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Preface

The “Implications of a Wealth Preference in a Monetary Equilibrium Model of
the Business Cycle” is composed of two papers: “The Economic Impact of a Preference
for Wealth” and “The Welfare Costs of Inflation When Agents Have a Relative
Preference for Wealth.” In both of the papers a relative preference for wealth is added to
the households’ utility function.! Wealth is defined as the sum of the cash and capital
holdings of the households and is the means in which money is directly incorporated into
the households’ utility function. Adjusting the household’s preference for wealth allows
for a sensitivity analysis showing not only differences attributable to incorporating a
preference for wealth but also the degree to which this preference affects households’
allocation decisions in response to a money growth rate innovation.

The first paper incorporates a demand for money through the use of a cash-in-
advance constraint. The cash-in-advance constraint is designed to look at an economy
that demands cash for the purchase of consumption goods only as well as an economy
that demands cash for the purchase of consumption and investment goods. Households’
response to a money growth rate innovation is qualitatively different under these two
money demand rules. The addition of a preference for wealth causes a persistent response
even when the money is demanded only for consumption goods. Increasing the relative
preference for wealth dampens the quantitative response of output but does not affect its

qualitative features.

! The weights placed on consumption and wealth sum to unity.
iv



The dynamic response of wages and rental rates to a money growth rate
innovation inspired an investigation into the long-run properties of the model. When
money is demanded for consumption goods, inflation has no effect on the long-run real
marginal cost of labor or rental rates. However, when a relative preference for wealth
exists, an inflationary effect on these variables presents itself. In the case where money is
demanded for consumption and investment, superneutrality does not hold regardless of
the wealth preferences. However, the capital-to-hours ratio determining the real wage and
real returns to capital declines as inflation increases and increases with the preference for
wealth. This translates to a reduction in the real wage and an increase in the real return to
capital as the level of inflation increases regardless of the preference for wealth.

The first paper points to differences in the economic impacts that are due to
wealth preferences and to the important role that money demand plays in the economy’s
response to inflation. When money is used for consumption purposes only, the velocity of
money is set to unity. However, when money is used for both consumption and
investment, the velocity of money is no longer equal to one. The vast differences in the
responses associated with differences in money demand naturally led to the welfare cost
investigation of Paper 2, in which the velocity of money plays a larger role.

The second paper incorporates a transaction cost mechanism that is dependent on
the velocity of money. At the Pareto optimal velocity, no transaction costs are present.
However, as the velocity of money moves further away from the optimal level,

households realize a cost in terms of lost consumption. The households’ demand for



money adjusts as interest rates affect the velocity of money. Thus, the welfare costs of
inflation are determined under two different policy approaches.

Policymakers are first assumed to target only money growth rates. The second
policy approach analyzed assumes that policymakers target interest rates in order to
maintain price stability and a sustainable output growth. This second assumption is more
in line with the stated goals of monetary policymakers in the U.S. The welfare costs are
determined for various levels of inflation and various wealth preferences under a utility
function in which households’ have separable preferences over consumption and wealth
and two non-separable cases in which consumption and wealth are complements and
substitutes.” Benabou (1991) suggests that a welfare investigation of this nature using a
variety of model specifications would be a valuable addition of the literature.

When policymakers target money growth rates only, welfare costs of inflation are
small at moderate rates of inflation between 0 and 4.25 percent. In the separable case the
welfare costs of inflation decrease with the preference for wealth. The welfare costs of
inflation are not as affected by wealth preferences under the non-separable cases, though
slightly larger differences are present when consumption and wealth are assumed to be
substitutes.

When the policymakers target interest rates, setting the velocity of money,
interesting results are found. Welfare costs in terms of goods are associated with money

growth rates greater than 2 to 3 percent, and welfare gains in terms of goods are present

? The model incorporates the indivisible labor assumption of Hansen (1985), providing a channel through
which inflationary impacts on employment enter the model.

V1



at money growth rates 2 percent or less. The money growth rate at which the welfare
costs are zero rises as the preference for wealth increases. This result is similar under the
separable and non-separable cases, although the separable case is much more sensitive to
wealth preference changes. There are many different types of investors in the U.S.
economy, and this investigation sheds light on how the welfare costs of inflation can be
extremely different for each type.

The sensitivity of the results obtained in Papers 1 and 2 to the preference for
wealth suggest that the next logical step in this stream of literature would be an attempt to
quantify the relative preference for wealth. If a positive preference for wealth is found to
exist based on the U.S. economic data, the model suggests that this level would have

important policy implications.

vii



Paper 1. The Economic Impact of a Preference for Wealth

Abstract

This paper evaluates the short- and long-run impacts of incorporating a
preference for wealth in a monetary equilibrium model of the business cycle. The
household’s utility function assumes relative preferences for consumption and wealth
along with an indivisible labor assumption. A demand for money emerges through the
inclusion of a cash-in-advance (CIA) constraint. The properties of the model are affected
by the specification of the cash constraint as well as the relative preference for wealth
assumed in the utility function. Two specifications of the CIA constraint are considered.
Under the first, agents require cash for the purchase of consumption goods only, and
under the second, agents require cash for both consumption and investment goods.

The preference for wealth under either CIA specification has increasing effects on
the short-run volatility of output and hours worked while having decreasing effects on the
volatility of other economic variables such as consumption, investment, capital, wages,
and wealth. The introduction of a preference for wealth does not materially alter the
relationship between inflation and the business cycle. However, the business cycle effects
are more pronounced under the second CIA constraint and increase with the preference
for wealth.

Inflation acts as a tax on all goods for which money is required. The impact of an
inflation tax on the economy’s equilibrium is sensitive to the form of the CIA constraint.
Investment goods provide agents with a source of future consumption and hence are
subject to the inflation tax of the future. When investment is subject to a cash constraint,
the consumption goods are essentially taxed twice. Thus, greater substitution effects take
place under the second CIA constraint.

Additionally, the effects of an inflation tax on the economy’s capital-to-labor ratio
differ with the specification of the CIA constraint directly impacting real wages and
returns to capital. Real wages increase with inflation under the first CIA specification
and decrease under the second CIA specification. Returns to capital move in the opposite
manner. The capital-labor tradeoff is the channel through which inflation impacts the
steady-state ratios of an economy with a preference for wealth.

Keywords: preference for wealth, cash-in-advance model, indivisible labor

*Ph.D. Candidate, Department of Economics and Finance, Middle Tennessee State University, Box 27,
Murfreesboro, TN 37129; 615-217-2698; pmorris@mtsu.edu
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Section 1. Introduction

Household preferences are the basis on which all economic models rely. This
paper explores the properties of a general equilibrium model of the business cycle in
which the average household is assumed to have relative preferences over consumption
and wealth along with an indivisible-labor assumption. Money is the economic distortion
in this model economy and is introduced through the use of a cash-in-advance (CIA)
constraint. The CIA constraint.is designed in such a manner as to allow for a comparison
between two cases: (a) the case in which money is used for consumption only and (b) the
case in which money is used for both consumption and investment.

Extending the monetary business cycle literature, this paper addresses three main
questions:
= “How reliant are the business cycle effects of inflation on the specification of the CIA
constraint and the economy’s preference for wealth?”

»  “How does the dynamic response of a money growth rate innovation in the model
economy compare to those seen in the U.S. economy?”

=  “What are the differences in the long-run properties of the economy under different
money growth rate levels as the economy’s preference for wealth changes?”

Traditionally, the role of wealth is to smooth consumption profiles when shocks
occur. In this paper, households are assumed to have a direct preference for wealth

although the consumption-smoothing benefits of wealth are not ignored. This analysis



3
embeds Veblen’s ideas into a standard CIA monetary model to examine the differences in

the long- and short-run properties of the economy as households’ relative preference for
w\ealth is adjusted. Inflation acts as a tax distorting the economic choices of households.
Thus, in the examination of the long- and short-run properties, various money growth
rates are considered.

This analysis compares the business-cycle properties of a deterministic economy
in which the money growth rate is constant to those in a stochastic economy in which
households are subject to money growth rate innovations.” The economy’s dynamic
response to innovations is graphically presented. The paper examines the steady-state
properties including a steady-ratio analysis in order to clearly show that superneutrality
does not exist when households have a preference for wealth. This analysis of the
business-cycle and steady-state properties of an economy in which households have
preferences for consumption, status, and leisure provides an important addition to the
monetary real business cycle literature.

The remainder of Section 1 consists of a background on the development of the
household preference structure, a background on the supporting literature, and an
overview of the model implications. Section 2 analyzes why wealth matters and lays a
foundation for its inclusion in the household’s utility function. Section 3 presents the

stochastic CIA model. The problem faced by utility-maximizing households in this three-

sector economy is detailed in subsections 3.1 through 3.3. Subsection 3.4 fully

3 As in Cooley and Hansen (1989), the households in both deterministic and stochastic economies are
subject to technological innovations.
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characterizes the solution of the household’s problem by deriving the full set of general

equilibrium conditions. Section 4 explains solution techniques along with calibrated
parameters usedNin the estimation process. Section 5 includes an examination of the
impacts of inflation on the business cycle as well as steady-state properties and ratios
determined by the model and how these respond to changes in the economy’s preference

for wealth. Section 6 concludes.

1.1  Background for Household Preference Development

This paper provides a bridge connecting two branches of research: (a) the work of
Cooley and Hansen (1989), who analyze the effects of inflation on the business cycle and
the steady-state properties of a monetary real business cycle model in which agents have
preferences for consumption and leisure, and (b) the wealth-is-status long-run analyses of
Gong and Zou (2001) and Chang and Tsai (2003), in which agents have a preference for
consumption and status (or wealth). In both of these branches of research, money is an
economic distortion introduced through a cash-in-advance (CIA) constraint.

The theories of Thorstein Veblen (1899), who argues that the acquisition of
wealth increases the physical comforts of life that consumption goods provide, provide a
rationale for the inclusion of both wealth and leisure in the household preference
structure. Wealth is an “invidious distinction,” the basis of one’s reputation or social
status. Whether wealth is earned or inherited, wealth brings with it merit or status. Veblen

states,



“The desire for wealth can scarcely be satiated in any individual instance, and
evidently a satiation of the average or general desire for wealth is out of the
question” (Veblen 1899).
If wealth is meant only to increase the physical comforts provided by consumption goods,
then as industrial efficiency increases one would think that the desire for wealth would be
satiated, but if the struggle for wealth is a race for “invidious comparison,” no attainment
is possible (Veblen 1899).

Societies generally find labor distasteful and leisure favorable (Veblen, 1899).
Veblen states,
“This direct, subjective value of leisure and of other evidences of wealth is no
doubt in great part secondary and derivative. It is in part a reflex of the utility of
leisure as a means of gaining the respect of others, and in part it is the result of a
mental substitution ... insistence on the meritoriousness of wealth leads to a more
strenuous insistence on leisure” (Veblen 1899).

Supporting the theories of Veblen, this study’s addition of leisure to household

preferences as well as consumption and wealth extends the current literature.

1.2  Background Literature Supporting Analysis

The spirit-of-capitalism literature introduced by Weber (1958) assumes man
focuses on earning money not only to meet material needs but also to accumulate wealth
for wealth’s sake (Weber 1958; Keynes 1971). Wealth is defined as capital accumulation.
Spirit-of-capitalism research spawning from Weber (1958) includes Zou (1992, 1994,

1995) and Bakshi and Chen (1996), among others.
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The analysis incorporates a preference for wealth and, like Cooley and Hansen

(1989), a labor-leisure choice that enters the monetary economy through the introduction
of an employment lottery using Hansen’s (1985) ‘indivisible labor assumption. The effects
of an “inflation tax” on the steady-state values and business-cycle properties of a
monetary real business cycle model form the focus of their analysis. They find increases
in the growth rate of money or inflation to cause substitution effects. Agents decrease
their demand for goods requiring money (consumption goods) and increase demand for
goods that do not require money (investment and leisure). Cooley and Hansen also find
that anticipated changes in the growth rate of money have rather small business-cycle
implications.

The spirit-of-capitalism literature is extended by the wealth-is-status approach of
Gong and Zou (2001) and the “wealth-induced social status” approach of Chang and Tsai
(2003). These lines of research extend wealth to include both accumulated capital and
real money balances. Unlike Cooley and Hansen (1989), they do not allow for labor-
leisure adjustments in response to inflationary adjustments.

Gong and Zou (2001) examine the effects of inflation on capital accumulation in
an economy in which agents have a preference for consumption and wealth. They find
that when agents have a preference for status (wealth) and the CIA constraint applies to
consumption and investment (Stockman 1981), superneutrality of money no longer holds.
‘Through comparative static analysis, Gong and Zou show that inflation increases capital

accumulation when both consumption and investment are subject to the CIA constraint.
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Gong and Zou’s (2001) article, while definitely an important expansion of the literature,

provoked a commentary by Chang and Tsai (2003).

