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Abstract:

This paper uses neoclassical demand theory and applied consumption analysis to calculate
the welfare cost of inflation, in the context of the Bailey (1956) approach. We integrate the
demand for money with the demands for consumption and leisure, estimate flexible demand
functions in a systems context, and show that raising the inflation rate from 2% to 4% in the
United States, would impose (on average) a welfare cost equivalent to a loss of 0.30 percent of
output when money is measured by our preferred (broad) Divisia M4 monetary aggregate.
We also show that the welfare cost of inflation is countercyclical and trends upward over
time.

JEL classification: C22, C32, C51, E41, E42, E52.
Keywords: Flexible functional forms; Normalized Quadratic demand system; Divisia

monetary aggregates.
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1 Introduction

This paper provides a major advance to the literature on measuring the welfare cost of infla-
tion that results from the use of more sophisticated demand for money function specifications
and broad Divisia monetary aggregates. We calculate the welfare cost of inflation, in the
context of the Bailey (1956) approach, using the flexible Normalized Quadratic expenditure
function, paying explicit attention to the demand interactions among consumption goods,
leisure, and money. We show that raising the inflation rate from 2% to 4% in the United
States, as it has been suggested in the aftermath of the global financial crisis, would impose
a welfare cost equivalent to a loss of 0.30 percent of output when money is measured by the
Center for Financial Stability (CFS) Divisia M4 monetary aggregate. This is a sizable cost,
which ought to be taken seriously by those who argue that raising the inflation target is a
good way of avoiding the stabilization challenges posed by the zero-lower-bound constraint
on the Fed’s policy rate.
Background. One method for calculating the welfare cost of inflation is the Bailey

(1956) approach, associated with consumer surplus analysis in the literature of public finance
and applied microeconomics. It has been pursued by Lucas (2000), Cysne (2003), Ireland
(2009), Mogliani and Urga (2018), and Dai and Serletis (2019). In this approach, the welfare
cost of inflation is defined as the change in the area under the inverse money demand curve
corresponding to the change in the holdings of real money balances – the consumer surplus
that can be gained by reducing the nominal interest rate, R, from a positive level to zero.
In this approach, the first step in the calculation of the welfare cost of inflation is the
estimation of a money demand function, m(R), with m being the ratio of nominal money
balances to nominal income. In general, two money demand specifications have dominated
the literature since the 1960s – the semi-log, adapted from Cagan (1956), and the log-log,
inspired by Meltzer (1963). In particular, Lucas (2000), using annual U.S. data, over the
period from 1900 to 1994, uses the log-log specification, defines the money supply as simple-
sum M1, assumes an interest elasticity of −0.5 (as in the Baumol-Tobin model), and reports
a welfare cost of inflation of about 1% of real income per year if the annual inflation rate
is 10%. However, Ireland (2009) argues that the semi-log specification provides a better
fit to quarterly U.S. data over the post-1980 period. Using the simple-sum M1 monetary
aggregate and quarterly data from 1980:q1 to 2006:q4, he estimates the welfare cost of
inflation to be around 0.23% of real income per year (if the annual inflation rate is 10%),
which is significantly lower than Lucas’s (2000) estimate.
More recently, motivated by a vast literature devoted to money demand instability issues

– see, for example, Goldfeld (1976), Judd and Scadding (1992), and more recently Lucas
and Nicolini (2015) and Benati et al. (2020) – Mogliani and Urga (2018), using annual data,
over the period from 1900 to 2013, find structural breaks and estimate a substantially lower
welfare cost of inflation after 1976. Also, Dai and Serletis (2019) use the Markov switching
approach, associated with Hamilton (1989), quarterly data from 1967:q1 to 2013:q4, make
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a distinction between the simple-sum M1 monetary aggregate and the Divisia M1 monetary
aggregate, following Lucas’s (2000) suggestion “to replace M1 with an aggregate in which
different monetary assets are given different weights,” and find that the welfare cost of
inflation declined significantly (by close to 50%) after the 1980s. However, the issue regarding
the welfare cost of inflation is not closed, as there are studies reporting welfare cost estimates
that are much larger than those just mentioned. For example, Bullard and Russell (2004),
in the context of a quantitative-theoretic general equilibrium model of the U.S. economy,
report that “a permanent, 10-percentage-point increase in the inflation rate – a standard
experiment in this literature – imposes an annual welfare loss equivalent to 11.2 percent of
output.”More recently, Ascari et al. (2018) use an augmented dynamic stochastic general
equilibrium model and report that increasing trend inflation from 2% to 4% generates a
consumption-equivalent welfare loss of about 4%. Also, Kurlat (2019), in the context of a
model in which bank deposits pay interest, reports that a one percentage point increase in
inflation has a welfare cost of 0.086% of GDP, which is 6.9 times higher than traditional
estimates.
Contribution. We develop a new approach to measuring the welfare cost of infla-

tion, within the Bailey (1956) consumer surplus framework. Instead of assuming money
demand specifications such as the log-log and semi-log forms, we take a microeconomic-
and aggregation-theoretic approach to the demand for money and monetary assets. Our
approach allows estimation in a systems context, assuming a flexible functional form for
the representative agent’s utility function, based on the dual approach to demand system
generation developed by Diewert (1974) – see, for example, Barnett et al. (1992), Bar-
nett (1997), Barnett and Serletis (2008), Jadidzadeh and Serletis (2019), and Serletis and
Xu (2020), among others. In doing so, we also consider the demand interactions between
goods, leisure, and money, consistent with earlier work by Abbott and Ashenfelter (1976),
Barnett (1979), and Serletis and Xu (2021), suggesting that such interactions are likely to
be substantial and of significant quantitative importance. We investigate the demand for
consumption goods, leisure, and money in the United States in the context of the locally
flexible Normalized Quadratic (NQ) expenditure function, developed by Diewert and Wales
(1988), paying explicit attention to theoretical regularity, as suggested by Barnett (2002).
Most of the papers on the welfare cost of inflation have used the standard (simple sum)

