by referring to

their RA and EIS values as relatively high or low. In the results that follow, Case 1 will be

referred to as the high RA - low EIS case or (RH , EL). Cases 2 through 4 will be respectively
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Case RA EIS γ = 1
EIS

ε = RA−γ
1−γ

1 (RH , EL) 4.26 0.24 4.26 0
2 (RH , EH) 4.26 0.5 2 −2.26
3 (RL, EL) 2 0.24 4.26 0.69
4 (RL, EH) 2 0.5 2 0

Table 1: Preference Parameters, Single Cohort Cases

referred to as (RH , EH) , (RL, EL) , and (RL, EH). It should be stressed that given the range

of plausible values for behavior measures reported in the empirical literature, the parameter

values considered are quite conservative.

Model versions considering multiple cohorts assume J = 3 where RA values are again

taken from Kimball et al. (2009). In particular, all cases consider a distinct RA value for

each cohort (1.62, 5.24, 7.93) which correspond to the 25th, 75th, and 87.5th percentiles

of the estimated distribution. The proportion of each cohort in the economy is given by

ϕ1 = 0.5, and ϕ2 = ϕ3 = 0.25, resulting in an average RA to be roughly 4.26 as found by

Kimball et al. (2009).11

Taking these RA values as fixed, three cases are considered. Case J1 assumes expected

utility with EISj = 1/RAj for each cohort j. Case J2 assumes an identical EISj = 0.5,∀j

and allows the impact of ex-ante heterogeneity in RA to be assessed in isolation. Finally,

Case J3 adjusts the γj values in Case J1 proportionally so the cohorts have distinctly different

values of EIS, but possess a weighted averageEIS = 0.5 as in Case J2. This case is considered

because most empirical EIS estimates in the literature are in fact average values. This may

be innocuous in a representative-agent environment, but a comparison of Case J2 with Case

J3 will determine how much cross-sectional heterogeneity matters. The resulting preference

parameters for these three cases are detailed in Table 2.

11The larger proportion placed on the first cohort is in line with the empirical distribution estimated
by Kimball et al. (2019), while the exact RA value was conservatively chosen after some experimentation.
These experiments showed that households with any RA value at or below the median of the distribution
behaved similarly insofar as they were choosing to hold few assets for self insurance.
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EISj γj = 1
EISj

εj =
RAj−γj

1−γj
Case j = 1 j = 2 j = 3 j = 1 j = 2 j = 3 j = 1 j = 2 j = 3
J1 0.62 0.19 0.13 1.62 5.24 7.93 0 0 0
J2 0.5 0.5 0.5 2 2 2 0.39 −3.25 −5.93
J3 0.80 0.25 0.16 1.26 4.07 6.15 −1.42 −0.38 −0.35

Table 2: Preference Parameterization, Multiple Cohort Cases

4.2. Other Parameter Values, Calibration Strategy, and Compu-

tation

The model frequency is annual and the parameters shared across model versions are as

follows. The stochastic process for labor earnings is taken from Floden and Linde (2001),

who use the PSID to estimate an AR1 model with a correlation ρ (lnh) = 0.92 and standard

deviation std (lnh) = 0.21. The Rouwenhorst (1995) method was used to approximate a two-

state Markov Process with resulting values for the endowment process of (hL, hH) = (0.1, 0.3)

and a transition matrix of πLL = πHH = 0.96. All models assume traditional values of

β = 0.96, α = 0.36, and δ = 0.10, as well as pB = 1 and pS = 0.75 taken from Cooper and

Hawltiwanger (2006).

The remaining parameters are the size of the preference shock θ and the capital entry

cost F. These parameters are used to calibrate the models so they predict two monetary

moments at two percent long-run inflation: a monetary velocity of 5, and a median-to-mean

ratio in the equilibrium distribution of money holdings of roughly 0.3.12 This ratio is the

unweighted average of the median-to-mean holding of checking accounts (in 2016 dollars)

taken from the Survey of Consumer Finances (SCF) for the years 2010, 2013, and 2016.13

The resulting parameter values for all cases are reported in Table 3. Note higher RA or

12The choice of money demand for calibration is a common practice in welfare analyses (see Lucas, 2000).
This analysis takes a more direct approach of calibrating to one point on the money demand curve (as
opposed to fitting the entire curve itself) due to computational feasibility.