Chang and Tsai (2003) contradict one of G(;ng and Zou’s findings, stating that
under the Stockman (1981) CIA constraint inflation decreases capital accumulation.
Under a Lucas and Stokey (1987) CIA specification in which consumption goods only
are liquidity-constrained, Chang and Tsai (2003) find that inflation increases steady-state
capital accumulation. Chang and Tsai (2003) also add to the wealth-induced social status
literature by performing comparative static analysis on the effects of an increasing
preference for status on steady-state capital accumulation. As the agent’s desire for status

increases, steady-state capital accumulation increases (Chang and Tsai 2003).

1.3 Overview of Model Implications

This study assumes that an increase in the preference for wealth increases the
marginal utility of wealth. A similar assumption was made by Friedman and Savage
(1948) and Becker, Murphy, and Werning (2005), who assume higher status increases the
marginal utility of income. This paper goes on to introduce wealth by making it an
explicit argument in the agent’s utility function. An increase in the agent’s preference for
wealth is captured by the model as an increase in the weight placed on wealth relative to
consumption. The relative weights placed on consumption and wealth sum to unity.

Agents are assumed to receive disutility from labor hours worked. The agent’s

labor-leisure decision enters the model economy through the same indivisible labor
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assumption made by Hansen (1985) and Cooley and Hansen (1989). Thus, agents are

assumed to have preferences for consumption, wealth, and leisure.

A positive demand for money emerges through a standard CiA constraint (Lucas
1980, 1982; Stockman 1981; Svensson 1985; Lucas and Stokey 1987; Cooley and
Hansen 1989; Gong and Zou 2001; Chang and Tsai 2003). Two CIA constraint
specifications are considered. Under the first, agents require cash for the purchase of
consumption goods only, and under the second, agents require cash for both consumption
and investment goods.

The economic impacts are ‘sensitive to both the household’s assumed preferences
and the CIA constraint specification. The addition of a relative preference for wealth and
consumption along with a labor-leisure choice examined under two distinctly different
CIA constraint specifications lead to differences in both the business-cycle properties
found in Cooley and Hansen (1989) and the long-run properties of the wealth-induced
social status research of Gong and Zou (2001) and Chang and Tsai (2003).

When the CIA constraint takes the first form, a rise in the growth rate of money
causes households to substitute consumption (cash goods) for leisure. Under the second
CIA constraint specification, greater substitution effects emerge. Households faced with
an inflation tax rationally substitute non-taxed goods (leisure) for taxed goods
(consumption and investment). Investment financing future consumption is subject to
current and future inflation taxation. The consumption investment provides is in essence

subject to double taxation. The incorporation of a labor-leisure decision shows a
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substitution toward leisure is linked to increased inflation levels and corresponds to

reductions in consumption, investment, capital, and output.

The long-run implications of an increase in the economy’s relative preferenée for
wealth are increases in households’ demand for leisure. Even more interesting, there
exists a preference level for which steady-state consumption is maximized. The short-run
volatility of output and hours worked increases with the preference for wealth under
either CIA specification, while the volatility of consumption, investment, capital, wages,
and wealth decrease with the preference for wealth.

The business-cycle effects differ with the CIA constraint specification and the
preference for wealth. More pronounced responses are observed under the second CIA
constraint and are dampened as the preference for wealth increases. The differences
become obvious when the dynamic responses of the economy to both productivity and

money growth rate innovations under each CIA specification are compared.

Section 2. Evolution of the Role of Wealth

Veblen (1899) and Duesenberry (1949) argue that individuals may seek wealth
just for the sake of status and may get satisfaction from feeling they are relatively “better
off” than others. The struggle for wealth is not only a struggle for subsistence (Veblen
1899). Veblen (1899) focuses on wealth and its accompanying status, noting the link

between conspicuous consumption and leisure and the association of both with wealth.



10
As the status associated to wealth increases, the demand for leisure increases (Veblen

1899).

The desire for status is thought to increase with wealth (Weiss 1976). Individuals
concerned with their own wealth may also be concerned with the relative standing in
society that wealth brings (Robson 1992). Agents may have higher wealth preferences
not necessarily due to their desire for status but because of the consumption opportunities
wealth affords (Postlewaite 1998; Hopkins & Kornienko 2004).

The direct preference for wealth has entered the utility functions of other
economic researchers. Stockman (1981) showed that money exhibited superneutrality
When the CIA constraint includes only consumption; however, when the CIA constraint
includes investment, inflation is inversely related to capital accumulation in the long run.
Gong and Zou (2001) extended the Stockman model, adding wealth-induced social
status. They found that inflation leads to a higher level of consumption as well as more
capital accumulation in the long run when the CIA constraint applies to consumption
only.

Gong and Zou (2001) also found that when the CIA constraint applies to both
consumption and investment so that cash is required for both, the strength of the agent’s
desire for wealth-induced social status is the factor that determines the effect of inflation
on long-run capital accumulation. Gong and Zou show that under the perfect-foresight
assumption the steady state of consumption and capital accumulation increase as the

strength of the wealth-induced social status increases.
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Gong and Zou (2002) have examined a real economy in which individuals derive

utility from both consumption and wealth. Gong and Zou suggest that a model that
contains real money balances would be the appropriate direction for future research. In
this analysis real money balances not only are included as the liquid portion of wealth but
also, through the CIA constraint, are required for consumption or investment.

Becker, Murphy, and Werning (2005) argue that all individuals can be assumed to
have some interest in status. They assume the utility of economic agents depends on both
consumption and status and introduce a market for status in which agents indirectly
purchase status. Increases in the agents’ willingness to participate in fair lotteries are
linked with increasing status preferences, represented in their model as the interaction
between status and consumption (Becker et al. 2005). The authors allude to Veblen’s
(1899) work but omit leisure for the sake of simplicity.

Other studies incorporating wealth in the individual’s or household’s utility
include St. Amour (2005) and Corneo and Jeanne (2001), among others. However, most
fail to include a preference for leisure in the utility function.* In an effort to capture the
dynamics of U.S. real economic data, this analysis assumes that households have a
preference for consumption, wealth, and leisure.

Since the U.S. economy has moved from an agrarian to an industrial and then a
service orientation and per capita wealth continues to increase, the inclusion of the

wealth-induced social status in the agent’s utility function is appropriate in the cash-in-

* In the only working paper found so far, Young and Lou (2006) examine wealth distributions in a
heterogeneous agent model in which money is not a distortion.
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advance economy of Cooley and Hansen (1989), making utility separable into

consumption, wealth, and leisure.

The introduction of a preference for wealth into a CIA economy allows for an
examination of how an increase in wealth-induced social status affects the substitution
from consumption to leisure in response to an inflation tax, a comparison of the
economy’s dynamic response to a money supply shock when the preference for wealth is
adjusted, and a simulated economy for testing the business-cycle and steady-state
differences resulting from an increase in relative preference for wealth.

Wealth is assumed to matter to the economic agents in this model economy
whether they derive utility from wealth itself or from the social status derived from it.
The preference for wealth or its associated social status drives households’ behavior and
choices regarding capital accumulation, consumption, and potentially labor versus

leisure.

Section 3. The Stochastic CIA Model

The household’s decision problem takes account of utility-optimizing consumers
faced with budget and CIA constraints choosing optimal bundles of consumption, wealth,
and leisure; a profit-maximizing firm’s demands for capital and labor; and the money
growth rate policies set in place by the monetary authority. The problem includes the

derivation of the first-order and envelope conditions of the model. These conditions
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combined with the constraints affect the household’s decision to form a set of general

equilibrium conditions.

3.1 The Consumer’s Optimum

In this analysis, households have a direct preference for consumption, leisure, and
wealth. The direct preference for wealth is assumed in order to capture the effects of an
increasing desire for wealth-induced social status on the utility-maximizing household’s
behavior in terms of consumption, output, capital accumulation, and leisure choices.

Households faced with uncertainty are assumed to make choices on consumption,

wealth, and leisure in an attempt to maximize of their expected lifetime utility:

1-o

o o ] -7 -7 1=
EO %ﬁl U(ct+i’at+i’ ht+i) = EO 20.3’ -0 |:7 Crti + (1 - 7)at+i il - Bht+i (3-10)
1= i= -

where 0< S <1.° The household’s utility is a function of real consumption, c,, the
fraction of total time that is supplied to market activities or work, #,, and real wealth, q, .

The parameters 7,0 , and 7 are restricted to only positive values.®

The household is subject to the same indivisible labor restriction seen in Hansen
(1985). The indivisible labor restriction assumes that the households are allotted one unit

of time from which they allocate a portion to labor market activities, 4, <1, and the rest

to leisure activities. Households having full unemployment insurance are subject to an

* The stochastic version of this model was chosen so that dynamic properties of the model can be
examined. The dynamic response of the real economic variables is included in Section 5.1.3.
% In the case where y = o =n =1, the household’s utility is specified in the same manner as in Cooley and

Hansen (1989).
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employment lottery. The probability of being employed, y,, determines the expected

number of hours worked by each household in any given period ¢ to be defined as
h, =y .h, . The parameter, B, measures the marginal disutility the household derives from
market activities.”

The households are subject to a cash-in-advance constraint modified from that of
Cooley and Hansen (1989) in order to examine the case in which cash is required for the

purchase of consumption goods and that in which cash is required for both consumption

and investment;:

m,_
HC, + X, ST’Yti+r, (3.11)

The gross rate of inflation, denoted by /Z,, 7, represents real government
transfers, and m,_; represents the real money balances carried over from the previous
period for consumption and investment in period . When g =1 and x4, =0, cash is used
to aid in consumption purchases; however, when x4 =, =1, cash is required for

consumption as well as investment.

Wealth, q,, is defined as in Gong and Zou (2001) to be composed of accumulated

m,,

capital, k, ;, real money holdings, , and government transfers, 7,, in the following

¢
manner:

m,

a, =k, + +7, . (3.12)

t

7 For a full description of indivisible labor, see Cooley and Hansen (1989) or Hansen (1985).
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The parameter (1—y) is a measure of the household’s preference for wealth relative to

consumption.

The households supply labor to the firm and receive compensation in the form of
wages, w,. The households also supply capital to the firm for which they charge a rental
rate, 7. The households receive real transfers from the government, 7,, and may have

real money holdings from the previous period. Thus, the household’s budgets are

constrained in the following manner:

m '
-1
e, +x,+m, Swh,+rk,_ +7,+ . (3.13)

IT,
Investment, x,, is constrained as:
x, =k, — (1=, (3.14)

where 6 € [0,1] is the capital depreciation rate.

The household’s decision problem is represented by the following value function:

V(kt“]’mt—l’st)z Max Jl U(ct’at’ht)+ﬂEf [V(kf’mf’sf+l )] }
sy my, X Ky

where s, is a vector of state variables. The decision problem is subject to the CIA

constraint (3.11), the budget constraint, (3.13), and the investment constraint (3.14).
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3.2  The Firm’s Optimum

Firms use the labor and capital supplied by households to produce output. The

firm’s production function is Cobb-Douglas with constant returns to scale such that per

capita output, Y,, is a function of capital accumulated at the end of the previous period,

K,_,, and the percentage of total time allocated to market activities, H,, so that:

Y, :f(Kt—l’Ht’Zt)zeZth—laHtl—a (3.15)
and a € [0,1]. The production function is subject to exogenous productivity shocks, z,.

This linear shock takes the following form:

Zt+l = pz Zt +§z

1

The persistence of the shock, p, [0,1], and the innovation term, &, , is such that

417

. . . . 2
E ..., }= 0 and variance of the innovation is o,”.

The firm is a price-taker in wages and rental rates and acts optimally, choosing
the amount of capital and labor necessary and sufficient for profit maximization. The

firm’s profit maximization problem takes the following form:

z, a l-a
{1%71’5,} Y-wH,-rK,, suchthat Y, =e*K, | H,

where o€ [O, 1] and both K and H are restricted to positive values. Thus, for all
te [0,00) , the firm’s necessary and sufficient optimality conditions must hold,
K_ :oe"K, “"H"™ =r

=1 t 3

H :(-a)*K,_"H ™ =w,.

t
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3.3  Monetary Authority Policy

The nominal money supply is assumed to grow at the rate of 6, .} The government
regulates the growth rate of the nominal money supply such that:
EM, =6,F M, 4,
otherwise written as:

(5
M, =EtMt—1’

¢

where M, represents the per capita real money supply. The government also provides

per capita real transfers, 7,, to the households at the start of each period, so that the

following equality holds:

Mt—l .
17

t

T, =M, -~

Otherwise stated, the nominal transfer, ,7,, equals the product of the growth rate of
money, @, and the nominal money supply from the previous period, B_M,_;.
The growth rate of money follows the following process,
l0g®,, =(1-p,)0+p,log®, + oy
The persistence associated with the money growth rate process is measured by p, such

that py € [0,1], and the innovation to the money growth rate process, £, . , has mean zero

and variance 0'92. Shocks to the growth rate of the money supply feed through to the

(1 ;_7@) m = % m. .
t t

8 The real money supply grows in the following manner: m, =
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household through lump-sum transfers that affect the household’s budget and CIA

constraints,

When formulating its plan, the household takes as parametric (not individual-

specific) the following: w, = w(z,,K,_l,H,), v, = r(z,,K,_l,Ht), T,=M, - AIJYH , and

¢

11,, where K,_,H, ,and M, represent the per capita capital stock, hours worked, and real
balances.’ Households also take as given the productivity and money supply growth rates,
{z,, 8,}, and the autoregressive processes, which take the following form:

21 =P 2 +&;

logd,,, = (1 - pg)ﬁ +pplogh, +&, .
In the competitive equilibrium, the per capita capital demanded by the firm is the

capital supplied by the representative household, K, = %,, the per capita hours demanded
by the firm equal the hours supplied by the household, H, = #,, and the per capita real

money balances supplied by the government equal the real balances demanded by the

representative household.