M1 monetary aggregate, as Lucas (2000) did. The exception is Dai and Serletis (2019) who
also use the Divisia M1 aggregate, following Lucas’s (2000) suggestion to replace simple sum
M1 with an aggregate in which different assets are given different weights, and the ‘NewM1’
aggregate of Lucas and Nicolini (2015), which augments the standard M1 aggregate with
money market deposits accounts (MMDAs). But Lucas (2000, p. 270-271) also said the
following: “I share the widely held opinion that M1 is too narrow an aggregate for this
period [the 1990s], and I think that the Divisia approach offers much the best prospects
for resolving the diffi culty.”In other words, what Lucas (2000) was suggesting was not just
to switch from simple sum M1 to Divisia M1, but to switch to broader Divisia monetary
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aggregates, for which the change from simple sum to Divisia is very important. The need for
the use of properly weighted broader aggregates in measuring the welfare cost of inflation
has also been recognized by Kurlat (2019) and Cysne (2003); the latter computed the welfare
cost of inflation with a broad Divisia monetary aggregate.
In this paper we use the broader Divisia monetary aggregates, as suggested by Lucas

(2000), to provide better measures of the welfare cost of inflation. As is well known in the
literature on modeling demand for consumer goods, aggregation internalizes substitution
effects, thereby decreasing the number of explanatory variables in the model, needed to
account for substitutes and complements. Modeling demand for any goods at the lowest
levels of aggregation is always more diffi cult than at higher levels of aggregation. As a
result, demand models are likely to be most unstable at the M1 level of aggregation and
our conclusions regarding the welfare cost of inflation will undoubtedly change with broader
Divisia monetary aggregates. We use quarterly data for the United States, over the period
from 1967:q1 to 2019:q4; this sample period is dictated by the availability of the Divisia
monetary aggregates. In particular, we use the new Divisia monetary aggregates (and their
corresponding user costs), maintained within the CFS program Advances in Monetary and
Financial Measurement (AMFM), called CFS Divisia aggregates and documented in detail in
Barnett et al. (2013). The broad CFS Divisia monetary aggregates have also been favored in
the empirical analyses by Jadidzadeh and Serletis (2019), Serletis and Xu (2020), and Dery
and Serletis (2021).
Layout. The rest of the paper is organized as follows. Section 2 sketches related neo-

classical demand theory and applied consumption analysis. Section 3 presents the NQ ex-
penditure function, derives the associated system of budget share equations, and discusses
the Diewert and Wales (1988) method of imposing global concavity with the objective of
achieving theoretical regularity. Section 4 discusses the data and related econometric issues.
Section 5 discusses the method for calculating the welfare cost of inflation in the context of
the Bailey (1956) approach, presents the empirical results, and investigates the robustness
of the results to the use of broader Divisia monetary aggregates. The final section contains
concluding remarks.

2 Neoclassical Demand Theory

Let’s consider an economy with identical households with the following utility function

u = u (c, `,m, a) (1)

where c is real consumption, ` is leisure time, m is the real Divisia M1 aggregate (containing
the first five monetary assets listed in Table 1 – currency, x1, traveler’s checks, x2, demand
deposits, x3, other checkable deposits at commercial banks, x4, and other checkable deposits
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at thrift institutions, x5). In equation (1), a denotes another real Divisia monetary aggregate
which includes the non-M1 monetary assets listed in Table 1 – assets x6 to x15.
The representative household’s optimization problem can then be written as

max
x

u(x) subject to p′x ≤ y (2)

where x = (c, `,m, a), p is the corresponding vector of prices, and y denotes the total
expenditure on x. The solution of the first-order conditions is the Marshallian demand
functions

x = x(p, y) (3)

and the indirect utility function h (p, y).
Since the Marshallian demand functions are homogenous of degree zero in p and y, we

could also write the demand system (3) in budget share form as

s = s (v)

where s = (s1, ..., sn)′, with sj = pjxj(p, y)/y, is the expenditure share of good j, and
v denotes the income normalized price vector, p/y, with the jth element vj = pj/y. An
effective method to derive the demand system in budget share form is to apply Diewert’s
(1974) modified version of Roy’s identity to the indirect utility function, h(p, y). See Barnett
and Serletis (2008) for more details.

3 The Normalized Quadratic Model

In this paper, we derive the demand system by approximating the corresponding expenditure
function. In doing so, we use the flexible functional forms method to the approximation of
aggregator functions. The advantage of this method is that the corresponding demand system
will adequately approximate systems resulting from a broad class of aggregator functions. We
follow Jadidzadeh and Serletis (2019) and use the normalized quadratic (NQ) expenditure
function, introduced by Diewert and Wales (1988). The NQ function can approximate an
arbitrary twice continuously differentiable function to the second order at an arbitrary point
in the domain. Moreover, the theoretical concavity (or curvature) conditions for this function
can be imposed globally without losing its flexibility property.
In particular, the NQ expenditure function is

C (p, u) = θ′p+

(
b′p+

1

2

p′Bp

α′p

)
u (4)

where θ = (θ1, . . . , θn)′, b = (b1, . . . , bn)′, and the elements of the n×n matrix B ≡ [βij] are
the unknown parameters to be estimated. We follow Diewert and Wales (1988) and impose
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the following restrictions

n∑
i=1

αip
∗
i = 1, αi ≥ 0 ∀i (5)

n∑
i=1

θip
∗
i = 0 (6)

and
n∑
j=1

βijp
∗
j = 0 ∀i and βij = βji, ∀i, j (7)

where p∗ � 0n is a reference (or base-period) vector of normalized prices, determined in
such a way that p∗ = 1n. The non-negative vector α = (α1, . . . , αn)′ is predetermined as a
vector of ones (α = 1n) – see Diewert and Wales (1988) for more details.
The NQ demand system in budget share form is

s (v) = v̂θ + v̂
b+ (α′v)−1Bv − 0.5(α′v)−2v′Bvα

b′v + 0.5 (α′v)−1 v′Bv
× (1−αv) (8)

where v̂ is the n × n diagonal matrix with normalized prices on the main diagonal, and
1n = [1, . . . , 1]′ is a vector of ones. It is to be noted that the NQ demand system (8) has
(n2 +n)/2 + 2n linearly independent parameters to be estimated. Also, the concavity of the
NQ expenditure function may not be satisfied, in the sense that the estimatedB matrix may
not be negative semidefinite. In that case, we follow Diewert and Wales (1988), and impose
global concavity by setting B = −KK ′, where K = [kij] is a lower triangular matrix.
See Diewert and Wales (1988) for more details. It is to be noted that we do not impose
monotonicity. In this regard, while it is possible to impose monotonicity at a point without
harming flexibility, global imposition of monotonicity harms flexibility.