13The use of the median-to-mean ratio in the SCF follows Dressler (2016) who show that capturing the
number of agents with below-average money balances (i.e. those who stand to gain from money transfers
associated with inflation) results in a majority of households voting for inflation above the level chosen by a
social planner (i.e. the Friedman Rule).
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Case 1 (RH , EL) 2 (RH , EH) 3 (RL, EL) 4 (RL, EH) J1 J2 J3
±θ 0.19 0.33 0.35 0.35 0.15 0.35 0.26
F 1.35e−3 3.57e−3 1.99e−3 5.23e−3 1.60e−3 3.70e−3 2.00e−3

Table 3: Parameters via Calibration, Money and Capital Model

lower (or more dispersed) EIS results in lower values of entry cost to the capital market F.

The model was solved via standard value function iteration with a Howard improvement

added to increase computational speed. Given the kinks in the value function due to the

discrete choice of entering the capital market, as well as the non-monotonic behavior of the

decision rule on money holdings, this solution method proved to be the most robust.

4.3. Single Cohort Results (J = 1)

This section reports the impact of changing preferences in the model when populated

by one cohort of ex-ante homogeneous households. These models still provide stationary

distributions of agents in a steady-state equilibrium, only these distributions are due to

ex-post heterogeneity in shock histories and not due to innate differences in preferences

across cohorts within the same environment. Before presenting the predictions of the model

from changing both preferences and calibrated parameters, a comparative statics analysis is

presented where the four cases use the same parameter values of θ and F recovered from the

calibration exercise of the benchmark case (Case 4) and differ only in preferences.

4.3.1. Comparative Statics

The results of the comparative statics analysis are presented in Figure 2, and can be

summarized as follows.

Result 1: At low levels of inflation, welfare costs are positively related to EIS and negatively

related to RA only when EIS is low.

The top-left panel of Figure 2 illustrates the welfare result. Welfare is calculated through-

out the analysis using a compensating variation method as is common in the literature and
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detailed in an appendix. For a positive amount of long-run inflation, the welfare measure

is the percentage of consumption a household would need to give up or be compensated in

order to be indifferent between that inflation rate and zero inflation. A positive number

indicates that households prefer that level of inflation over zero inflation (i.e. net welfare

benefits), while a negative number indicates net welfare costs of positive inflation.

Recall that the benchmark case (Case 4) considers RA = 2 and EIS = 0.5 as under

expected utility. As common in the related literature, this case reports that inflation is

always costly, welfare costs are monotonically increasing in inflation, and the welfare cost

of ten percent inflation is 1.9% of consumption. The other cases indicate how changing

the households’ level of RA or EIS (ceteris paribus) can potentially impact the welfare

implications of long-run inflation. Increasing the household’s level of RA (Case 2) delivers

almost no change in welfare, especially when inflation is relatively low. Increasing RA and

decreasing EIS together (Case 1) delivers a stark change in the welfare results at low levels

of inflation, and even delivers net welfare benefits (0.04 percent) of inflation up to 3 percent.

The remaining case (Case 3) illustrates the impact of decreasing EIS while leaving RA at

its benchmark level of 2. The welfare measures are smaller than in Case 1, but this case

still predicts net welfare benefits (0.11 percent) of 1 percent inflation. Taken together, these

four cases show that EIS has a robust impact on the welfare costs of inflation while RA only

impacts welfare when EIS is low.