3.4 The Household’s Problem

The solution of the household’s decision problem relies on the assumption made

by Cooley and Hansen (1989) that both the budget constraint and the CIA constraint hold

~ ? Capital letters are used to distinguish per capita variables that a competitive household takes as parametric
from individual-specific variables that the household chooses. In equilibrium these will be the same.
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with equality. As long as nominal interest rates are positive and houscholds purchase

goods after the observation of current shocks, the CIA constraint always holds with
equality (Lucas 1980; 1982).
Thus, the household’s decision problem is to maximize the following value

function:

V(kt—-l’mt—l’st)= Max {U(cz’anht)"'ﬂEt [V(kt,mt,SH_l)] }

NN N A
such that

m
-1

c,+x,+m, <wh, +rk,_ +7, +—=—
t

X, = kt - (l - 5)kt—1

m
-1

M+t x, £ — +7,
t

forall t e [0, oo).

The household’s problem can be written in Lagrange form, where the Lagrangian

multipliers associated with the budget, investment, and CIA constraints are 4,,g,, and ¢, ,

respectively. The household’s problem then takes the following form:

-

U(Cf’af’hf)+ﬂEf [V(kt’mf)]
+ | wh, +rk,_ +7, +—r—r-l—’i—c, - X, —m,}
t

Max £ =< - [
Cprhymy Xy ky Ay 4,04 +q’[f€’ +1=0)k ~k]

m,,

+¢t ]—[

\ L

+ 7, — 4 ¢, _:uzxtjl
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The household’s problem yields the following first-order conditions:

¢, :Uc,a,h)—A —pu =0
h U, (c,,a,,h)+Aw, =0

m,: BE, [V, (k,m)]-4 =0
x, 1 =A+q,—ou,=0

kt :ﬂEr [Vk(kr’mt)]_qt =0

m
. —_ t~1
A e, +x, +m, =wh, +rk,_ +7, +—

t

g,k =x,+(1-98)k,_

m
. _ -1
¢t'#lcr+#2xt_ +Tt

IT,

and envelope conditions:

Vm(kt—l’mt—l’st)=(Ua(ct’at’ht)+/1t +¢I{HLJ’ and

Vk(kt—l’mt—l’st)=Ua(ct’at’ht)+ﬂ’trt +qt(1_5)'

The updated envelope conditions needed to combine the first order conditions with the

envelope conditions are listed below:

1
Vm (kt sy 8,4 ) = (Ua (Ct+l s Qs ht+l ) + /1:+1 +@. {'ﬁ—_] ’ and
t+1

I/k kt s mt > St+1 ) =Ua (Cr+l ’ at+l ’ ht+l )+ ﬂ‘t+lrt+l + qt+l (1 - 5) .
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The combination of the first-order conditions and the time-consistent envelope conditions

gives the following set of equilibrium conditions for the household:

C Uc(ct’at’ht)_ﬂ’t -y =0
h,:U, (c,,a,,ht)+ Aw, =0

t+1

1
m,. ﬂEt [ (Ua (ct+1’at+1’ht+l)+ ’?’t+1 + @4 )(77_)] - /?’t =0

X, =A+q,~Qu =0
k,: BE, [Ua (ct+l’at+1’ht+l)+ VAR X (1 - 5)]_ q, =0

m
. _ -1
Ao+ x +mo=wh +rk,_ +7,+——

I1,
g,k =x,+ (1 - 5)kt—1
m,
@G Ty X, = + 7,
¢
m,

where a, =k, +—L+7, V20
t

These nine equations together with initial conditions k_;, m_,, and the appropriate
transversality conditions fully characterize the representative household’s optimal plan

for {C,,a,,m,,kt-hp/?’t’qt'(”t}

=0 "
To close the model, the following conditions must hold in the case where all agents are

identical:

o,
m, = m.y
17,
m,_
r, =m,——LL

17

t
The homogeneous household conditions together with the first-order conditions with

respect to the Lagrange multipliers 4,,¢,, and ¢,, after some algebraic manipulation,
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yield the following simplified constraints:

¢ +x,=wh,+rk,_ or ¢, +x, =y,
k,=x,+({1-06)k,_,, and
HC T X, =m,.
The optimality conditions of the household and the firm, together with the policy

rules of the government, form the following system of equations, which fully define the

economy’s competitive equilibrium:

A+ @y =Uc(ct’at’ht)
ﬂtwt ==-U, (ct’at’ht)

1
A =BE, I: (Ua (ct+1’at+l’ht+l)+ A + ¢t+1{7—jj|
£+1

A+ oy =g,

q,=BE,[U, (s @i Pras)+ Asains + o (1-05)]
c,+x, =y,

v, = ek, “h

k, =x,+({1 -6,

ylct +ﬂ2xt = ml

a,=k,_ +m,

w, = (- [k_)

h,
-
ro=ae [———h’ J
kt—l
m, = @, 2!
11,

These 13 equations form a nonlinear system of difference equation that characterizes the

dynamics of {c,,h,,m,,at,x,,k,,y,,wpr,,ﬂ,,ﬂ,,q,,(ot}-
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The system is subject to the following random shocks {fzm 'S0, } affecting both

productivity and the money growth rate in the following manner:
Z = pzZt + sz
logd,, = (1 - Pa)e +pglogt, +&, .

The solution of the system of equations is a time-invariant function of {z,,6,,k,;,m,,}.

Section 4. Solution Techniques and Calibration

In this section, the methodology used to solve the household’s decision problem is
shown in detail. The technique used by Klein (2000) relies on a log-linearized system of
equations derived from the system of competitive equilibrium equations obtained from
the solution of the household’s decision problem. The system of log-linearized equations
is solved for their unique real general equilibrium values. The parameters of the model
are calibrated to emulate the characteristics of the U.S. data over the sample period
ranging from 1964:Q1 to 2004:Q4. The calibration is done in order to create a set of
simulated data from the model that attempts to capture the business cycle properties of

the U.S. economy.
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4.1 Solution Technique

The generalized Schur decomposition method for solving a linear system of
dynamic equations is used to solve the household’s decision problem. Klein (2000)
explains this technique in full detail. The technique requires the derivation of a system of
log-linearized equations unique to the specification of the household’s utility function.
The set of log-linearized competitive equilibrium conditions for households under the
separable utility assumption (o =77 =1) fully characterizes the household’s decision.

The household, however, takes as given the productivity and money supply
growth rates {z,, 6’,}, and autoregressive processes, which have the following log-

linearized form:

2t+l = pzét + gz (410)

1+1

logé’,+1 =P, logé, +&,., - (4.11)
The technological and monetary growth processes along with the identities used to tie
past capital and money into the future,

E{k |k} =k,

Et {mt | mt—l} =m,

are mapped into the system of equations along with the following system of log-

linearized competitive general equilibrium conditions'?:

O0=cc, +xx, — ),

0=y cc, + py xx, —mm,

19 A detailed derivation of each of the log-linearized equilibrium conditions is contained in the attached
technical appendix.
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0= kk, — xx, —(1 - 6)kk,_,

0=ad, —kk,_, —mm,

0=z, +ak,_ +(1-a)h, -7,
0=z +a]:tt_1 —a};t—fvt

0=z, +(1—a)flt +(0!—1)I€t—1 —7
0= A4, +pup, — 44,

0=0, +m,_, —I1,—m,
0=14,+W,

0=—2 A+ e
A+ o A+

¢'t + ét
~ 1. a . a
E, {lntﬂ - %(_ (1 - 7)_a_a’“ + /1/1&1 + ¢¢t+]j} = _llt

l g 7 > A A
E; {ﬂ((l —7 ); 4~ ’1’(/1&1 + 44 )- (1- 5)qqt+1)} ==-q4,

yielding a uniquely solvable system of 17 equations and 17 variables.
The system of equations can be written in matrix format as:

Al *Et{Xt+1}=A2*Xt+§t+l (4~12)

where A and A; are 17 x 17 matrices used to map the log-linearized autoregressive
productivity and money growth rate processes, the time invariant conditions, and the log-
linearized equations into the matrix format given by equation (4.12). Specifically, A and

A; contain the coefficients of the variables contained in X, ; and X, respectively. The

matrix X,,; is the updated version of X, , a vector composed of two specific vectors,
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Z,, and Z,,. Z,, contains the technological and monetary growth rates along with the

predetermined variables. Z,, contains the jump variables. The transposes of each of
these vectors are identified below:
XtT = [Zl,t Zz,t]
where Zl,tT = [2,,@,,;,_1;rht_l] and Zz,zT =[&ts};tsﬁ’ts&t’itilet’j’t’Wt”a’ﬁt’jf’étﬁét]'
The Klein (2000) solution technique allows for 4; to be singular, which allows
for the inclusion of the predetermined variables contained in Z;, when solving for the

household’s general equilibrium. The generalized Schur decomposition decomposes the
(4.1.2) into stable and unstable blocks. The unstable blocks are solved forward and stable
blocks backward to derive the household’s equilibrium (Klein, 2000).

The size of the unstable block is determined by the number of unstable
eigenvalues of the system. Blanchard and Kahn (1980) argue that a system has a
determinate solution if and only if the number of unstable eigenvalues is equal to the
number of forward-looking variables. In solving (4.1.2), the number of unstable
eigenvalues was indeed calculated to equal the number of forward-looking variables

contained in Z, ,: 13. This result indicates the determinacy condition is satisfied.
The solution of the system yields two matrices, M and C, which are used to
determine the dynamic behavior of the economic variables represented in Z, , in response

to a technology and money growth rate shock. The percent deviation from steady-state j

periods after the shocks occur is calculated using the following equation:
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Zy,;=C*M’*N*5,, ;*100V j=0tT.

The dimensions of C and M are 13 x 4 and 4 x 4, respectively. The matrix Nisa 4 x 2

I
matrix of the form: N =[ 2 ] .
02,2

The matrix N is multiplied onto the matrix.S,,;, which contains the standard deviation of

the productivity and money growth rate shocks, o,and &, respectively, and takes the

. O-Z
following form: S = .
Co

Monetary and technological disturbances cause households to deviate from the
economy’s real equilibrium values. The real effects of disturbances or shocks are
attributable to the changes they cause in the household’s inflationary expectations (Walsh
2003). Since the size of the shock plays an important role, the determination of how the
real equilibrium is changed in the event of a shock is dependent on the parameterization

of the model.

4.2 Calibration

The parameterization of the model was based on a calibration exercise using U.S.
data collected over the sample period from 1964:Q1 to 2004:Q4. The U.S. data was
collected from the Bureau of Labor Statistics (BLS) and the Bureau of Economic
Analysis (BEA). Table 4.2 contains the calibrated parameters used throughout the

remainder of this analysis.
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Table 4.2.1: Calibrated Parameters

a o Oy Pe
0.375 0.020 0.009 0.638
B ﬂ o, P
2.426 0.986 0.006 0.950

The parameter a is calibrated to equal the average capital share of output over the
sample period. The capital share measure is a ratio. The numerator is the sum of the
measured value of capital income and the imputed flow of services from both the stock of
consumer durables and the stock of government capital. The denominator is the sum of
GDP and the flow of services from both consumer durables and government capital. This
ratio is calculated for each quarter of the sample period, and the average is then taken.

The parameter 3 is calibrated to equal the quarterly average investment-to-capital
ratio over the sample period. Investment is total real investment expenditures, and capital
is the real value of the total stock of capital. The investment-to-capital ratio is calculated
and then divided by 4 to obtain a quarterly measure.

The discount factor, B, is calibrated to equal the reciprocal of the gross real

interest rate in the following manner:

1
=%
The gross real interest rate, R, is derived using the monthly measures of the three- month

Treasury rate. These monthly measures are converted to effective annual rates, which are

then converted to nominal quarterly measures. A gross quarterly interest rate series is
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then derived by adding 1 to the adjusted periodic interest rate, and R is set equal to the

average of this series. The parameter B is calibrated to equal approximately 0.986.