4 Data and Econometric Issues

4.1 The Data

We use quarterly data for the United States, over the period from 1967:q1 to 2019:q4.
The personal consumption expenditure series and its price index (the PCE deflator), p1,
are from the Federal Reserve Bank of St. Louis. We convert the personal consumption
expenditure series into real per capita terms by dividing by the product of the PCE deflator
and population. We use average hourly earnings and average weekly hours of production
and non-supervisory employees from the Federal Reserve Bank of St. Louis, and calculate
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leisure time as in Hjertstrand et al. (2016), who calculate leisure time as 98 hours per week
minus average hours worked per week.
For each of the 15 monetary assets listed in Table 1, we use quantity and user cost data

from the Center for Financial Stability. See Barnett et al. (2013) for details regarding the
data. All the monetary quantity series are deflated by the CPI and total population to be
converted to real per capita terms. We then use the Divisia index to calculate each of m
and a, and their prices (user costs), p3 and p4, respectively. For example, a Divisia quantity
index is calculated as follows

logmt = logmt−1 +

n∑
j=1

w∗jt(log xjt − log xj,t−1) (9)

where w∗jt = (1/2)(sjt + sj,t−1), for j = 1, ..., n, is the weighted average of the growth rates
of the component quantities, with sjt = πjtxjt/

∑n
k=1 πktxkt being the expenditure share of

asset j during period t, and πjt the real user cost of asset j, derived in Barnett (1978, 1980)
as

πjt =
Rt − rjt
1 +Rt

(10)

where rjt is the yield on the jth asset and Rt is the yield on an alternative asset (called
benchmark asset). Similarly, the user costs of m and a are Divisia price index calculated as

log pt = log pt−1 +
n∑
j=1

w∗jt(log πjt − log πj,t−1). (11)

Thus, the Divisia M1 monetary aggregate and its user cost, p3, are calculated using (9) and
(11), respectively, with j = 1, ..., 5 (using assets x1 to x5 in Table 1). Similarly, a and its
user cost, p4, are calculated in a similar way, with j = 6, ..., 15 (using quantity and user cost
data for assets x6 to x15 in Table 1).
In general, Divisia indices are normalized to 100 in the first observation. In this paper,

we initialize the calculation of the Divisia price indices for each of m (Divisia M1) and a
(Divisia (M4-M1)) by letting the first observation (in 1967:q1) be

∑n
j=1w

∗
j2 log πj1.

4.2 Stochastic Specification and Estimation

In order to estimate demand systems such as (8) with time series data, a stochastic version is
generally specified, assuming that the observed share in the jth equation deviates from the
true share by an additive disturbance term εj. The stochastic specification can be written
in matrix notation as

st = s (vt;θ) + εt (12)
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where εt = (ε1t, ..., εnt)
′ is a vector of classical disturbance terms and θ is the parameter

vector to be estimated. It is also typically assumed that the resulting disturbance vector ε
is a classical disturbance term, εt ∼ N (0,H), where 0 is a null vector and H is the n× n
symmetric positive definite error covariance matrix.
Note that since the shares in (12) satisfy the adding up property (that is, they sum to one)

and thus the errors also satisfy adding up (they sum to zero), the error covariance matrixH
is singular. This introduces a technical problem when the demand system is estimated, since
either generalized least squares or maximum likelihood (ML) needs to invert the covariance
matrix, H. Barten (1969) show that maximum likelihood estimates can be obtained by
arbitrarily dropping any good (or, equivalently, equation) in the system.
Also, the NQ is a flexible functional form, in the sense that it provides a fixed base-period,

second-order approximation to an unknown function at the point of approximation v = 1.
According to Ryan and Wales (1998), any data point can serve as the approximation point.
In this paper, we normalize each of vjt, j = 1, 2, 3, 4, to equal 1 in the second quarter of 1967,
consistent with our initialization of the Divisia price indices in the calculation of p3 and p4.

5 Empirical Evidence

We perform Bayesian estimation with the Random Walk Metropolis-Hastings method as in
Koop (2003), based on the values initially taken from the maximum likelihood estimation.
We use 5000 burn-in draws and analyze another 10000 draws after the burn-in phase for the
median in the posterior. The fraction of accepted draws is around 23% as in Gelman et al.
(2004). Moreover, autocorrelation plots (available on request) show no significant correlation
for each parameter.
We report the median value of each parameter of the NQ model, together with the 16%-

84% credible interval, in column 1 of Table 2, under Divisia M1. The model is estimated with
the curvature conditions imposed and all three theoretical regularity conditions (positivity,
monotonicity, and concavity) are satisfied at every point in the data set.

5.1 Elasticities

To interpret the parameters, we turn to an examination of the full set of elasticities –
income elasticities, own- and cross-price elasticities, and the Allen and Morishima elasticities
of substitution. All elasticities reported in this paper are mean elasticities, calculated based
on the formulas used by Serletis and Shahmoradi (2005), and acquired using numerical
differentiation.
We report the income elasticities in panel A of Table 3, for each of the four goods,

c, `, m, and a. The income elasticities, ηc, η`, and ηa, are all positive, suggesting that
c (consumption), ` (leisure), and a (Divisia (M4-M1)) are all normal goods. However, m
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(Divisia M1) has a negative income elasticity, ηm = −0.0380, with a standard error of 0.0136,
suggesting that Divisia M1 money is an inferior good. Economic theory does not rule out
inferior goods, but the result that Divisia M1 is an inferior good might be counterintuitive.
However, it is consistent with changes in the financial system over time that reduced the share
of traditional forms of financial intermediation. In particular, starting in the early 1980s, in
response to interest-rate volatility and improvements in computer and telecommunications
technology, as well as in an effort to avoid existing regulations, the U.S. banking sector went
through a period of significant financial innovation which led to the growth of the shadow
banking system. As Lucas and Nicolini (2015) argue, these changes substantially increased
the availability of alternative means of payments.
In panel B of Table 3 we show the own- and cross-price elasticities for the four goods.