The remaining panels of Figure 2 provide the intuition behind the result. The top-right

panel illustrates the average ratio of money to capital in households’portfolio. It is clear that

increasing a household’s aversion to risk or desire to smooth consumption (i.e. decreasing

EIS) increases the liquidity of her portfolio, especially at zero percent inflation where the

return on money is the highest. When subjected to positive amounts of inflation, households

reduce their liquidity position across all cases. The reduction in liquidity is more dramatic

depending on how much household preferences differ from the benchmark case. As inflation

gets increasingly large, all households choose a similarly low liquidity position regardless
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of preferences. This suggests that increasing inflation can eventually make the liquid asset

equally unattractive to households regardless of preferences.

While the change in the liquidity position of household assets are qualitatively similar

across the four cases, the differences in magnitudes is what is driving the results. The

second row of panels in Figure 2 illustrate steady state aggregate levels of money and capital.

Note that at zero percent inflation, more risk aversion or a larger consumption smoothing

motive increases the savings of both money and capital. The left panel illustrates that

positive inflation induces all households to decrease their money holdings, while the right

panel illustrates qualitative differences in changes in their capital holdings. Households in

Cases four and two slightly decrease their average capital balances in response to positive

inflation while households in Cases one and three have periods where they increase their

capital holdings. This shows that the more dramatic reductions in the money-capital ratio

can be achieved through substitution of the liquid asset for the illiquid asset. The third

row of panels in Figure 2 illustrate the impact of the changes in capital holdings on wages

and output, illustrated as percentage changes relative to their zero inflation levels. Due to

inelastic labor supply, both wages and output track the changes in capital holdings. When

households receive higher (lower) wages, they have more (less) income which can be used

for self-insurance. Finally, the bottom row of panels in the figure illustrate the response to

consumption. All cases show a reduction in average consumption (the left panel), which

is due to lower levels of output in Cases two and four or due to higher rates of savings in

Cases one and three. However, the right panel gives an indication of what is happening in

the consumption distribution across the four cases. In particular, Case one illustrates an

increase in median consumption at low levels of inflation which further supports that welfare

gains are going to a larger proportion of the households at these positive inflation levels.14

Result 2: At high levels of inflation, changes in EIS and RA alone have little to no effect

14The median is displayed because it offers the most stark comparison across the four cases, but other
measures of the consumption distribution (i.e. the standard deviation, Gini index, etc.) all support this
result.
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on welfare costs.

While the first result focuses on the impact of low levels of inflation (from one to five

percent), the welfare impact of ten percent inflation appears roughly constant across the four

cases. This is due to the eventual convergence of the households’liquidity position indicated

in the top-right panel. Once households reach a minimal holding of liquid assets, they all face

the same low level of self-insurance provided by these small balances. The welfare benefits

(if any) of substituting from the liquid to illiquid asset gets eroded, and households must be

compensated by roughly the same amount of their zero inflation consumption level to be at

10 percent long-run inflation.

4.3.2. Calibrated Results

While the comparative statics analysis isolates the impact of changing preferences, it

should be noted that Cases one through three did not display any empirical features used

for calibration. Figure 3 illustrates the same model comparisons, only now each case uses

their calibrated parameter values of F and θ reported in Table 3.

Result 3: At all levels of inflation, welfare costs of inflation are positively related to EIS,

and negatively related to RA only when EIS is low.

Compared to the comparative statics exercise above, the results presented here are quan-

titatively different due to the size of the entry cost F across the four cases. Note in Table

3 that as households are given increasingly higher amounts of risk aversion or incentives

to smooth-consumption, the model requires a lower cost to enter the capital market. This

directly follows from the fact that higher RA or lower EIS increases the household’s desired

liquidity position. In order for each case to match monetary velocity, this increased desire

for liquidity needs to be suppressed by making capital easier to obtain.

At low levels of inflation, the welfare results are quite close to the comparative static

results. Namely, increasing only risk aversion (Case 2) delivers almost no change in welfare

costs relative to the benchmark, while decreasing EIS alone or with an increase in risk
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Figure 2: Single-Cohort Model: Comparative Static Results
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aversion (Cases 1 and 3) deliver net welfare benefits. The intuition is also similar, but now

the movements in the households’average liquidity positions are more drastic in the cases

where the entry cost to the capital market is the lowest. The lower the entry cost, the easier

households can shift from the relatively high liquidity position at zero inflation to a lower

liquidity position when inflation becomes positive.