The M1 money stock and the U.S. civilian non-institutional population (16 and
over) monthly time series were converted from monthly to quarterly measures. These
time series were used to calculate per capita money balance measures. A quarterly money
growth rate time series is formed by taking the logged difference of the quarterly per
capita money balance measure. The average gross quarterly money growth rate over the
sample period, 6, is approximately 0.00977, which corresponds to an annual money
growth rate of approximately 3.908 percent.

The persistence of the money growth rate is denoted by p,. The value of p, is
calibrated by estimating the following OLS regression:
0, =y +py 0 +&g,
where 6, represents the money growth rate at time . The parameter o, is the standard

deviation of the error term, &y , and is approximately 0.00886.

The scaling coefficient in the household’s utility function, B, is calibrated using a,

B, the average of the output-to-consumption ratio [—}i: 1.403942), and the fraction of
C

time U.S. households spend working over the sample period, sy = 0.337559.'' The

calibration of B also takes into account ® = 1.03908, the average gross annual growth

' The parameter & used is calibrated by first calculating the fraction of time spent working, sg= 0.337559,
which is the average weekly hours (35.44) worked over the sample period divided by 105 (the number of
hours available for labor-leisure choices). Finally, A is multiplied by likelihood of employment, taken to be
the average employment rate over the sample period (94.08%), to obtain & = 0.317634.



30
rate of money over the sample period. Finally, the calibrated parameter B is derived in

B=
hy®

the following manner:

The quarterly population series used to calculate per capita real money balances is
again used to calculate per capita real output. Taking the logged difference of this series,
a technology growth series is determined. The persistence of the technology growth rate,

p,= 095, is calibrated using the technology growth rate series by estimating the
following OLS regression:  z, =g+ p, 2, +<;,
where z, represents the technology growth rate at time ¢. The parameter o, is the standard

deviation of the residual, ¢, and is approximately 0.0056.

Table 4.2.2: U.S. Time Series Data:
Standard Deviations and Correlations with Output

U.S.Time Series Data corr. w/
1964:01 to 2004:04 s.d. output
Output 1.378 1.000
Consumption 0.743 0.654
Investment 4334 0.945
Capital 1.019 0.432
Hours 1.064 0.892
Wages 0.892 0.682
Inflation 0.320 0.161

The calibration is done in order to create a set of simulated data from the model

that attempts to capture the business-cycle properties of the U.S. economy. To allow for
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comparison, Table 4.2.2 displays the standard deviations and correlations with output for

the U.S. Time Series data over the full sample period, 1964:01 to 2004:04.

Section 5. Business-Cycle Effects and Steady-State Properties

In this analysis, the households are assumed to have log-separable preferences for
consumption and wealth. 1 define the household’s utility function in the following
manner:

U(ct,a,,h,)=7ln(c,)+(1—7)ln(a,)—Bh,. (4.30)
This is a unique specification of equation (3.10) for which & =7 =1. In this economy,
agents’ preferences are log-separable in consumption, c,, and wealth, «,, while

incorporating the indivisible labor assumption as described fully in Hansen (1985).

The short-run impacts are derived in order to show how the preference for wealth
affects the business-cycle properties of the model and to evaluate the effects of inflation
on the business cycle. The analysis includes the business-cycle results under a
deterministic and a stochastic money growth rate. The steady-state values and ratios
associated with the model are derived in order to determine if the model economy’s long-
run equilibrium is dependent on the nominal growth rate of money. The steady-state
values and ratios will also aid in the determination of the economy’s sensitivity to

changes in status preferences.
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5.1 Short-Run Impacts

The business-cycle properties of economies that differ in their preference for
wealth are examined for various inflation rates. The deterministic results represent the
short-run effects of an economy that is subject to a technology shock only. In the
deterministic case, money growth rates remain constant. The economy is not subject to a
shock on the growth rate of money that could lead to changes in the agent’s inflation
expectations. The stochastic results allow for the examination of the short-run effects of

an economy that is subject to both a technology and a money growth rate shock.

5.1.1: CIA for Consumption Goods Only

The business-cycle statistics presented in Table 5.1.1 are the short-run results
from the analysis of an economy for which the CIA constraint takes the first
specification. Money is used for consumption goods only. Various money growth rates
ranging from -5.6 percent to 100 percent are used to show the impact of an inflation tax
on the business cycle. The ranges of the standard deviation estimates and their correlation
with output are presented for economies having no, low, and moderate preference for
wealth. The size of the inflationary impact is measured through the width of the window

represented by the range. '

"2 I only one value is listed for the standard deviation or correlation with output measures, then inflation
did not have a deviating effect on the respective measures.
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Table 5.1.1: Business Cycle Statistics for Log-Separable Utility — CIA on Consumption Goods

Relative Preference for

Wealth (1-p=0 (1-y) = 0.05 (1-y) = 0.25
Standard Corr. w/ Standard Corr. w/ Standard Corr. w/
Deterministic Case Deviation Output Deviation Output Deviation Output
Output 1.36 1.00 1.38-1.39 1.00 1.45-1.46 1.00
Consumption 0.38 0.87 0.36-0.37 0.87 0.30-0.31 0.87
Investment 5.05 0.99 4.66-4.73 0.99 3.52-3.72 1.00
Capital 0.35 0.35 0.32-0.33 0.33-0.34 025-0.26 0.29-0.30
Hours 1.05 0.98 1.08 - 1.09 0.99 1.19-1.21 0.99
Wages 0.38 0.87 0.36-0.37 0.87 0.30-0.31 0.87
Wealth 0.34 0.12 0.32 0.10 0.24-0.26 0.03 -0.04
Standard Corr. w/ Standard Corr. w/ Standard Corr. w/
Stochastic Case Deviation Output Deviation Output Deviation Output
Qutput 1.37 1.00 1.38-1.39 1.00 1.45-147 1.00
Consumption 0.63-0.77 0.52 -0.61 0.63-0.77 0.49-0.59 0.61-0.76 0.39-0.52
Investment 527-54 0.90-0.93 4.92 -497 0.91-0.94 3.68-3.83 0.94 - 0.96
Capital 0.36-0.37 032-0.34 0.33-0.34 0.31-0.32 0.25-0.26 0.28-0.29
Hours 1.06 - 1.07 0.98 1.09-1.10 0.98 1.19-1.22 0.99
Wages 0.39 0.83-0.85 0.37 0.83-0.85 0.30-0.31 0.85-0.86
Wealth 0.35-0.36 0.12 0.33 0.10-0.11 0.25 - 0.26 0.04 - 0.05

Note: The use of various money growth rates ranging from -5.6% to 100% are used to show the impact of an inflation tax on the
business cycle under different specifications. The impact of inflation on the business cycle is measured by the width of the
window represented by the ranges of the estimated percent standard deviation and correlation with output measures that are
presented above: If only one value is listed for the standard deviation or correlation with output measures, then inflation did not
have a deviating effect on the respective measures.

The volatility of output, capital, hours worked, wages, and wealth show only
small differences between the case of deterministic and the case of stochastic money
growth. However, in the stochastic case, consumption and investment become more
volatile, and consumption, investment, capital, and wages become less correlated with
output.

In both the deterministic and the stochastic case, the volatility of the economic
variables differs with the preference for wealth. As the preference for wealth increases,
the volatility of output and hours worked increases; the volatility of the other economic
variables—consumption, investment, capital, wages, and wealth—decreases; and

inflation has a greater impact on the volatility of investment. The size of the inflationary
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impact is measured by the width of the window of standard deviation measures obtained

by increasing the level of inflation from -5.6 percent to 100 percent.

In the deterministic case, the effects of an increasing preference for wealth on the
economic va_riables’ correlation with output are minimal except for capital and wealth. As
the preference for wealth moves from low to moderate, output becomes less correlated
with both capital and wealth. The effects of changes in output on wealth and capital
accumulation are reduced. On the other hand, the reduced correlation means that changes
in per capita wealth or capital accumulation have a greater impact on output as the
preference for wealth increases.

In the stochastic case, the volatilities of consumption and wages are found to
differ, unlike those in the deterministic case. Households subject to money growth rate
shocks change their inflationary expectations, causing the volatility of consumption to be
much higher than that of wages. The correlation with output of consumption, capital, and
wealth decreases as the preference for wealth increases. Changes in consumption, capital,
or wealth have a larger impact on output; however, changes in output have a lesser

impact on consumption, capital, and wealth when the preference for wealth is higher.

5.1.2: CIA for Consumption and Investment Goods

The business-cycle statistics presented in Table 5.1.2 are the short-run results
from the analysis of an economy for which the CIA constraint takes the second
specification. Money is used for both consumption and investment goods. The effects of

inflation on the business cycle are greater when both consumption and investment require
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the use of money. In both the deterministic and the stochastic case, output and hours

worked become more volatile as the preference for wealth increases. The volatility of the
other variables is reduced by an increase in the preference for wealth. Significant
differences in the volatilities of the variables exist between the deterministic and

stochastic cases under this CIA specification.

Table 5.1.2: Business Cycle Statistics for Log-Separable Utility —
CIA on Consumption and Investment

Relative Preference for

Wealth (1-y)=0 (1-y) = 0.05 (1-y) = 0.25
Standard Corr. w/ Standard Corr. w/ Standard Corr. w/
Deterministic Case Deviation Qutput Deviation Qutput Deviation Qutput
Output 1.16-1.23 1.00 1.18-1.24 1.00 126 -1.31 1.00
Consumption 0.37-0.42 0.90-0.93 0.35-0.40 0.90 - 0.93 0.30-0.33 0.89-0.92
Investment 4.44 -4.86 0.99 4,18-4.52 0.99 3.31-346 1.00
Capital 0.31-0.34 0.35-0.37 0.29-0.31 0.33-0.35 023-0.24 0.29-0.30
Hours 0.71 -0.83 0.98 0.75-0.86 0.98 0.89-0.97 0.99
Wages 0.44 -0.48 0.94 -0.95 0.43-0.47 0.94-0.95 0.38 -0.40 0.94-0.95
Wealth 0.31-0.33 0.39-0.43 0.29-0.31 0.37-041 023-0.24 0.32-0.34
Standard Corr. w/ Standard Corr. w/ Standard Corr. w/
Stochastic Case Deviation Qutput Deviation Qutput Deviation Output
QOutput 1.34-1.36 1.00 1.36 - 1.38 1.00 1.42 -1.46 1.00
Consumption 0.37-0.44 0.82-0.85 0.36-0.41 0.82-0.85 0.30-0.34 0.82-0.85
Investment 5.10-6.22 0.98 -0.99 4.76 - 5.70 0.99 3.69-4.17 0.99 - 1.00
Capital 0.33-0.41 0.35-0.37 0.31-0.37 0.34-0.36 0.25-0.27 0.30-0.31
Hours 1.19-1.33 0.88-0.91 121-1.36 0.89-0.91 1.30-1.46 0.92-0.93
Wages 0.56 - 0.66 0.36 - 0.40 0.55-0.64 0.35-0.39 0.51-0.60 0.31-0.34
Wealth 0.33-0.40 0.39 -0.43 0.31-0.36 0.37-0.41 0.24-0.27 0.32 -0.34

Note: The use of various money growth rates ranging from -5.6% to 100% are used to show the impact of an inflation tax on
the business cycle under different specifications. The impact of inflation on the business cycle is measured by the width of the
window represented by the ranges of the estimated percent standard deviation and correlation with output measures that are
presented above. If only one value is listed for the standard deviation or correlation with output measures, then inflation did
not have a deviating effect on the respective measures.

When subject to a money growth rate shock, the volatility of output, investment,
and hours worked is much higher than in the deterministic case regardless of the
preference for wealth. The volatility of consumption, capital, and wealth is not as affected
by the money growth rate shock. Consumption volatility is the least affected by the

money supply shock; however, the correlation of consumption, hours worked, and wages
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with output is significantly reduced. Wages become much less correlated with output.

The correlation of wages with output falls from approximately 0.94 in the deterministic
case to around 0.34 in the stochastic case.

The impact of the money supply shock on the correlation of wages with output
causes inflationary changes in the volatility of wages to have a greater impact on the
volatility of output. Since the correlation of consumption and hours worked with output is
rather high, the impact of inflation on the volatility of wages will also have a greater
impact on the volatility of hours worked and consumption.

While consumption is smoother than the U.S. data suggests, the results displayed
in Tables 5.1.1 and 5.1.2 for the stochastic case capture many of the aspects of the real
U.S. data displayed in Table 4.2.2. Wealth used to facilitate future consumption is
composed of capital and, in this case, consurhption and investment. When there is no
preference for wealth, households are concerned with consumption smoothing. When a
wealth preference is present, households still concerned with consumption smoothing are
also concerned with smoothing their wealth. Thus, wealth and all of its individual

components become less volatile as the preference for wealth increases.

5.1.3: Dynamic Response to Money Growth Rate or Technology Shock

The impact of the monetary shock on the correlation with output is sensitive to the
specification of the CIA constraint. The business cycle statistics from Sections 5.1.1 and

5.1.2 have shown that larger business-cycle effects take place in the stochastic case where
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households are subject to both technology and money growth rate shocks. This result

logically leads to a need for further investigation into the economy’s dynamic response to
each of these innovations individually. Impulse response functions are commonly used in
monetary economics to measure the dynamic response of the economic variables when a
monetary innovation occurs.