The own-price elasticities, ηii, are all negative (as predicted by the theory), with the absolute
values of these elasticities being less than 1, which indicates that the demands for all four
goods are inelastic, with leisure being more inelastic (η`` = −0.0596 with a standard error
of 0.0004), followed by Divisia (M4-M1) money (ηaa = −0.2331 with a standard error of
0.0025) and Divisia M1 money (ηmm = −0.2872 with a standard error of 0.0051). For the
cross-price elasticities, ηij, economic theory does not predict any signs, but we note that
most of the off-diagonal terms are negative, indicating that the goods taken as a whole are
gross complements.
In addition to the standard Marshallian income and price elasticities, in Tables 4 and

5 we show estimates of the Allen and Morishima elasticities of substitution, respectively.
In Table 4, we expect the four diagonal terms, representing the Allen own-elasticities of
substitution for the four goods to be negative. This expectation is clearly achieved. However,
because the Allen elasticity of substitution produces ambiguous results off-diagonal, we use
the Morishima elasticity of substitution to investigate the substitutability/complementarity
relation between goods. Based on the Morishima elasticities of substitution – the correct
measures of substitution [see Blackorby and Russell (1989)] – as documented in Table 5,
the goods are Morishima substitutes, except for σmmc (σ

m
mc = −0.3838 with a standard error

of 0.0076). Moreover, all Morishima elasticities of substitution are less than one.

5.2 The NQ Divisia Money Demand Function

As already noted, most of the studies regarding the welfare cost of inflation consider two
standard specifications that have dominated the literature since the 1960s – the semi-log
and the log-log specifications. In this paper we use a more sophisticated new specification
for money demand, derived in a systems context, to measure the welfare cost of inflation.
In particular, the demand for Divisia M1 money can be obtained by writing the third
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equation of the NQ demand system (8), w3 = p3x3(p, y)/y, as

x3t =
yt
p3t


θ3v3t +

b3 +

(∑n

j=1
βijvit

)
(∑n

i=1
αivit

) − 1
2

(
αi

∑n

k=1

∑n

j=1
βkjvktvjt

)
(∑n

i=1
αivit

)2

∑n

i=1
bivit + 1

2

(∑n

i=1

∑n

j=1
βijvitvjt

)
(∑n

i=1
αivit

)
×
(

1−
n∑
i=1

θivit

)
vit


(13)

where, as noted earlier, νjt = pjt/yt. In particular, ν1t is the expenditure-normalized price
of c, ν2t that of `, ν3t = p3t/yt, with p3t being the user cost of Divisia M1, and ν4t = p4t/yt,
with p4t being the user cost of the Divisia (M4-M1) aggregate.
According to (13), the demand for Divisia M1 money depends on the total expenditure

on consumption goods, leisure, and the services of monetary assets, yt, and also captures
the demand interactions between the four goods, c, `, m, and a. In particular, the demand
for Divisia M1 money depends on the price of consumption goods, the wage rate, the user
cost aggregate of Divisia M1, and the user cost aggregate of the substitute assets (listed in
Table 1). To get an idea of how well the NQ demand system captures the demand for Divisia
M1 money, in panel A of Figure 1 we plot the real per capita Divisia M1 money demand
against the nominal interest rate, R, over the period from 1967:q1 to 2019:q4. Clearly, there
is a negative relation between the nominal interest rate and the real Divisia M1 money
demand by the representative consumer. In panel B of Figure 1 we plot the fitted NQ
real per capita Divisia M1 money demand, evaluated at the maximum likelihood parameter
estimates presented in Table 2, which are consistent with theoretical regularity. Clearly, the
NQ model provides a very good fit of the sample of quarterly data.

5.3 The Welfare Cost of Inflation

The NQ Divisia M1 money demand function (13) depends on 15 interest rate spreads (see
equation (10))

ςjt = Rt − rjt
for j = 1, ..., 15, five for those assets included in the Divisia M1 monetary aggregate and ten
for the remaining assets (see Table 1). We follow Kurlat (2019) and model these interest
rate spreads as a linear function of the nominal (benchmark) interest rate, R, as follows

ςjt = φj0 + φj2Rt (14)

for j = 1, ..., 15; the benchmark interest rate is the one used by the Center for Financial
Stability. Appendix Figure A1 shows scatterplots of the interest rate spreads, ςjt for j =
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1, ..., 15, against the benchmark interest rate, Rt, based on post-1980 data.1 The scatterplots
for currency, traveler’s checks, and demand deposits are not shown, since these assets pay
no interest and their spreads are just the benchmark interest rate (thus, producing the 450

line). All the scatterplots show a positive association, suggesting that the hypothesized
linear relation (14) is adequate. We then use ordinary least squares (OLS) to estimate the
parameters in (14), for j = 1, ..., 15, as in Kurlat (2019).
As noted earlier, we initialized the calculation of the Divisia price indices for each of Di-

visia M1 and Divisia (M4-M1) by letting the first observation (in 1967:q1) be
∑n

j=1w
∗
j2 log πj1.

We also write (11), after using (10), in 1967:q2, as

p =
n∏
j=1

π
s∗j
j =

n∏
j=1

(
R− rj
1 +R

)s∗j
(15)

with j = 1, ..., 5 in the case of p3 and j = 6, ..., 15 in the case of p4. Substituting the (fitted)
equation (14) into (15) allows us to express the user cost of Divisia M1, p3, and the user cost
of the Divisia (M4-M1), p4, as follows

p3 =
3∏
j=1

(
Rt

1 +Rt

)s∗jt ( φ̂j0 + φ̂j2Rt

1 +Rt

)s∗4t
(
φ̂j0 + φ̂j2Rt

1 +Rt

)s∗5t

(16)

p4 =
15∏
j=6

(
φ̂j0 + φ̂j2Rt

1 +Rt

)s∗jt

. (17)

We substitute equations (16) and (17) in (13), to get the money demand function as
function of the nominal interest rate, R, holding all other variables constant, at the point of
approximation, v = 1, x3(R). Then the welfare cost of inflation, ω(i), can be calculated as

ω(R) =

∫ m(0)

m(R)

Ψ(x)dx =

∫ i

0

m(x)dx−Rm(R).