At high levels of inflation, although the liquidity positions of households across all cases

converge to a minimal level as in the comparative statics analysis, the welfare benefits of

increased inflation for some cases do not entirely erode away. This is because cases where

households have the lowest capital entry costs bring down their money-capital ratio by drasti-

cally decreasing their money holdings and increasing their capital holdings. For example, the

aggregate level of capital for Case 1 is roughly 4 percent higher at ten percent inflation than

at zero percent, resulting in over a 1 percent increase in wages and output. This sustained

increase in output prevents a drop in average consumption as large as in the benchmark

case (Case 4) and delivers a reduced welfare cost of 10 percent inflation. When comparing

the welfare costs across the four cases, it can be seen that increasing risk aversion alone

(Case 4 vs Case 2) does not impact the welfare cost experienced at 10 percent inflation,

while decreasing EIS only (Case 3) and together with an increase in RA (Case 1) reduces

the welfare cost of ten percent inflation by 53 percent and 77 percent.

4.4. Multiple Cohort Results (J = 3)

This section presents results from three cases of the model populated by multiple cohorts

of households. Recall that the three cases considered share the same distribution of RA, yet

differ in the distribution of EIS.

Result 4: At all levels of inflation, cross-sectional heterogeneity in RA alone does not impact

the welfare costs of inflation.

Result 5: At all levels of inflation, cross-sectional heterogeneity in EIS reduces the welfare

costs of inflation.
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Figure 3: Single-Cohort Model: Calibrated Results
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These welfare results are illustrated by comparing the multiple-cohort cases with the

relevant single-cohort cases illustrated in Figure 4. Aggregate welfare is calculated as in

Cao et al. (2018), where the independent welfare calculations of each cohort are aggregated

according to each cohort’s proportion of the population.15 First, the single-cohort Case 2

is compared to the multiple-cohort Case 2 in the bottom panel of the figure. The single-

cohort case considers ex-ante homogeneous households with relatively high RA (= 4.26) and

EIS (= 0.5), while the multiple-cohort case considers ex-ante heterogeneous households with

respect to their levels of RA, but all cohorts possess an EIS of 0.5. Note that the weighted

average RA in the multiple-cohort model is similar to the RA of the single-cohort model. The

welfare results are essentially identical: welfare costs are monotonically increasing, and the

welfare costs of 10 percent inflation is roughly 1.9 percent of consumption. Second, the single-

cohort Case 1 is compared to the multiple-cohort Case 1 in the top panel of the figure. The

single-cohort case considers ex-ante homogeneous households with relatively high RA and a

relatively low EIS (= 0.24) , while the multiple-cohort case considers ex-ante heterogeneous

households with respect to both RA and EIS. The multiple-cohort case reports much larger

welfare benefits of low levels of positive inflation up to 5 percent as well as a 72 percent

reduction in the welfare cost of 10 percent inflation. Finally, compare the single-cohort Case

2 with the multiple-cohort Case 3 where households are ex-ante heterogeneous with respect

to both their levels of RA and EIS, but the weighted average degree of EIS is equal to 0.5

(bottom panel). As in the multiple-cohort Case 1, this case reports welfare benefits to low

levels of inflation as well as a 73 percent reduction in the welfare cost of 10 percent inflation.

This final comparison is the most compelling, for it illustrates that a model with ex-ante

heterogeneous households possessing average degrees of RA and EIS equal to those of a

model with ex-ante homogeneous households can deliver decidedly different predictions on

the welfare costs of inflation.