The impulse response functions displayed in Figure 5.1.3.a and 5.1.3.b show how
the dynamic responses of the economic variables to a money rate innovation differ from
the responses attributable to a technology innovation. The response functions are shown
for the two specifications of the CIA constraint and for low and moderate wealth
preferences. The impulse response functions for output, hours worked, consumption,
capital, wages, rental rates, and inflation graphically represent the percent deviation from
the general equilibrium values caused by the innovation.

As shown in‘ Figure 5.1.3.a, é positive shock to the money growth rate causes
inflation to deviate from its steady-state value. The tax effects of inflation cause
households to substitute away from any goods that require the use of money. The
impulse-response functions on the left side of Figure 5.1.3.a show the effects of a
monetary innovation when households hold money for the purchase of consumption
goods only. A positive deviation in the inflation rate initially has a negative effect on the
rental rates. Households decrease their demand for investment goods. The real wage rises
initially in response to the shock. Firms substitute away from the relatively more

expensive input leading to a reduction in hours worked. Increased wages along with the
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decrease in capital allow households to increase current consumption and to smooth their

consumption profile.

Figure 5.1.3.a: Sensitivity of Impulse Response Functions to the Specification of the CIA
Constraint and the Relative Preference for Wealth (Money Shock Only)
Cash Required for Consumption Only Cash Required for Consumption and Investment
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As the preference for wealth increases, wages and rental rates become less

volatile. Thus, the initial decline in hours worked is smaller. As a result, the magnitude of
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the response of output to the money growth rate innovation decreases as the preference

for wealth increases.

On the right side of Table 5.1.3.a, money is demanded to facilitate consumption
and investment. In this case the responses of output, hours, rental rates, and wages are
similar to those seen when money is demanded for consumption only. However, these
responses are not sensitive to the relative preference for wealth. Interesting substitution
effects are seen in the response of consumption and capital accumulation to the money
growth rate innovation.

Inflation taxes both consumption and investment. The effects of this tax result in a
persistent negative deviation of both consumption and capital accumulation from their
steady-state level. For consumption and capital accumulation, the effects of the monetary
shock are sensitive to the relative preference for wealth. As the preference for wealth
increases, consumption and capital accumulation are less volatile; this is consistent with
the idea of consumption as well as wealth smoothing.

Figure 5.1.3.b displays the dynamic responses of the economic variables to a
positive technology innovation. The responses to a technology innovation differ not only
in size but nature from the responses associated with a money growth rate innovation. For
both CIA specifications, output and hours worked rise in response to the productivity
shock, though the magnitude of these responses is larger when cash is used for
consumption goods only. Wages and rental rates both increase. Firms, substituting toward
the relatively cheaper input, become more labor intensive. When cash is used for both

consumption and investment, wages are slightly more sensitive and rental rates are
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slightly less sensitive to the innovation. Thus, the initial rise in hours worked is smaller,

as is the rise in output.

Figure 5.1.3.b: Sensitivity of Impulse Response Functions to the Specification of the CIA
Constraint and the Relative Preference for Wealth (Technology Shock Only)
Cash Required for Consumption Only Cash Required for Consumption and Investment

okt aned Rours Worked Dutput and Kours Worked

9 ¥ " " w I ™ » « li ®
s ytn 2unnnm)
[ Ty o < S N SR
A Capia b

2
pxd
.
i

[+

B

& 8
E] ] ® " = # » 8 & @ ® ® & @ #* % £ @ 3 » “ w
Yeomo U Chonrires T g Gstenns
o B, AT e L AP RO Rt S ST X e ARG o € R e A AR ek OWIRE |

Reat Ketume to Caple!, Redt Wages ang invistion Aol Nadurns (o Capital, Ree Wagea, and intistion

L2

g WK
e s T s balginiigg
ex i
AR i
S, 14
. T
hd 48 -
] % o “ » » ® £ L a5 w M M «© W ® %* » M & ™ Py
Timelin Gusroms T o Guwiel.
e, e s g gl o T 6 ¢ : e v, R e 1 AR e, 3 AR !
o e 28, (UYL RS o (OO 0, ol 3 E dittaszzio o, SAE o B B, (MRS R et H
i

Under both CIA specifications, the supply of goods increases, placing a

downward pressure on prices in the initial period, making both consumption and



41
investment relatively cheaper. Households increase their consumption and capital. Wages

based on productivity are persistent and higher, allowing households to attain higher
consumption profiles. Again, when the preference for wealth is higher, the capital and
consumption profiles become smoother as agents attempt to smooth wealth.

To graph the impulse-response functions in Figures 5.1.3.a—5.1.3.b, a steady-state
money growth rate of 3.908 percent is used.'® The steady-state values of the economic
variables for which the percent deviations of the impulse response are derived are
affected by the steady-state value of inflation used. Thus, further analysis of the long-run

impact of inflation on the steady-state values of the economic variables is undertaken.

5.2 Long-Run Impacts

From the analysis of the competitive equilibrium conditions, the effects of
changes in the preference for wealth and the steady-state level of inflation are revealed.
The differences in the steady-state levels of the economic variables are dependent on the
definition of the CIA constraint (or the specification of the economy’s goods whose
purchase requires the use of real money balances). The steady-state solutions that result
from the competitive equilibrium are derived in the following manner:
m=0—

I1

I1=0.

13 The steady-state money growth rate is the average inflation rate derived from the U.S. data over the
1964:Q1 to 2004:Q4 sample period.
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In the long run, the gross growth rate of inflation is equal to the gross growth rate of the

money supply, and if capital from one period to the next is not allowed to vary, then
steady-state investment must equal the capital lost from depreciation.

k=x+(1-8)k
x=0k

The remainder of the steady-state general equilibrium conditions can be manipulated to
obtain steady-state identities for x, y,w,r,c,m, and a, which are all functions of & and 4.

These identities are listed below:

x=0k
y=kah1—a

a
w =(1—a{£)
h
h -«
r=a| —
g
c=k"h"" -k

m =, (kB = 8k )+ g1, O
a=k+pu (kh - &)+, 6.

After solving for A and g,
2’ =Ussc(c, a, h) - ¢#1

g =U*(c,a,h)—ou +pu,
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the three remaining conditions can be written as functions of three variables, {k,h,p}.

[U“c(c, a, h) —ou, ]w =—U*%(c,a,h)
U”. (c,a,h)— o, = ,B[ (U“a(c,a, h) +U”c(c,a,h)— ou + (o(%ﬂ
Uscle,a,h)~ g +om, = B [U (eah) (U7 le.a)-u)r }
+ (U”c(c,a,h)—q),ul + (oy2X1 - 5)

Thus, a unique solution of the system can be determined.

The CIA constraint is designed in such a way that multiple cases can be examined
by the model. The first case considered is that in which households hold real money
balances to facilitate the purchase of consumption goods only (24 =1 and g, =0). The

second is one for which cash is required for the purchase of both consumption and

investment goods (x4 =1 and 1, =1).

5.2.1: CIA for Consumption Goods Only

The steady-state values of the real economic variables are found to be affected by
the preference for wealth as well as the growth rate of money. Table 5.2.1 displays the
impact of an increase in the preference for wealth as well as the impact of inflation on the
steady-state values under the first CIA specification.

As the preference for wealth increases, the steady-state values of output,
investment, capital, real wages, leisure, and welfare increase. The steady-state real return
to capital is inversely related to the preference for wealth when cash is required for
consumption only. The effect of a preference for wealth on the steady-state level of

consumption is indeterminate. The steady-state level of consumption increases with the
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preference for wealth up to a given preference level, (1— }/)*, where 0.1<(1—- }/)* <0.25.

For preferences greater than (1 - }/)* , the steady-state level of consumption declines as the

preference for wealth increases.

Table 5.2.1: Steady-State Values Separable Utility — CIA on Consumption Only

Wealth

Preference (1-9)=0 (1-y)=0.1 (1-7)=0.25
Output 1.392 - 1.098 (D) © 1496 - 1.229 (D) 1.634 - 1.406 (D)
Consumption 1.085 - 0.856 (D) 1.098 - 0.888 (D) 1.074 - 0.886 (D)
Investment 0.307 - 0.242 (D) 0.397 - 0.340 (D) 0.560 - 0.520 (D)
Capital 15.205 - 11.994 (D) 19.684 - 16.861 (D) 27.759 - 25.772 (D)
Hours 0.330 - 0.260 (D) 0.317 - 0.254 (D) . 0.297-0.244 (D)
Wages 2.632 (No change) 3.019 - 2.943 (I) 3.593 - 3.432 (I)
Welfare (-0.720) - (-0.788) (D) (-0.382) - (-0.435) (D) (0.173) - (0.137) (D)
Rental Rates 0.034 (No change) 0.029 - 0.027 (D) 0.022 - 0.020 (D)

Note: The ranges of the steady-state values presented on the table above represent the impacts of inflation
on the steady-state values. The inflation rates that correspond to the money growth rates used in
approximating the state-values range from -5.60% to 100%. All ranges are expressed from the maximum
to minimum. To see the direction of the impact of inflation, the symbol (D), (I), or (No change) is used to
denote the decreasing, increasing, or non-distortionary effect of inflation on the steady-state values of the
given economic variables, respectively.

Steady-state values of the real economic variables other than wages are found to
decline as the growth rate of money increases when households have a preference for
wealth. When there is no preference for wealth and money is required only for the
purchase of consumption goods, real wages and rental rates are not affected by inflation.
Real wages increase and rental rates decrease with inflation when there is a preference for

wealth under the first CIA constraint.'*

! This is because superneutrality no longer holds when there is a preference for wealth. Inflation causes
changes in the steady-state capital-hours ratio of the monetary economy. Movements of the economy’s
steady-state ratios are discussed more thoroughly in Section 5.3.
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5.2.2: CIA for Consumption and Investment Goods

The steady-state values of the real economic variables are found to be affected by
the preference for wealth as well as the growth rate of money. Table 5.2.2 displays the
impact of an increase in the preference for wealth as well as the impact of inflation on the
steady-state values under the second CIA specification. When both consumption and
investment goods require the use of money, the effects of an increasing preference for
wealth are similar to those seen when money is required for consumption only; however,

the impacts of inflation on the steady-state values of the economic variables differ.

Table 5.2.2: Steady-State Values Separable Utility — CIA on Consumption and Investment

Wealth

Preference (1-7)=0 (1-y)=0.1 (1-y)=025
Output 1392 - 0.898 (D) 1.499 - 1.000 (D) 1.642 - 1.135 (D)
Consumption 1085 - 0.742 (D) 1.100 - 0.778 (D) 1.077 - 0.790 (D)
Investment 0.307 - 0.156 (D) 0.399 - 0.222 (D) 0.566 - 0.345 (D)
Capital 15.205 - 7.740 (D) 19.776 - 10.985 (D) 28.021 - 17.107 (D)
Hours 0.330 - 0.246 (D) 0318 - 0.236 (D) 0.298 - 0.222 (D)
Wages 2.632 - 2.282 (D) 2.948 - 2.640 (D) 3.441-3.193 (D)
Welfare (-0.720) - (-0.895) (D) (-0.379) - (-0.551) (D) ~ (0.180) - (0.011) (D)
Rental Rates 0.044 - 0.034 () 0.034 - 0.028 (I) 0.025 - 0.022 (I)

Note: The ranges of the steady-state values presented on the table above represent the impacts of inflation
on the steady-state values. The inflation rates that correspond to the money growth rates used in
approximating the state-values range from -5.60% to 100%. All ranges are expressed from the maximum to
minimum. To see the direction of the impact of inflation, the symbol (D), (I), or (No change) is used to
denote the decreasing, increasing, or non-distortionary effect of inflation on the steady-state values of the
given economic variables, respectively.

The deviating effects of inflation on the steady-state values of the economic
variables are greater in magnitude. Some variables, such as real wages and rental rates,
show key differences. Real wages decline as inflation rises, and real rental rates on

capital increase with inflation. These results are opposite those reported in Table 5.2.1 for
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which money is required for consumption only. These differences are due to the effects

of inflation on the capital-to-hours ratio under the second CIA specification on which
wages and rental rates are based.

The differences in the impacts of inflation on the steady-state values of wages and
rental rates lead to a need to examine the economy’s steady-state ratios. Thus, the next
section, Section 5.3, compares the differences in these steady-state ratios under the two

CIA specifications and the different ways in which inflation affects these ratios.