For example, assuming a steady state real interest rate of 3%, the cost of (say) a 10% inflation
rate is

ω(0.10) =

[∫ 0.13

0

x3 (R) dR− 0.13x3(0.13)

]
−
[∫ 0.03

0

x3 (R) dR− 0.03x3(0.03)

]
. (18)

with the integrals in equation (18) being calculated using the integral function in Matlab.

1With data points from the full sample, some of the scatterplots show evidence of a structural shift,
potentially reflecting the lifting of interest rate regulations and the introduction of new types of deposit
accounts in the early 1980s.
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To provide a comparison with the estimates available in the literature, we convert the
real per capita welfare cost of inflation to nominal terms (multiplying by the CPI), then
in aggregate terms (multiplying by total population), and finally express it as a fraction of
income (dividing by nominal GDP). Since one of the recent developments that motivates
the paper is the possibility that the central bank will raise its inflation target from 2% to
3%, 4%, or maybe even 5% as a way of mitigating the importance of the zero lower bound
on interest rates, in panel C of Figure 1 we present the (time-varying) welfare costs of 2%,
3%, 4%, 5%, and 10% inflation rates (for comparison purposes), relative to the benchmark
of zero inflation.
As can be seen, our estimates of the welfare cost of inflation are time-varying, trend

noticeably upward over time, and are generally higher during economic contractions. The
welfare cost of 10% inflation is significantly higher than the welfare costs of 5%, 4%, 3%, and
2% inflation, with the mean values, over the quarterly sample period from 1967:q1 to 2019:q4,
being 0.7325% and 0.3848%, 0.3093%, 0.2322%, and 0.1542%, respectively. Moreover, the
welfare cost estimate of 10% inflation is about two thirds of that reported by Lucas (2000)
and significantly higher than the estimates reported by Ireland (2009) and Dai and Serletis
(2019).

5.4 The Welfare Cost of Inflation with Broad Divisia Money

The results presented so far on the welfare cost of inflation with the Divisia M1 monetary
aggregate are directly comparable with those in the literature. But as noted in the Introduc-
tion, M1 is too narrow an aggregate for cost of inflation analyses, and the cost of inflation
with broader monetary aggregates will provide a bigger picture of the impact of inflation
changes on people’s welfare. Moreover, it will be informative to the monetary authorities
when designing and evaluating monetary policies. With this in mind, in this section we
investigate robustness of the inference to broader Divisia monetary aggregates, as suggested
by Lucas (2000), to provide better measures of the welfare cost of inflation. In doing so, we
also use proper user-cost price measures, that are dual to the corresponding broader Divisia
monetary aggregates, as the ‘price of money.’
We consider three optimization problems, similar to that in (2), one for each of the

Divisia M2, Divisia M3, and Divisia M4 monetary aggregates. In particular, in the Divisia
M2 demand system, m is a Divisia aggregate consisting of assets x1 to x10 (in Table 1), and
a is the Divisia (M4-M2) aggregate, consisting of the substitute assets x11 to x15. In the
Divisia M3 demand system, m is a Divisia aggregate consisting of assets x1 to x13, and a is
the Divisia (M4-M3) aggregate, consisting of assets x14 and x15. Finally, in the Divisia M4
demand system, we have a three good model – c (consumption), ` (leisure), and m (Divisia
M4). It is to be noted that for the specifications where m corresponds to Divisia M1, Divisia
M2, and Divisia M3, the total welfare cost of inflation might be considered to include not
only the ineffi cient reduction in m but also the ineffi cient reduction in the monetary assets

13



in the separable aggregate a, as in response to higher nominal interest rates, the opportunity
cost of assets in both a and m rises. However, in the Divisia M4 demand system (which is
our preferred demand system), there are no substitute assets, since all assets are internalized.
We estimate each of the three new NQ demand systems using the same Bayesian approach

and with the curvature conditions imposed. We present the parameter estimates in columns
3, 4, and 5 of Table 2 for each of the Divisia M2, Divisia M3, and Divisia M4 demand
systems, respectively. We evaluate the ML parameter estimates by calculating the income
elasticities, own- and cross-price elasticities, and the Allen and Morishima elasticities of
substitution, which we report in Appendix Tables A1-A3, together (for comparison purposes)
with those from the Divisia M1 demand system. As can be seen in Appendix Table A1,
the expenditure elasticities are all positive and statistically significant, ηDivisia M2 = 0.0821,
ηDivisia M3 = 0.2586, and ηDivisia M4 = 0.3720, and the own-price elasticities are all negative
with the absolute values less than 1. Also, the Allen own-elasticities of substitution are all
negative, as predicted by theory (see Appendix Table A2), and the Morishima elasticities of
substitution in Appendix Table A3 indicate Morishima substitutability, except again for the
Morishima elasticities of substitution between consumption goods and money when the price
of money changes, σmmc, (σ

m
Divisia M2, c = −0.6491, σmDivisia M3, c = −0.6042, and σmDivisia M4, c =

−0.5172). Moreover, the Morishima elasticities of substitution are always less than 1 and
rather stable across different levels of Divisia monetary aggregation.
In panel A of Figures 2-4, we plot the real per capita Divisia money demand against the

nominal interest rate, for each of the Divisia M2, Divisia M3, and Divisia M4 aggregates,
respectively, in a similar fashion as we did in panel A of Figure 1 with the Divisia M1
aggregate. Again, we observe a negative relation between the nominal interest rate and
the real per capita Divisia money demand. To see how well each of the three NQ demand
systems captures the demand for money, in panel B of Figures 2-4 we plot the fitted NQ real
per capita Divisia money demand, again evaluated at the ML parameter estimates presented
in columns 3, 4, and 5, respectively, of Table 2. As can be seen, the NQ model consistently
delivers a good fit of the sample of quarterly data, over the period from 1967:q1 to 2019:q4.
We present the (time-varying) welfare costs of 2%, 3%, 4%, 5%, and 10% inflation rates