Figure 5 compares additional results for the multiple-cohort cases, and tells a similar

15Calculating a single welfare cost across cohorts ultimately results in some cohorts being over (under)
compensated, which unneccesarily clouds the analysis.
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story to the single-cohort cases presented above. At zero percent inflation, households with

a larger (on average) or more dispersed motive to smooth consumption save more money

and capital in levels, and hold a larger liquidity position on their assets. When faced with

positive inflation, these households reduce their liquidity position by both decreasing their

stock of money and increasing their stock of capital. This again results in increased wages

and output. The increase in income for the cases with smaller or more dispersed EIS is still

paired with lower consumption on average as in the benchmark case (Case 2), but these

cases do experience an increase in median consumption.

Two additional figures help gain further insight to the multiple-cohort model. Figure 6

illustrates the individual cohort results for Case 3 together with their weighted average. As

one would expect, households possessing larger risk aversion or self-insurance motives are the

larger savers of both money and capital, but households possessing the lowest risk aversion or

self-insurance motive are holding the most liquid portfolio at zero inflation by saving almost

entirely in money.16 All cohorts eventually converge to a similar money-capital ratio when

faced with positive inflation, but only the lowest risk averse households are reducing this ratio

by decreasing money while increasing capital. Notice in the middle-right panel illustrates

that the weighted average level of capital remains almost unchanged as inflation increases.

This is the result of inter-cohort transfers are not possible in the single-cohort model. When a

decrease in demand for capital from a cohort is met (or exceeded) with an increase from other

cohorts, then there are no general equilibrium factors placing downward pressure on wages

or output. It still works out that the more risk averse households are holding a relatively

more liquid portfolio, and this coincides with relative changes in consumption and welfare.

Figure 7 further illustrates how the average results displayed in Figure 6 can feed into

welfare results by comparing the consumption distributions of the cohorts in Case 3 under

zero and one percent inflation. One percent inflation was chosen for comparison because

this is the inflation rate where the cohorts in Case 3 received the largest welfare gains of

16Due to this cohort holding almost no capital at zero inflation on average, the extremely high money-to-
capital ratio is not illustrated in the figure.
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positive inflation. The figure illustrates that increasing inflation results in an increase in

consumption in the inter-quartile range of cohort 1 (the least risk averse), but decreases

for cohorts 2 and 3. Although these changes appear slight, two important details should

be noted. First, households in the lower portion of the consumption support in the least

risk averse cohort are on the steepest portion of their utility function and experience the

largest gains to consumption. Second, the least risk averse cohort makes up 50 percent of

the population (as in the data). Taken together, these results show that there are levels of

positive inflation where the gains to the winners are larger than the costs to the losers.17

4.5. Summary of Results

The results have shown that changes in preferences, within models populated by either

ex-ante or ex-post heterogeneous agents, can deliver qualitatively different welfare implica-

tions of long-run inflation. The main driver of these results are due to the liquidity position

of the households’asset holdings at zero percent, which is positively correlated with a house-

hold’s degree of risk aversion or motive to smooth consumption. The higher the liquidity

position at zero percent inflation, the larger the shift into illiquid assets at positive levels

of inflation. This shift in the liquidity position can deliver increases in output and income,

and can deliver reduced welfare costs and sometimes net welfare benefits relative to a bench-

mark model with traditional preferences. This section briefly discusses several additional

takeaways from the analysis.

The model results challenge several widely held beliefs on what fuels the welfare costs

of inflation. First, one common belief is that households who hold a more liquid portfolio

are the ones who find inflation more costly. This model suggests that households with the

highest liquidity position can be made better offby substituting their liquid assets for illiquid

assets made available by households with a lower liquidity position. Since these households

in the model were also the least risk averse and populated the lower end of the support of
17Note that the comparison of utility functions illustrated in Figure 1 provides intuition behind this

outcome, the utility functions are not directly comparable because they do not represent life-time utility.
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Figure 5: Multiple-Cohort Model: Calibrated Results
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the consumption distribution, the net welfare gain from these households increasing their

consumption can at times exceed the welfare loss of others. Second, results on the measures

of inequality from the model were not displayed because there was no general link between

the welfare implications and the impact on dimensions of inequality. Namely, the models

above all predict a large increase in liquid wealth inequality and a much smaller decrease in

illiquid wealth inequality in response to inflation. There is however little to no change in

total wealth inequality, income inequality, and consumption inequality. While one reason for

this result is that inelastic labor supply creates a large portion of household income (which

is identical for all households), another reason is that the impact of inflation on inequality

is netted out by some household cohorts experiencing an increase in inequality while others

experience a decrease. When the cohorts are aggregated into one population, the overall

changes in inequality are not directly relatable to changes in inflation.