5.3 Steady-State Ratio Analysis

When consumption goods are the only goods classified as “cash goods,” the CIA

constraint equates consumption with real money balances, ¢, = m,, when the CIA and
budget constraints are binding. Thus, if money is needed only for consumption (not for

investment), then consumption is equal to money in the steady state, ¢* =m™, and the
steady-state values for the consumption capital and money-capital ratios are equal. More
interesting, under this specification wealth would be a function of accumulated capital
and consumption. This specification supports the theory of conspicuous consumption and
on the surface is thought to emulate the behavior exhibited in the United States. '°

When cash is required for consumption and investment, the CIA constraint

together with the budget constraint, if both are binding, equate real money balances with

® Hopkins and Kornienko (2004) mention that in societies with relatively higher per capita income
measures most society members have higher levels of conspicuous consumption. Hopkins and Kornienko
form a model in which individuals care about status, allowing individuals® utility to be dependent on the
utility of others.
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output, y, = m,. If cash is needed for consumption and investment, then output equals

money in the steady state, y* = m* . Thus, the output-capital ratio and the money-capital
ratio have equal long-run steady-state values.

The steady-state ratios for the economy have been derived from the steady-state
equations for the real variables, {k, c,X, y,a}, and are presented in Table 5.3.1. All of the
ratios are in terms of the steady-state rental rate of capital, », and the calibrated
parameters of the model, presented in Table 4.2.1."® When the CIA constraint applies to
consumption only, the money-to-capital ratio is equal to the consumption-to-capital ratio.
However, when the CIA constraint applies to both consumption and investment, the

money-to-capital ratio is equal to the output-to-capital ratio.

Table 5.3.1: Steady-State Ratios

k 4 m Y a
h k k k k
when g =1and g, =0
L)
s a
v ja-1
(_) 1_5 or 1_ 1+ﬂ
@ a when 24 =land g, =1 a k

r
24

Note: The CIA constraint is defined by equation 3.11. When p, = 1 and p, = 0, cash is used for
consumption goods only; however, when p, = y, = 1, cash is required for both consumption and
investment goods.

'® The steady-state ratios presented in Table 5.3.1 could have been expressed in terms of real wages instead

h

1-a)(k
of rental rates, since real wages are a multiple of rental rates, w = u —|7.
a
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Under either specification of the CIA constraint, the wealth-to-capital ratio

exceeds the money-to-capital ratio by one, and the consumption-to-capital ratio is less
than the output-to-capital ratio by the amount of the depreciation rate of capital. fhis is
understandable because by the definition of steady state the capital from one time period
must equal the capital from the next time period. In order for this definition to hold, the
steady-state investment for each period must exactly replace the depreciated capital from
the previous period.

In Tables 5.2.1 and 5.2.2, the impacts of inflation on real wages and rental rates of
capital differ with the specification of the CIA constraint. The rental rates decrease with
inflation under the first CIA specification and increase under the second. The effects of
inflation on real wages are opposite in direction when compared to the inflationary
effects on rental rates. Both rental rates and real wages in equilibrium are dependent on
the steady-state capital-to-labor ratio. Thus, the inflationary effects on the capital-to-labor
ratio as well as the other steady-state ratios initially addressed in Table 5.3.1 are

presented in Table 5.3.2.
In the case for which the preference or status is absent (i.e., (1 —7)=0) and the
CIA constraint is on consumption goods only, inflation does not significantly affect the

steady-state ratios of the economy; superneutrality holds.'” However, when there is no

preference for wealth or the CIA constraint applies to both consumption and investment,

17 This specification of the CIA constraint and the household’s utility function are the same as those used
by Cooley and Hansen (1989), and the results support the superneutrality reported in their analysis.
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superneutrality no longer holds.'® This analysis hinges on the differences in impact of a

preference for wealth on the economy. Thus, the steady-state ratios obtained in the

absence of a preference for wealth are presented to allow for ease of comparison.

Table 5.3.2: Sensitivity of Steady-State Ratios to Inflation and Wealth Preference

CIA - Consumption Only CIA - Consumption & Investment
Steady State k& 4 m Yy a k c m Yy a
Ratios h k kK k k i k. k k k
a-n=0
n=-56 46.05 0.07 0.07 0.09 1.07 46.05 0.07 0.09 0.09 1.09
=00 46.05 0.07 0.07 0.09 1.07 45.02 0.07 0.09 0.09 1.09
7 = 3.908 46.05 0.07 0.07 0.09 1.07 4433 0.07 0.09 0.09 1.09
n=10 46.05 0.07 0.07 0.09 1.07 4328 0.08 0.10 0.10 1.10
T =100 46.05 0.07 0.07 0.09 1.07 3149 0.10 0.12 0.12 1.12
n =400 46.05 0.07 0.07 0.09 1.07 14.84 0.17 0.19 0.19 1.19
(1-y) = 0.05
n=-56 53.61 0.06 006 0.08 1.06 5372 0.06 0.08 0.08 1.08
n=0.0 5372 0.06 0.06 0.08 1.06 52.66 006 0.08 0.08 1.08
m=3.908 53.80 0.06 0.06 0.08 1.06 51.94 0.07 0.09 0.09 1.09
n=10 5391 0.06 0.06 0.08 1.06 50.85 0.07 0.09 0.09 1.09
n =100 5565 0.06 0.06 0.08 1.06 3848 0.08 0.10 0.10 1.10
n =400 6147 006 006 0.08 1.06 2040 0.13 0.15 0.15 1.15
(1-y) = 0.25
n=-56 9336 0.04 004 0.06 1.04 9404 004 0.06 0.06 1.06
=00 9401 004 004 0.06 1.04 92.88 0.04 0.06 0.06 1.06
n =3.908 94.46 0.04 0.04 0.06 1.04 92.10 0.04 0.06 0.06 1.06
n=10 9517 0.04 0.04 006 1.04 9090 004 0.06 0.06 1.06
n =100 10548 0.03 0.03 0.06 1.03 77.07 0.05 0.07 007 1.07
T = 400 137.53 0.03 0.03 0.05 1.03 5522 0.06 0.08 0.08 1.08

Note: The steady-state ratio values are derived by adjusting the preference for wealth, (1 -7)s

and the steady-state growth rate of money. The symbol m represents the annual percentage of
inflation corresponding to the steady-state growth rate of money used in the estimation of the
model.

When a preference for wealth is assumed in the household’s utility function,
superneutrality does not hold regardless of the CIA constraint imposed on the household.

However, the direction and magnitude of the inflationary impact on the steady-state

' This result is robust to the findings of Stockman (1981).
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values are sensitive to the CIA specification. The steady-state ratio most affected by

changes in the growth rate of money, even low inflationary adjustments, is the capital-to-
labor ratio.

The capital-to-labor ratio rises with inflation under the first CIA constraint and
falls with inflation under the second.'® The magnitude of the inflationary impact on the
capital-to-labor ratio is greater under the second CIA constraint. The taxing effects of
inflation cause the capital-to-labor ratio to fall more rapidly when money is required for
the purchase of both consumption and investment goods. Thus, real returns to capital
increase and real wages decrease.

As the preference for wealth increases, the steady-state output-to-cépital ratio is
reduced and capital’s share of wealth increases regardless of the CIA specification. The
impact of inflation on capital’s share of wealth is dependent on the CIA specification.
Capital’s share of wealth increases with inflation under the first CIA specification, and
the changes become more pronounced as the preference for wealth increases. Under the
second CIA specification, capital’s share of wealth decreases with inflation, and as the
preference for wealth increases the share of wealth allocated to capital becomes less

sensitive to the money growth rate.

' The differences in the inflationary movements are directly responsible for the differences in the dynamic
responses resulting from a shock to the growth rate of money previously discussed in section 5.1.3.
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Section 6. Conclusion

This paper evaluates the short- and long-run impacts of a preference for wealth in
a monetary equilibrium model of the business cycle. Status is introduced by making
wealth an explicit argument in the agent’s utility function, and a demand for money
emerges through the inclusion of a cash-in-advance (CIA) constraint. I consider two
different specifications of the CIA constraint. Under the first, agents require cash for the
purchase of consumption goods only, and under the second, agents require cash for both
consumption and investment goods. I find that the properties of the model are affected by
the specification of the cash constraint as well as the role of status in the utility function.

The results of Chang and Tsai (2003) on the effect of inflation on capital
accumulation are supported by this model under the second CIA specification; however,
households having a preference for leisure as well as consumption and wealth decrease
their capital accumulation in response to inflation under either CIA specification. Agents
attempt to smooth not only consumption but wealth. As the relative wealth preferences
increase, the weight placed on consumption decreases. However, money that facilitates
consumption is a component of wealth, and consumption remains smooth. This result is
in contrast with the results of Gong and Zou (2001) and Chang and Tsai (2003), who
find, under the first CIA specification, that household having preferences for
consumption and wealth increase their capital accumulation as inflation increases.

In fact, this study finds that an increase in the level of inflation not only decreases

long-run capital accumulation but also output, consumption, investment, hours worked,
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and welfare under either of the two CIA constraints. The effects of inflation on the real

wages and rental rates of capital differ due to the specification of the CIA constraint.
When there is a preference for wealth, real wages increase with inflation under the first
CIA specification and decrease with inflation under the second. Rental rates of capital are
affected in the opposite manner. The inflationary effect on the marginal return to labor is
the channel through which the dynamic properties of the model differ with the CIA
specification.

The effects of an increasing preference for wealth are also one of the major
contributions of this analysis. Households with wealth preferences attempt to smooth not
only consumption but also wealth and its components. Under either CIA specification, an
increase in households’ preference for wealth increases the volatility of output and hours
worked while decreasing the volatility of consumption, investment, capital accumulation,
wages, and wealth. Thus, an increase in the preference for wealth magnifies the volatility
of output and labor hours in response to the business cycle. The business-cycle dynamics
found when the CIA constraint applies to both consumption and investment yield output
volatility measures much smaller than those seen in the U.S. data when there is a shock to
technology only. However, the results from the stochastic case where households are
subject to both technology and money growth rate shocks are more in line with the
business-cycle statistics derived from the U.S. data.

The long-run effects of an increasing preference for wealth on consumption are
indeterminate, increasing with low preference levels and decreasing at higher preference

levels. Steady-state rental rates decrease in response to a rising preference for wealth. The
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steady-state values of output, investment, capital accumulation, wages, and welfare
increase with the preference for wealth. This is in contrast to the finding of Fershtman
and Weiss (1993) that steady-state output decreases with the preference for wealth. The
results support the theory of Veblen (1899) that steady-state hours worked decrease,

which translates to an increase in leisure, as the preference for wealth rises.
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Technical Appendix

Log-Linearization Process for the Log Separable Utility Case

The log-linear approximation is needed in order to implement the technique used
in Klein (2000). The log-linearization process for each of the competitive equilibrium
conditions derived from the households’ problem and listed in subsection 3.4 is detailed
below:
c,+x, =y,
ce’t + xe™ =yey‘
cl+¢é)+x(1+%)=y0+7,)
cc, +xx,~yy, =0
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PAPER 2. WELFARE COSTS OF INFLATION AND THE
BUSINESS CYCLE WHEN AGENTS HAVE A RELATIVE
PREFERENCE FOR WEALTH

Abstract

The current analysis extends the literature by investigating the welfare costs of
inflation when households have relative preferences over consumption and wealth along
with a preference for leisure. Defining a household's preference structure in this manner
and incorporating a transaction cost mechanism that varies with the velocity of money
yields welfare costs that differ based on the way monetary policy is assumed to be
conducted. Welfare costs increase with inflation and decrease with the relative
preference for wealth under a money growth rate rule. In fact, the size of the welfare cost
is tied to the velocity of money itself: as the equilibrium velocity deviates from the
optimal rate, the welfare costs rise. The analysis alters the time-separable characteristics
of the household’s utility function, determining the welfare cost of inflation to be highest
when there is no wealth preference and time-separable preferences are assumed.

When policymakers are assumed to set the velocity of money by targeting a short-
term interest rate, welfare costs in terms of output present themselves at moderate levels
of inflation. Setting positive short-term rate targets high enough helps to ensure positive
real interest rates at moderate levels of inflation. Also, transaction costs associated with
the velocity of money are held constant. An increase in the level of inflation does not
increase the transaction costs associated with each unit of consumption as is the case
with money growth rate targets. The results of the analysis support a monetary policy
targeting a short-term interest rate consistent with a level of price stability. The results
suggest that the selection of the short-term rate is dependent on the economy's relative
preference for wealth.

Keywords: Welfare Costs, Inflation, Business Cycle, and Preference for Wealth
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Section 1: Introduction

The real business cycle literature of Cooley and Hansen (1989) examines the
effects of inflation over the business cycle and the associated welfare costs. The wealth-
induced social status literature of Gong and Zou (2001) addresses the effects of the
inflation level on steady-state capital accumulation when a concern for status (wealth) is
incorporated into the preference structure of economic agents. This paper combines these
two branches of the literature, investigating the welfare costs of inflation when agents
have relative preferences for consumption and wealth along with a preference for leisure.
A welfare cost investigation with these underlying preference assumptions has not been
undertaken in the welfare cost literature.