in panel C of Figures 2-4, for each of the Divisia M2, Divisia M3, and Divisia M4 aggregates,
as we did in panel C of Figure 1 with the Divisia M1 aggregate. In general, the welfare
cost of inflation increases with the level of aggregation, being higher at the M4 level. To
summarize the results, we present the mean welfare cost estimates of 2%, 3%, 4%, 5%, and
10% inflation rates in Table 6, for each monetary aggregate. We see that the welfare cost
of a 10% inflation rate with the Divisia M4 aggregate is 1.40% of GDP. This is almost 50%
higher than the estimate reported by Lucas (2000) with the annual data (from 1900 to 1994),
the log-log money demand specification, and the simple-sum M1 monetary aggregate. It is
also an order of magnitude larger than the estimates reported by Ireland (2009) and Dai and
Serletis (2019) with the quarterly data, the semi-log money demand specification, and the
sum M1 and Divisia M1, respectively, monetary aggregates.
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This raises the question of which monetary aggregate to use in measuring the welfare cost
of inflation. In answering this question, Jadidzadeh and Serletis (2019) address the issue of
optimal monetary aggregation in the context of a large demand system, encompassing the
full range of monetary assets listed in Table 1. In addition to providing evidence, based on
disaggregated demand responses, that the simple-sum monetary aggregates are inconsistent
with neoclassical microeconomic theory, they conclude that we should use, as a measure of
money, the broadest CFS Divisia M4 monetary aggregate, as opposed to narrower aggregates
such as Divisia M1 or Divisia M2. The broad Divisia monetary aggregates have also been
favored by Barnett (2016) and more recently in the empirical work by Dery and Serletis
(2021). Clearly, the welfare cost of inflation is far from trivial when computed with reference
to the broad Divisia monetary aggregates, suggesting that raising the inflation target will
not be a good way of dealing with the problems posed by the zero lower bound.
It is interesting to note that the welfare cost estimates in panel C of Figures 1-4 not only

follow countercyclical patterns by rising during contractions, but also trend upward over
time. Although it is diffi cult to identify the sources of these fluctuations, one of the innovative
aspects of our analysis, compared to more traditional studies of the welfare cost of inflation, is
that the demand for money, m, is integrated with the demands for consumption, c, leisure, `,
and non-monetary assets, a. As both the cyclical fluctuations and the upward long-run trends
in the welfare cost estimates appear even for the broadest Divisia M4 monetary aggregate,
however, it must be something about how m interacts with consumption, c, and/or leisure,
`, in the utility function that is important. In this regard, Serletis and Xu (2021), in the
context of equation (1) but without the separable aggregate a, test for the existence of a
consumption aggregate, the existence of a monetary aggregate, and whether the demand
for consumption goods and leisure is independent of money as in most of the equilibrium
business cycle literature. They strongly reject all three null hypotheses of weak separability,
implying that the demand interactions between goods, leisure, and money are likely to be
of quantitative importance, consistent with earlier work by Abbott and Ashenfelter (1976)
and Barnett (1979).
Finally, it should be noted that the welfare cost measures computed according to equation

(18) assume that the steady state real interest rate equals 3%. This is a standard choice in
the existing literature, and appears sensible here, as a way of getting estimates that can be
compared to those reported previously. However, in the usual approach to the welfare cost
of inflation, M1 is “money”and short-term Treasury bills are “bonds.”The steady-state real
interest rate of 3% then gets measured as the average real return on bills. In our approach,
by contrast, Treasury bills are more appropriately recognized as providing monetary services
of their own; R, instead, is the nominal return on risk-free but illiquid bonds or bank loans.
In this regard, and since in the CFS data that we use the interest rate on the benchmark
asset is higher than the Treasury bill interest rate by 2% on average, we also calculated the
welfare cost of inflation assuming a steady state real interest rate of 5%. The results (not
reported here but are available on request) are similar to those reported in the paper under
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the standard assumption of a 3% real interest rate.

6 Conclusion

In the context of the flexible Normalized Quadratic expenditure function, developed by
Diewert and Wales (1988), we pay explicit attention to the demand interactions among
consumption goods, leisure, and money, and generate inference consistent with neoclassi-
cal microeconomic theory. We investigate the substitutability/complementarity relationship
among consumption goods, leisure, and money, making comparisons between narrow Divisia
money measures – those at the M1 and M2 levels of monetary aggregation – and broad
Divisia money measures – those at the M3 and M4 levels of aggregation. We calculate the
welfare cost of inflation, in the context of the Bailey (1956) approach, using proper user-
cost price measures, that are dual to the corresponding Divisia monetary aggregates, as the
‘price of money.’With our preferred CFS Divisia M4 monetary aggregate, we show that the
welfare cost of inflation is an order of magnitude larger than previous estimates reported in
the literature.
Our approach is superior to the traditional approach that simply integrates under a

constant elasticity or semi-elasticity demand curve for money as a function of the interest
rate. It allows us to evaluate the cost of inflation conditional on the price of consumption
goods, the wage rate, and the user costs of monetary assets which are explicitly treated as
imperfect substitutes and their differing rates of return are explicitly accounted for. Our
estimated welfare costs of inflation are time-varying, trend noticeably upward over time,
and are generally higher during economic contractions. The fact that they are considerably
higher today than they were back in the 1970s suggests that raising the inflation target may
not be desirable.
Empirical applications of our methodology could consider a large number of other locally

flexible demand systems, including the generalized Leontief (GL), introduced by Diewert
(1973), the Almost Ideal Demand System (AIDS), introduced by Deaton and Muellbauer
(1980), the minflex Laurent (ML) models, which are based on the Laurent series expansion
and were introduced by Barnett (1983, 1985) and Barnett and Lee (1985), and the quadratic
AIDS (QUAIDS) model of Banks et al. (1997). Also, the globally flexible Fourier and As-
ymptotically Ideal Model (AIM) demand systems, introduced by Gallant (1981) and Barnett
and Jonas (1983), respectively, could be used. See Barnett and Serletis (2008) for a detailed
discussion of these models.
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Table 1. Monetary assets/components

Monetary
subaggregate

Mnemonic Asset/component M1 M2 M3 M4

x1 Currency X X X X
x2 Traveler’s check X X X X
x3 Demand deposits X X X X
x4 OCDs at commercial banks X X X X
x5 OCDs at thrift institutions X X X X
x6 Saving deposits at banks including MMDAs X X X
x7 Saving deposits at thrifts including MMDAs X X X
x8 Retail money-market funds X X X
x9 Small time deposits at commercial banks X X X
x10 Small time deposits at thrift institutions X X X
x11 Institutional money-market funds X X
x12 Large time deposits X X
x13 Repurchase agreements X X
x14 Commercial paper X
x15 T-bills X