This section concludes with a brief discussion of the robustness of the results. The

comparative statics exercise performed in the single-cohort model suggests that the general

mechanism behind the model is robust to changes in the key friction to the illiquid asset

market as well as to the size of the preference shocks, at least for low levels of inflation.

More formal sensitivity analyses were performed regarding the size of the resale value of

capital (pS) as well as the choices for the exact RA values to use from the distribution

estimated using the PSID. Changes in pS were found to not have much of an impact on

the results, because while one can imagine that a lower cost of liquidating capital would

place downward pressure on the liquidity position of households at zero inflation, it would

also make households more willing to substitute into the illiquid asset when faced with

positive inflation. When increasing the RA for the least risk averse cohorts, it was found

that the liquidity position of this cohort was reduced and therefore reduced the benefits from

inter-cohort transfers. However, this could be countered with adding more cohorts to the

environment with even lower risk aversion that have a proportional size as in the data. While

the results presented here used parameters arrived at under a great deal of conservatism and
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discipline, the main story goes through for a variety of parameters.

This analysis can also add to the debate on investment costs being fixed or convex. Ver-

sions of the model considering convex adjustment costs were unable to reproduce the welfare

conclusions reported here for one key reason. Convex adjustment costs deliver frequent and

small investment decisions, while the main mechanism of the model uses fixed adjustment

costs to deliver infrequent and lumpy investment decisions. Convex adjustment costs con-

strain the inflation-induced shift in the liquidity position of asset portfolios, and therefore

constrain the drastic difference in welfare implications due to changes in preferences. While

the results presented here are not robust to the form of capital adjustment costs, Kahn and

Thomas (2008) report that the majority of micro-evidence on firm-level investment behavior

favors fixed costs.

4.6. Application: The Euro Area

The models thus far utilized empirical estimates for the US risk aversion distribution,

and considered several possibilities for the EIS distribution due to lack of data. This section

presents an application that uses various EIS estimates for members of the euro area reported

by Havránek et al. (2015) to show that the general take away of the model holds when EIS

levels have an empirical foundation. In other words, the cohorts described above having

ex-ante heterogenous preferences but share a common monetary policy can be considered to

be ex-ante heterogeneous countries participating in a common currency union.

The application considers three countries from the euro area (Germany, Italy, and Spain),

as well as a single country (cohort) model using weighted average features of the countries for

comparison.18 Havránek et al. (2015) reports the average EIS of the households from each of

these three countries to be 0.080, 0.290, and 0.504, and it is assumed that all households have

the same RA of 2. The proportion sizes for each country were ϕG = 0.4378, ϕI = 0.3154,

18These three countries were chosen because they are among the most populous countries in the euro area.
France was not considered due to the weighted average EIS estimate reported by Havránek et al. (2015)
being negative.
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and ϕS = 0.2468 using 2017 population data. The EIS for the single-country model (0.251)

is a weighted average of the EIS from each country. All parameters with the exception of F

and θ remain at the values reported above.

Calibrating the model for this application uses measures of monetary velocity and the

median-mean ratio of the monetary distribution as in the previous sections. Households in

the euro area reportedly hold larger money balances than in the US, and monetary velocity

range between 0.5 and 1.5 at two percent inflation within these three countries.19 These

three countries, however, have an average median-mean ratio of the monetary distribution of

0.28 that is roughly similar to the US.20 The multiple-country model is unfortunately unable

to achieve these targets for monetary velocity and median-mean ratio by varying values for

F and θ. The parameter θ was used in the above analysis to fine-tune the median-mean ratio

while F was used to target velocity. A higher monetary velocity as in the euro area brings

with it a higher average stock of money as well as a larger median-mean ratio. The best

the multiple-country model can do is set F = 0.0078 and θ = 0.005 in order to achieve a

velocity of 2 and median-mean ratio of 0.33. In order to be consistent, the parameters of

the single-country model were set to F = 0.0162 and θ = 0.10 in order to match the same

targets achieved by the multiple-country model.