Unlike the literature of Cooley and Hansen (1989) and Gong and Zou (2001), who
incorporate money into the economy through the use of a cash-in-advance (CIA)
constraint, this study uses a transaction cost mechanism borrowed from Collard and
Dellas (2005) and Schmitt-Grohe and Uribe (2004) that is dependent on the velocity of
money as the channel through which money enters the economy, detracting from
consumption and/or investments share of output. Money also enters the households’
utility function directly as a component of wealth when a relative preference for wealth is
assumed. In this economy, as in that of Cooley and Hansen (1989), households are
subject to an employment lottery, and an indivisible labor assumption holds.

Unemployment is the means through which hours worked fluctuates. The addition of a
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relative preference for wealth, in a model that allows not only for labor market

adjustments but also for adjustments in the velocity of money, makes this study a unique
addition to the literature.
Through the determination of the welfare costs of inflation, this study addresses
three important questions:
= Do the welfare costs of inflation differ widely based on the channel through
which money enters the economy?
=  When agents having relative preferences for consumption and wealth make
allocation decisions that impact the market for labor, what is the relationship
between the relative preference for wealth and the welfare costs of inflation?
= Do the welfare costs of inflation differ significantly based on the time-
separable nature of the household’s utility function and the means in which

monetary policy is conducted?

1.1 Theoretical Background

The idea that economic agents have preferences for wealth is not a new one. The
underlying assumption of Thorstein Veblen’s 1899 work Theory of the Leisure Class is
that all agents have some desire for status and that desire for status increases with wealth.
Many other researchers have acknowledged preferences for wealth in the form of a
preference for status (Weiss 1976; Comneo and Jeanne 2001; Gong and Zou 2001, 2002;

Chang and Tsai 2003; St. Amour 2005; among others), a market for status (Becker,
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Murphy, and Werning 2005), or even a “Spirit of Capitalism” (Weber 1958; Zou 1992,

1994, 1995; Bakshi and Chen 1996, Lou and Young 2006; among others). However, a
relative preference for wealth along with a labor-leisure decision has not yet been
addressed in the literature. '

Friedman and Savage (1948) and Becker, Murphy, and Werning (2005) assume
that the marginal utility of wealth increases with the preference for status. Becker et al.
(2005) mention that the incorporation of a labor-leisure decision would enhance their
model but was left out for simplicity’s sake. This analysis adds to the literature by
incorporating labor-leisure decisions and a demand for money into a model in which the
marginal utility of wealth is assumed to increase with the preference for wealth.

The economy is modeled in order to analyze differences in the welfare costs of
the business cycle as changes in the economy’s preference for wealth occur under various
money growth rate policies. In this economy, consumption goods are in essence subject
to a tax, which presents itself through a transaction cost function that applies to

consumption purchases. This transaction cost is a function of the velocity of money. At

the optimal velocity, v°P!, the transaction costs equal zero. Any deviation from v°Pwill
result in a positive transaction cost on consumption purchases. The specification of the
transaction cost function is the same as that used by Collard and Dellas (2005) and

Schmitt-Grohe and Uribe (2004).

! A working paper written by Lou and Young (2006) looks at wealth distributions in a heterogeneous agent
model. Money does not enter their model, since wealth is defined to be capital only.
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In this monetary economy, an increase in the level of inflation increases the

consumption velocity, which in turn increases the transaction costs associated with
consumption purchases. The increase in the velocity of money is associated with
increases in nominal rates when policymakers target inflation rates and reductions in real
interest rates when short-term rates are targeted. The increase in the effective tax on
consumption goods causes substitution effects to occur. The welfare costs are determined
by comparing allocations associated with the monetary economy and the cashless
economy using the techniques employed by Lucas (1987) and Cooley and Hansen
(1989). As in Cooley and Hansen (1989), steady-state welfare costs are determined for
various fnoney growth rate rules.

Welfare costs are hypothesized to differ with respect to the economy’s money
growth rate rule as well as the economy’s specified preference for wealth. A sensitivity
analysis will be performed in order to determine how sensitive the results are to changes

in these specifications.

1.2  Overview of Results

When dealing with computable general equilibrium models, Leeper (1995) gives

some words of advice. This model incorporates the three key components Leeper

? The solution of the stochastic model can be determined through the use of second-order approximations
of the competitive equilibrium conditions of the economy. This solution technique is borrowed from
Sutherland (2002). These results are included in the appendix for future estimation of the business cycle
dynamics corresponding with a shock to the growth rate of money. These estimates will allow for the
estimation of the welfare costs associated with the business cycle.
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suggests must be present in a general equilibrium model that is to be used to evaluate

policy:
® In calibration of this model, the characteristics of technology growth
innovations, money growth innovations, and velocity measures that minimize
the transaction costs associated with consumption are approximated.
s  The model is also calibrated to fit the U.S. data.
= Monetary policy conducted by setting a short-term rate consistent with a level
of price stability in order to maintain a sustainable level of output growth is
addressed and gives outcomes that resemble policy choices made by
policymakers in the U.S.

Another important feature of this model is the inclusion of both money and
interest rates, which work together to transmit monetary policy (Leeper and Roush 2003).
Money enters the model through a direct preference for wealth assumed by the

“households. Wealth is composed of capital accumulation and real money balances. Also,
the transaction cost mechanism and money demand rule used by Collard and Dellas
(2005) and Schmitt-Grohe and Uribe (2004) are incorporated into the model. The money
demand rule is used to allow the short-term rate targeted by policymakers to set an
equilibrium velocity of money that is not dependent on the money growth level.®

The results of the analysis show that when the target interest rate is set to 6.56

percent compounded quarterly, the average of the federal funds rate over the sample

3 This analysis addresses the steady-state characteristics; however, in the stochastic economy a shock to the
growth rate of money causes households to make allocation adjustments. Interest rates change, causing
deviations in the velocity of money from the set rate.
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period, 1964:01 — 2004:04, the money growth rate necessary to eliminate the cost in

terms of total goods ranges from 2 to 4 percent and is dependent on the preference for
wealth as well as the time-separable nature assumed in the households’ utility function. In
the separable case, the results confirm the results of Cooley and Hansen (1989). Welfare
costs of inflation are small when the velocity of money is held constant by targeting
short-term interest rates. However, the results also show substantial welfare costs in terms
of output associated with moderate money growth rates in the non-separable cases.

The analysis of the different time-separable cases can be looked at as
exemplifying the outcomes associated with different types of investors. Though the
welfare costs associated with these investors differ, the investors share a common
expectation: they expect policymakers to act in a manner that takes investors’ welfare
into consideration.

The remainder of this paper is broken into multiple sections. The model is
presented in Section 2. Section 3 discusses the calibration of the model. Section 4
presents the results of the welfare cost analysis. A time-separable analysis in which
multiple utility function specifications takes place in subsections 4.1—4.3. The case that is
time-separable and two that are not are examined. The first non-separable case assumes
consumption and wealth are complements, and the second assumes they are substitutes.

Section 5 concludes.
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Section 2: The Model

2.1 The Consumer’s Optimum

Households faced with uncertainty are assumed to make choices on consumption,

wealth, and leisure in an attempt to maximize their expected lifetime utility:
) © 1-o
. | 1 -7 1=
Ey Z/Bl U(ct+i’at+i’ht+i) =E, Z/Bl '1':;[7’ Cui T (1 - 7’)at+i :l ~Bh,,; (2.1.0)
i=0 i=0
where 0 < 8 <1. Thus, the household’s utility is a function of real consumption, c,, the
fraction of total time supplied to labor market activities, #,, and real wealth, a,. The

parameters y,o , and 7 are restricted to only positive values.

The household is subject to the same indivisible labor restriction seen in Hansen
(1985), which assumes that the households are allotted one unit of time and allocate a

portion of it to labor market activities, 4, <1, and the rest to leisure. Households having

full unemployment insurance are subject to an employment lottery. The probability of

being employed, i,, determines the expected number of hours worked by each
household in any given period ¢, to be defined as A, =,k . The parameter, B, measures

the marginal disutility the household derives from labor market activities.*

4 For a full description of indivisible labor, see Cooley and Hansen (1989).
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The introduction of money into this model is through a transaction cost function.

The transaction cost function is a function of the consumption velocity of money, v,.

The velocity of money is defined as:

v, =—, (2.1.1)

where ¢, represents household consumption of non-durables and services at a given time

t, and m, represents household’s real money balances at time t. The households are

subject to the same transaction cost function employed by Collard and Dellas (2005) and

Schmitt-Grohe and Uribe (2004), which takes the following form:
BT
T,(v,,g)=§[ATv, +———2\/ATBT). (2.1.2)
vt

¢ is set equal to unity in a monetary economy and converges to zero in the

cashless society.” Money is the distorting factor in this model economy. The money

supply is taken as given by the households and grows at a rate of 6,, determined by the

government, and the growth rate is subject to shocks. However, households choose the
quantity of money demanded in the economy. The transaction cost mechanism described
by equation (2.1.2) is designed so that transaction costs equal zero at the optimal rate of
velocity. When the velocity of money rises above or falls below this optimal rate, the

households are subject to transaction costs.

5 For model estimation purposes, ¢ is set equal to 1%* e_lz.
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The household’s demand for money affects the velocity of money. Thus, the

functional form of the household’s money demand is written with respect to the velocity
of money and therefore will deviate as the money supply changes over time. The money
demand function assumed by the model is borrowed from Schmitt-Grohe and Uribe

(2004) and is defined in the following manner:

B" 1(I-1
Vt2 = F"‘T(—}-—] (2.13)

t

The optimal rate of velocity on which the transaction costs are based is the Pareto optimal

, T
rate as defined by the Friedman Rule, suggesting no transaction costs when v, = i— .

Wealth, a,, is composed of accumulated capital, k,_;, real money holdings, —=*,

m,_
11,

It—lbt—l

real bond holdings, , and government transfers, 7,, where I, is the gross rate of

¢

inflation. Therefore, the functional form of household wealth

I
a,=k_+ ’—”ﬁi + ——'-rli"-' +7, 2.1.4)

t t

is similar to that of Gong and Zou (2001).® The parameters 7 and (1 - y) are relative

weights households place on consumption and wealth, respectively.

 Gong and Zou (2001) did not include bond holdings because in their steady-state analysis of a
homogeneous agent economy bond holdings at any given time will equal zero. This analysis also assumes
homogeneous households in order to analyze average aggregate behavior of households and how
allocations differ with respect to the aggregate economy’s preference for wealth, However, bond holdings
were included in solving the model in order to determine the economy’s nominal interest rate.
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The households supply labor to the firm and receive compensation in the form of

wages, w,. The households also supply capital to the firm, for which they charge a rental
rate, r,. The households receive real transfers from the government, 7,, and may have

real money holdings from the previous period. Thus, the household’s budgets are

constrained in the following manner:

(1+T,)C,+x,+m,+b,SWth,+r;k,_1+T,+h+-lii . (2.1.5)
I—‘[t I—‘[t
Investment, x,, is constrained as:
x, =k, —(1-6)k,, (2.1.6)

where & € [0,1] is the capital depreciation rate.

The household’s decision problem is represented by the following value function:

V(keomoib)=  Mae  (Uloanh)+BE k.m b))} @17
ct,ht,mt,bt,xt,kt

The decision problem is subject to the transaction cost function (2.1.2), the budget

constraint, (2.1.5), and the investment constraint (2.1.6).

2.2 The Firm’s Optimum

The firms use labor and capital to produce output. The firm’s production function

is Cobb-Douglas with constant returns to scale such that per-capita output, Y,, is a
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function of capital accumulated at the end of the previous period, K, ;, and the

percentage of total time that is allocated to market activities, H,, so that:

Y, = f(Kt—l’Ht:Zt)=eZ'Kt-laHtl — (2.2.1)
and a €[0,1]. The production function is subject to exogenous productivity shocks, Z,,

which are linear taking the following form:
Z1 =P, 5 +S,,, (2.22)

The persistence of the shock p, [0,1] and the innovation term, &, , is such that

241
E, {«:ZM }= 0 and variance of the innovation is 0'22 .
The firm is a price-taker. Wages and rental rates are taken as given and firms act

optimally, choosing the amount of capital and labor necessary and sufficient for profit

maximization. The firm’s profit maximization problem takes the following form:

{ %a’,’f} Y,-wH,-rK,_, suchthat ¥ =e"K_“H'™ (2.2.3)
=144

where a €0, 1] and both K and H are restricted to positive values. Thus, the firm’s
necessary and sufficient optimality conditions are such that
K  :ae"K “"H™=r and (2.2.4)

H :(1-a)e'K _‘H ™ =w, (2.2.5)

must hold for all ¢ [0,0).
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2.3  The Monetary Policy Authority

The nominal money supply is assumed to grow at the rate of 6, 7 The government

regulates the growth rate of the nominal money supply so that:

PM,=0©,P_M,_, (2.3.1)
otherwise written as:
Q)
M=—M_, 2.3.2
t H t—-1 ( )

where M, represents the per capita real money supply. The government also provides

per capita real transfers, 7,, to the households at the start of each period, so that the

following equality holds:

r =M M 2.3.3)

Otherwise stated, the nominal transfer, P,7,, is equal to product of the gross growth rate of
money, ©,, and the nominal money supply from the previous period , B_ M, , .
The growth rate of money follows the following process:
log 6,y =(1—pg)0+pylog6,+&, . (2.3.9)
The persistence associated with the money growth rate process is measured by p, so

that p, € [O,l], and the innovation to the money growth rate process, &,  , has mean zero

and variance 0'92. Shocks to the growth rate of the money supply feed through to the

t

7 The real money supply grows in the following manner: m, = -

!
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household through lump-sum transfers that affect the household’s budget constraint and

the velocity of money. Thus, money supply shocks affect households’ transaction costs
and money demand.