Table 2. Parameter estimates (Median based on MCMC) of the NQ Model

Goods:
1 = Consumption, c
2 = Leisure, `
3 = m
4 = a

Coefficient Divisia M1 Divisia M2 Divisia M3 Divisia M4
θ1 −0.4204 (−0.4217,−0.4192) −0.4170 (−0.4178,−0.4160) −0.4163 (−0.4176,−0.4151) −0.4160 (−0.4178,−0.4141)
θ2 0.4140 (0.4126, 0.4155) 0.4176 (0.4166, 0.4186) 0.4158 (0.4145, 0.4172) 0.4136 (0.4116, 0.4155)
θ3 0.0063 (0.0061, 0.0065) 0.0036 (0.0035, 0.0037) 0.0029 (0.0028, 0.0031) 0.0024 (0.0022, 0.0026)
θ4 0.0001 (0.0001, 0.0002) −0.0042 (−0.0043,−0.0042) −0.0024 (−0.0025,−0.0023)
b1 0.9641 (0.9631, 0.9650) 0.9623 (0.9616, 0.9629) 0.9604 (0.9596, 0.9614) 0.9605 (0.9592, 0.9619)
b2 0.0352 (0.0341, 0.0363) 0.0325 (0.0318, 0.0333) 0.0353 (0.0343, 0.0363) 0.0386 (0.0371, 0.0400)
b3 −0.0005 (−0.0006,−0.0003) 0.0003 (0.0002, 0.0003) 0.0006 (0.0005, 0.0007) 0.0009 (0.0008, 0.0010)
b4 0.0012 (0.0011, 0.0012) 0.0050 (0.0049, 0.0050) 0.0036 (0.0036, 0.0037)
β11 −0.0131 (−0.0163,−0.0099) −0.0331 (−0.0374,−0.0289) −0.0973 (−0.1045,−0.0901) −0.0843 (−0.0923,−0.0760)
β12 0.0204 (0.0164, 0.0245) 0.0402 (0.0362, 0.0443) 0.0950 (0.0882, 0.1018) 0.0871 (0.0790, 0.0949)
β13 −0.0085 (−0.0096,−0.0074) −0.0089 (−0.0093,−0.0085) −0.0067 (−0.0074,−0.0061) −0.0028 (−0.0035,−0.0020)
β14 0.0012 (0.0007, 0.0017) 0.0018 (0.0014, 0.0021) 0.0090 (0.0082, 0.0099)
β22 −0.0337 (−0.0389,−0.0287) −0.0489 (−0.0528,−0.0451) −0.0958 (−0.1023,−0.0892) −0.0911 (−0.0987,−0.0830)
β23 0.0139 (0.0126, 0.0151) 0.0109 (0.0103, 0.0115) 0.0084 (0.0078, 0.0090) 0.0040 (0.0032, 0.0048)
β24 −0.0006 (−0.0010,−0.0001) −0.0022 (−0.0025,−0.0018) −0.0076 (−0.0083,−0.0069)
β33 −0.0057 (−0.0061,−0.0054) −0.0025 (−0.0029,−0.0020) −0.0016 (−0.0017,−0.0014) −0.0012 (−0.0013,−0.0010)
β34 0.0003 (0.0002, 0.0005) 0.0005 (0.0004, 0.0005) −0.0001 (−0.0002, 0.0000)
β44 −0.0009 (−0.0011,−0.0008) −0.0001 (−0.0001,−0.0001) −0.0013 (−0.0015,−0.0011)

Note: Numbers in parentheses show the 16%-84% credible interval.



Table 3. Income and price elasticities

A. Income B. Own- and cross-price
Good i ηi ηi,c ηi,` ηi,m ηi,a

c 1.5001 (0.0093) −0.9623 (0.0002) −0.5240 (0.0089) −0.0106 (0.0003) −0.0038 (0.0001)

` 0.1155 (0.0013) −0.0641 (0.0011) −0.0596 (0.0004) 0.0080 (0.0001) 0.0002 (0.0002)

m (Divisia M1) −0.0380 (0.0136) −0.3692 (0.0160) 0.6773 (0.0075) −0.2872 (0.0051) 0.0171 (0.0062)

a 0.9494 (0.0021) −0.5193 (0.0158) −0.2728 (0.0234) 0.0758 (0.0084) −0.2331 (0.0025)

Note: Numbers in parentheses are standard errors of the time series elasticities.



Table 4. Allen elasticities of substitution

Good i σai,c σai,` σai,m σai,a

c −0.0057 (0.0001) 0.0173 (0.0003) −0.5947 (0.0095) 0.1602 (0.0186)

` −0.0612 (0.0015) 1.9824 (0.0474) 0.2514 (0.0693)

m (Divisia M1) −66.6368 (1.6084) 4.2810 (2.0986)

a −85.5357 (1.4798)

Note: Numbers in parentheses are standard error of the time series elasticities.



Table 5. Morishima elasticities of substitution

Good i σmi,c σmi,` σmi,m σmi,a

c 0.0263 (0.0004) 0.2851 (0.0051) 0.2309 (0.0024)

` 0.0149 (0.0003) 0.2964 (0.0053) 0.2310 (0.0026)

m (Divisia M1) −0.3838 (0.0076) 0.6788 (0.0112) 0.2474 (0.0048)

a 0.0967 (0.0120) 0.0771 (0.0221) 0.3685 (0.0126)

Note: Numbers in parentheses are standard errors of the timer series elasticities.



Figure 1. The Demand for Divisia M1 (in real per capita terms) 
 

 

 

 



Figure 2. The Demand for Divisia M2 (in real per capita terms) 
 

 

 

 



Figure 3. The Demand for Divisia M3 (in real per capita terms) 
 

 

 

 



Figure 4. The Demand for Divisia M4 (in real per capita terms) 
 

 

 

 



Table 6. Welfare cost of inflation

Monetary Inflation
aggregate 2% 3% 4% 5% 10%

Divisia M1 0.1542 0.2322 0.3093 0.3848 0.7325
Divisia M2 0.2679 0.4078 0.5480 0.6870 1.3424
Divisia M3 0.2475 0.3748 0.5015 0.6265 1.2094
Divisia M4 0.2704 0.4129 0.5572 0.7019 1.4049

Note: Numbers are mean values (in %).