The results are illustrated in Figure 8 for aggregate measures and in Figure 9 for the

individual countries.21 Note that even though these countries share the same level of RA,

the same stories go through with respect to dispersion in EIS. In fact, the aggregate welfare

results of the multiple country model suggest that all positive inflation rates considered are

19Dreger & Wolters (2009) find a velocity of around 1 for the overall euro area around 1999. Inflation in
the euro area has been about 2 on average from 1991 to 2019 and was around 2 for the first decade of the
euro area. Velocity calculations for Germany, Italy, and Spain in 1999 were 0.5, 1, and 1.5 using nominal
GDP and M1. Nominal GDP was available through Bloomberg, and M1 was constructed from individual
country statistical institutes and central banks.

20Data for this ratio is available through the Eurosystem Household Finance and Consumption Survey.
It is the simple average of median-mean ratios for sight accounts (i.e. checking accounts) across Germany
(0.25), Italy (0.17), and Spain (0.42).

21Note that the model assumes perfect mobility of labor and capital such that all countries share the same
factor prices. While the European Single Market guaranteeing free movement for goods, services, people,
and capital has been in effect since 1993, the model assumption of perfectly identical prices is counterfactual
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preferred to no inflation. This is again due to the shift in the consumption distributions of

all countries delivering more winners from inflation than losers. The single country version

shows some welfare gains at low levels of inflation, but these gains do not persist due to

the lack of inter-cohort transfers. The country-specific results presented in Figure 9 illus-

trate these transfers. First, Germany having the highest motive to smooth consumption

displays the largest holdings of money and capital, but the lowest liquidity position at zero

percent inflation. When faced with positive inflation, Germany reduces its holdings of both

money and capital while the other two countries reduce their liquidity position by decreas-

ing money holdings and increasing capital holdings. The gains in capital win out and result

in an increase in overall output and wages. It follows from the previous discussions that

Italy and Spain experience welfare benefits from inflation due to larger average and median

consumption. Germany still experiences welfare benefits even though it experiences smaller

consumption in both the average and the median. Even for the country with the highest mo-

tive to smooth consumption, there are more households benefitting from long-run inflation

than not.

5. Conclusion

This paper examined the welfare implications of long-run inflation in an environment

with essential money, a competing illiquid asset, and potential ex-ante heterogeneity of

households with respect to their behavioral measures of risk aversion and elasticity of in-

tertemporal substitution. The results show that the relative liquidity position of households’

portfolios as well as potential inter-cohort transfers of resources can deliver fewer welfare

costs to inflation than has been previously reported, and in some instances net welfare ben-

efits to low levels of positive inflation. While not being definitive on the long-standing topic

of the welfare costs of inflation, the contribution of this paper supports that households’

attitudes towards consumption smoothing and risk are crucial when assessing the welfare
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Figure 8: Multiple-Country Model: Aggregate Results
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Figure 9: Multiple-Country Model: Individual Countries
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implications of long-run monetary policies.

The model made two assumptions which may not be innocuous. First, the model assumed

that households inelastically supplied their labor endowment. While this assumption allowed

for the model to have essential money yet be as parsimonious as possible, it is not clear if

allowing for elastically supplied labor will change the results. On one hand, households would

be able to increase labor supply when faced with positive inflation, so an asset portfolio

with a high liquidity position might not be as important. However, increasing labor in

response to inflation would fuel the increase in output as well as make the illiquid asset

more attractive. One way of addressing this issue would be to consider multiple cohorts in

the model developed by Wen (2015), that combines essential money and elastically supplied

labor through a specific timing realization of shocks and labor supply decisions. The second

assumption made in the environment here is that all households receive an identical monetary

transfer under positive inflation. While a standard assumption in most monetary models, it is

again not clear if this is an important driver of the welfare results. There are many ways one

can introduce monetary injections into the proposed environment, such as distributing new

money to those active (or inactive) with the capital market, or proportional to their levels of

capital, consumption, or even money balances. The last option is of interest because most

models have shown that money injections proportional to a household’s money balances have

no real effects. This only holds when all households are holding positive money balances.

If some households hold an entirely illiquid asset portfolio, then proportional monetary

injections could have real effects. These issues are left for future research.
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A Calculation of Welfare

Quantifying the welfare implications of long-run monetary policy follows Camera and
Chien (2014), who define a compensated value function and then calculate its value via iter-
ation. This calculation is done for each cohort independently, so welfare costs are calculated
as a percentage of that cohort’s own consumption. Aggregate welfare costs are calculated as
a fraction of total consumption similar to the age-cohort welfare aggregation performed by
Cao et al. (2018).

Let ω := (m, k, h, θ) denote the state vector. Fix π = 0 and define Vj0 (ω) as
the value function for a cohort-j household with state vector under zero inflation. Using
the distributions of asset holdings for each cohort j under zero inflation

(
φj0 (ω)

)
, average

welfare under zero inflation for cohort j (Wj0) and given by

Wj0 :=
∑
h∈H

∑
θ∈Θ

∫
m∈M

∫
k∈K

Vj0 (ω)φj0 (ω) dmdk. (6)

The welfare cost of inflation π > 0 is a standard compensating variation measure. It is the
percentage adjustment in consumption that leaves the household indifferent, ex ante, between
inflation π and zero inflation. Define cjπ (ω) , m′jπ (ω) , and k′jπ (ω) to be the optimal decisions
of the cohort-j household with state ω under π inflation. Let ω′jπ :=

(
m′jπ (ω) , k′jπ (ω) , h′, θ′

)
denote the state resulting from current decisions m′jπ (ω) and k′jπ (ω) for a cohort-j house-
hold. Given that consumption is adjusted by the proportion ∆jπ each period, define the
compensated value function V̂jπ (ω) by

V̂jπ (ω) := (1 + θ)
(∆jπcjπ (ω))1−γj

1− γj
− β

[
E
(
−V̂jπ

(
ω′jπ
))1−εj

] 1
1−εj

. (7)

For a proposed compensation value ∆jπ, the compensated value function can be determined
using the cohort-j household’s decision rules via iteration.22 Once the compensated value
functions are calculated over all possible states and all household types, average welfare
under inflation π is defined as

Wjπ :=
∑
h∈H

∑
θ∈Θ

∫
m∈M

∫
k∈K

V̂jπ (ω)φjπ (ω) dmdk. (8)

22Note that since the decision rules are taken as given, this is not a maximization step of a value function
iteration. This can be thought of along the lines as a Howard updating iteration that is continued up to
convergence to a specified tolerance.
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Since Wjπ is a function of ∆jπ, the last step involves finding the correct amount of com-
pensation such that cohort-j households are indifferent between zero inflation and π > 0
inflation, on average (Wj0 = Wjπ) . The resulting welfare costs are given in percentage terms
by ∆∗jπ = (∆jπ − 1) × 100%. When ∆∗jπ > 0, the every cohort-j household is indifferent
between zero inflation and π inflation after being compensated with ∆∗jπ percent more con-
sumption on average.
When the economy is only populated by one cohort, the welfare calculation above is total

welfare. When the economy features multiple cohorts, total welfare must be calculated as a
fraction of total consumption. Let cTj denote total consumption of cohort j, and c

T denote
total consumption aggregated across cohorts. Welfare as a percentage of total consumption
is given by

∆∗π =

∑
j

∆∗jπc
T
j

cT
(9)
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