Appendix Figure A1. Interest rate spreads and the benchmark rate 

 

 



Appendix Figure A1. Interest rate spreads and the benchmark rate (cont’d) 
 

 

 



Appendix Figure A1. Interest rate spreads and the benchmark rate (cont’d) 
 

 

 



Appendix Table A1. Income and price elasticities

Income Own- and cross-price
Good i m ηi ηi,c ηi,` ηi,m ηi,a

c Divisia M1 1.5001 (0.0093) −0.9623 (0.0002) −0.5240 (0.0089) −0.0106 (0.0003) −0.0038 (0.0001)
Divisia M2 1.4964 (0.0091) −0.9673 (0.0003) −0.5150 (0.0089) −0.0117 (0.0002) −0.0024 (0.0001)
Divisia M3 1.4953 (0.0091) −0.9870 (0.0005) −0.4960 (0.0089) −0.0121 (0.0002) −0.0001 (0.0001)
Divisia M4 1.4932 (0.0091) −0.9915 (0.0005) −0.4914 (0.0088) −0.0103 (0.0002)

` Divisia M1 0.1155 (0.0013) −0.0641 (0.0011) −0.0596 (0.0004) 0.0080 (0.0001) 0.0002 (0.0002)
Divisia M2 0.1092 (0.0013) −0.0451 (0.0009) −0.0739 (0.0008) 0.0113 (0.0002) −0.0016 (0.0001)
Divisia M3 0.1134 (0.0013) −0.0122 (0.0007) −0.1087 (0.0015) 0.0112 (0.0003) −0.0038 (0.0001)
Divisia M4 0.1196 (0.0013) −0.0074 (0.0008) −0.1212 (0.0014) 0.0090 (0.0003)

m Divisia M1 −0.0380 (0.0136) −0.3692 (0.0160) 0.6773 (0.0075) −0.2872 (0.0051) 0.0171 (0.0062)
Divisia M2 0.0821 (0.0128) −0.7169 (0.0225) 0.9065 (0.0166) −0.3043 (0.0053) 0.0327 (0.0024)
Divisia M3 0.2586 (0.0000) −0.8057 (0.0230) 0.7651 (0.0203) −0.2230 (0.0053) 0.0049 (0.0012)
Divisia M4 0.3720 (0.0000) −0.7963 (0.0271) 0.6330 (0.0239) −0.2087 (0.0050)

a Divisia M1 0.9494 (0.0021) −0.5193 (0.0158) −0.2728 (0.0234) 0.0758 (0.0084) −0.2331 (0.0025)
Divisia M2 2.8432 (0.0807) −1.5575 (0.0282) −1.3540 (0.0575) 0.0985 (0.0059) −0.0302 (0.0017)
Divisia M3 2.1164 (0.0317) −0.4281 (0.0173) −1.5812 (0.0405) 0.0107 (0.0036) −0.1178 (0.0039)
Divisia M4

Note: Numbers in parentheses are standard errors of the time series elasticities.



Appendix Table A2. Allen elasticities of substitution

Good i m σai,c σai,` σai,m σai,a

c Divisia M1 −0.0057 (0.0001) 0.0173 (0.0003) −0.5947 (0.0095) 0.1602 (0.0186)
Divisia M2 −0.0155 (0.0003) 0.0402 (0.0006) −1.0082 (0.0182) 0.3606 (0.0233)
Divisia M3 −0.0473 (0.0007) 0.0949 (0.0014) −0.9679 (0.0216) 1.4654 (0.0476)
Divisia M4 −0.0533 (0.0008) 0.1087 (0.0013) −0.8317 (0.0283)

` Divisia M1 −0.0612 (0.0015) 1.9824 (0.0474) 0.2514 (0.0693)
Divisia M2 −0.1114 (0.0030) 2.8277 (0.0816) −0.8035 (0.0474)
Divisia M3 −0.2127 (0.0061) 2.5978 (0.0881) −2.2847 (0.0496)
Divisia M4 −0.2419 (0.0061) 2.3328 (0.0955)

m Divisia M1 −66.6368 (1.6084) 4.2810 (2.0986)
Divisia M2 −73.3596 (2.2279) 19.7663 (1.1786)
Divisia M3 −49.4987 (1.6558) 1.8260 (0.7129)
Divisia M4 −50.9866 (1.7209)

a Divisia M1 −85.9357 (1.4798)
Divisia M2 −14.9128 (1.0630)
Divisia M3 −75.2848 (2.9621)
Divisia M4

Note: Numbers in parentheses are standard errors of the time series elasticities.



Appendix Table A3. Morishima elasticities of substitution

Good i m σmi,c σmi,` σmi,m σmi,a

c Divisia M1 0.0263 (0.0004) 0.2851 (0.0051) 0.2309 (0.0024)
Divisia M2 0.0505 (0.0008) 0.2998 (0.0053) 0.0255 (0.0016)
Divisia M3 0.1025 (0.0017) 0.2173 (0.0052) 0.1167 (0.0039)
Divisia M4 0.1178 (0.0015) 0.0237 (0.0049)

` Divisia M1 0.0149 (0.0003) 0.2964 (0.0053) 0.2310 (0.0026)
Divisia M2 0.0361 (0.0006) 0.3160 (0.0055) 0.0235 (0.0015)
Divisia M3 0.0920 (0.0013) 0.2336 (0.0056) 0.1108 (0.0038)
Divisia M4 0.1048 (0.0013) 0.2166 (0.0053)

m Divisia M1 −0.3838 (0.0076) 0.6788 (0.0112) 0.2474 (0.0048)
Divisia M2 −0.6491 (0.0143) 0.9671 (0.0205) 0.0578 (0.0036)
Divisia M3 −0.6042 (0.0166) 0.9209 (0.0238) 0.1198 (0.0045)
Divisia M4 −0.5172 (0.0208) 0.8386 (0.0269)

a Divisia M1 0.0967 (0.0120) 0.0771 (0.0221) 0.3685 (0.0126)
Divisia M2 0.2268 (0.0134) −0.2682 (0.0189) 0.4171 (0.0058)
Divisia M3 0.9421 (0.0248) −0.7491 (0.0240) 0.2435 (0.0042)
Divisia M4

Note: Numbers in parentheses are standard errors of the time series elasticities.
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