Monetary policy in the U.S. not only targets a short-term interest rate. These
targets are chosen in order to maintain price stability as well as promote a sustainable
level of output growth. Thus, in the latter part of the analysis a further restriction is
placed on the model, one for which the monetary policy targets a short-term interest rate

by restricting the money demand function in the following way:

T
> BT 1 (TI-1
2=t L (__TI , 2.3.5)

where 17 is the targeted short-term interest rate.

Nominal interest rates are still determined by households’ money demand. The
monetary policymaker’s short-term interest rate target just restricts the economy’s
velocity of money, holding real rates constant. Thus, an increase in inflation causes
nominal rates to rise. Removing this restriction will allow for the examination of an
economy that has only money growth rate targets, whereas the implementation of this
constraint will allow for the examination of the welfare costs of inflation in a model
economy in which policymakers target short-term interest rates. These welfare costs are

stated in terms of output for differing levels of price stability.
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2.4 The Household’s Problem

When households make their allocation decisions, they take (2.2.4), (2.2.5),

(2.3.3), and the gross rate of inflation as parametric.® The households also take as given

the productivity and money supply growth rates {zt, 6, } , and the autoregressive processes

which take the form previously defined by equations (2.2.2) and (2.3.4).
In the competitive equilibrium, the per capita capital demanded by the firm is the

capital supplied by the representative household, K, = k,, the per capita hours demanded
by the firm equal the hours supplied by the household, H, = A,, and the per capita real

money balances supplied by the government equals the real balances demanded by the
representative household.

The household’s decision problem takes account of utility optimizing consumers
constrained by their budget choosing optimal bundles of consumption, wealth, and
leisure; profit maximizing firm’s demands for capital and labor; and the money growth
rate policies set in place by the monetary authority. The solution of the model is included
in the appendix, which is broken into 3 parts: solution of the households’ decision
problem, competitive equilibrium conditions, steady state analysis, and first- and second-

order logarithmic approximations of the competitive equilibrium conditions.

8 Capital letters are used to distinguish per capita variables that a competitive household takes as parametric
from individual-specific variables that are chosen by the household. In equilibrium these will be the same.
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Section 3: Calibration

The first- and second-order logarithmic approximations of the competitive
equilibrium conditions are used to determine the dynamic response of the model to
productivity and money growth rate innovations. The Solution technique described in
Sutherland (2002) is used in solving the stochastic general equilibrium model of the
business cycle. The dynamics of the model are affected by th¢ calibrated parameters of
the model.

The parameterization of the model was based on a calibration exercise using U.S.
data collected over the sample period from 1964:Q1 to 2004:Q4. The U.S. data was
collected from the Bureau of Labor Statistics (BLS) and the Bureau of Economic
Analysis (BEA). Table 3.1 contains the calibrated parameters used throughout the

remainder of this analysis.
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Table 3.1: Calibrated Parameters

a o AT Oy Peg
0.375 0.020 0.011 0.009 0.638
B B BT o, P
2426 0.986 0.075 0.006 0.950

Note: The average capital share of output, « , is the sum of the measured value of capital
income and the imputed flow of services from both the stock of consumer durables and the
stock of government capital over the sum of GDP and the flow of services from both
consumer durables and government capital.

The quarterly average investment-to-capital ratio, 8, is calibrated to equal total real
investment expenditures over the real value of the total stock of capital.

The discount factor, B, is calibrated to equal the reciprocal of the gross real interest rate. The
nominal real interest rate is calibrated to equal the average three-month T-bill rate adjusted
to quarterly measures.

The scaling coefficient in the household’s utility function, B, is calibrated using a; B; the
average of the output-to-consumption ratio, 1.404, and the fraction of time U.S. households
spend working over the sample period, hy = 0.338; the average gross annual growth rate of
money, ® = 1.039; and the calibrated parameters o and p. Thus, the calibrated parameter B

o)
is derived in the following manner: B = ¢/l
hy ©

The parameters for the transaction cost function, AT and BT , are the same as those used by
Schmitt-Grohe and Uribe (2004) and Collard and Dellas (2005).

Taking the logged difference of the per capita output series yields a technology growth
series from which the technology growth rate persistence is determined. The persistence of

the technology growth rate, p, , is obtained by estimating the following OLS regression:

zi=ay+p, z,_1+§z’ where Z, represents the technology growth rate at time ¢ The

parameter T, is the standard deviation of the residual, é‘zt .

A quarterly money growth rate time series is formed by taking the logged differences of the
quarterly per capita money balance measures. The persistence of the money growth rate is

denoted by py . The value of pg is calibrated by estimating the following OLS regression:
6, =g+ py 6,1 +&, where 6, represents the money growth rate at time ¢. The parameter

Oy is the standard deviation of the error term, g 6, -
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The parameters of the model are calibrated using the U.S. data over the sample

period ranging from 1964:Q1 to 2004:Q4. The calibration is done in order to create a set
of simulated data from the model that attempts to capture the business cycle properties of
the U.S. economy. The attempt to replicate the U.S. economy makes the welfare cost

results obtained from this analysis more meaningful.

Section 4: Welfare Costs

This study addresses both the welfare costs of inflation and the welfare costs of
the business cycle when households in the model economy have relative preferences over
consumption and wealth along with the indivisible labor assumption. Money is the
distorting factor in the model. An increase in the growth rate of money increases the
velocity of money and the associated transaction cost measured as a share of output.
Changes in the growth rate of money impose welfare costs on households. As in Lucas
(1987), when there is no preference for wealth, welfare costs are measured in terms of
lost consumption. However, when there is a preference for wealth, the welfare costs
estimates are measured in terms of a composite good, G, which is defined in the

following manner:

G, =y +(1—p)a," (4.1)
and accounts for households’ preferences for both consumption and wealth. The analysis

addresses differences due to the time-separable characteristic assumed by the household’s
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utility function, and the welfare costs are then evaluated under the alternate preference

structure assumptions to allow for comparison.

First, the separable case assumes a modified version of the utility function used by
Cooley and Hansen (1989), in which the utility function of the household is separable in
consumption and wealth and the indivisible labor assumption holds. Second, the
preference structure is extended, assuming households’ utility function to be non-
separable over consumption and wealth. This extension allows for the examination of the
cases for which households view consumption and wealth as complements or substitutes.
Sections 4.1 and 4.2 expound upon the welfare costs of inflation and the business cycle
determined under the separable and non-separable assumptions, respectively.

As mentioned, the welfare costs of inflation are determined using the methods of
Lucas (1987) as did Cooley and Hansen (1989). Using this method, the welfare cost of
inflation equals the additional amount of the composite good, G, required to equate the
utility from the “cash economy”, U, to that of the “cashless economy”, U, in the
following manner:

U =U[G(1+ 4G),4]. (4.0.1)
The estimated AG is translated into a percentage of GDP to create a more meaningful
economic measure for comparison.

Households may view fluctuations in consumption caused by money growth rate
innovations differently. The differences manifest themselves in the magnitude of the
welfare costs determined by the model and may be tied to the time-separable

characteristics of the utility function chosen (Otrok 2001). In the following sections, I
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attempt to account for the differences in the welfare costs through the analysis of the

separable case and unique specifications of the non-separable case. The welfare costs
ai)proximations are determined using different policy rules. The first rule considered, the
policy rule used in Cooley and Hansen (1989), assumes policymakers target a money
growth rate, and the welfare costs are presented for moderate money growth rates ranging
from 0 percent to 4.25 percent. The second policy rule considered is similar to those used
by U.S. policymakers. Under this rule, policymakers target a short-term interest rate

consistent with a level of price stability and a sustainable level of output growth.’

4.1 Separable Preferences

When households are assumed to have time-separable preferences over
consumption and wealth, households’ marginal utility of consumption today does not
directly affect their marginal utility of consumption tomorrow. Households are not as
concerned with fluctuations in consumption as they are with the persistence associated
with the change in consumption (Otrok 2001). These are the characteristics associated
with risk-neutral investors. The case where monetary policymakers target only money
growth rates and the case where short-term interest rates are targeted by policymakers
interested in price stability and output growth are examined. The two cases yield vastly

different welfare cost results.

° This policy rule is consistent with the goals stated in the minutes of the Open Market Committee
Meetings, available at the Federal Reserve website.
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The results are given for different wealth preference levels including no

preference for wealth. When there is no preference for wealth, the welfare costs of
inﬂatioﬁ increase with the level of inflation targeted by the monetary policymakers. As a
sign of money demand, the velocity of money increases with the money growth rate
target as do nominal interest rates. The channel through which dynamic effects of
monetary shocks are seen is that of the opportunity cost of holding money, nominal
interest rates.

The importance of the money growth rate increase in response to a positive
money growth rate innovation is the effect that this increase has on the velocity of
money. The transaction cost mechanism, incorporated into the model, ties transaction
costs to the velocity of money. Given that the budget constraint (2.1.5) is binding, the
steady-state resource constraint takes the following form:

Q+T)c+x=y. 4.1.1)
Thus, the share of output not associated with consumption or investment, Tc, is viewed as
a cost. The attempt to recoup or mitigate this cost could in itself suggest policy
implications of an appropriate money growth rate target. The welfare cost estimates for

various money growth rates are presented in Table 4.1.1.'°

19 In Table 4.1.1 as well as all other tables in this paper, the ** denotes that the measures are presented as
percentages. The transaction costs as well as some of the welfare costs are very small and stated in
hundredths of one percent.
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Table 4.1.1: Welfare Costs by Inflation Rate and Relative Preference for Consumption and Wealth

Separable Preferences over Consumption and Wealth (Money Growth Rate Target)

v=1
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Y* *
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE
v=0.9
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Y##
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE
v=0.8
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Yt *
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE
¥=0.7
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Y* *
TC/Y*100%*
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE

Annual Inflation Rate

0.00% 1.00% 2.00% 225% 250% 275% 3.00% 325% 3.50% 3.75% 4.00% 4.25%
14,73 14.73 14.72 14,72 14.72 14.72 14.72 14.72 14,71 14.71 14.71 14.71
0.31 0.31 031 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
14.37 14.37 14.37 14.37 14.37 14.37 14.37 14.37 14.37 14.37 14,37 14.37
2.63 2.63 2,63 2.63 2.63 2.63 2.63 2.63 2.63 2,63 2.63 2,63
3.44 344 344 344 344 344 344 3.44 344 3.44 3.44 344
2.84 2.87 291 292 293 294 295 296 297 2.98 2.98 299
77.93 77.93 7792 77.92 77.92 77.92 7791 7791 7791 77.91 7791 7791
1.64 2.20 282 2.98 3.15 3.32 349 3.66 384 4.02 420 439
5.68 6.68 7.68 7.96 8.20 8.44 8.68 8.92 9.20 9.44 9.68 9.92
5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68
1.27 1.28 1.29 1.29 1.30 1.30 1.30 1.30 1.31 1.31 1.31 1.31
0.97 0.97 0.98 0.98 0.99 0.99 0.99 0.99 0.99 1.00 1.00 1.00
-5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60
19.47 19.47 19.46 19.46 19.46 19.46 19.46 19.46 19.46 19.46 19.45 19.45
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
19.09 19.09 19.09 19.09 19.09 19.09 19.09 19.09 19.09 19.09 19.09 19.09
297 297 297 297 297 297 297 2,97 297 2,97 297 2,97
2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81
2.74 278 2.81 2.82 2.83 2.84 2.85 2.86 2.87 2.88 2.89 2.90
73.01 73.00 73.00 72,99 72.99 72,99 72,99 72,99 72,99 72.98 7298 72.98
0.51 0.86 1.28 1.40 1.52 1.64 1.76 1.89 2.03 2.16 230 2.44
3.16 4.16 5.16 5.40 5.64 5.88 6.12 6.36 6.64 6.88 7.12 7.36
3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16
0.95 0.95 0.96 0.96 0.96 0.96 0.96 0.97 0.97 0.97 0.97 0.97
0.66 0.67 0.67 0.67 0.67 0.67 0.68 0.68 0.68 0.68 0.68 0.68
-3.12 -3.12 -3.12 -3.12 -3.12 -3.12 -3.12 -3.12 -3.12 -3.12 -3.12 -3.12
2492 24.92 24.92 2491 2491 2491 2491 2491 2491 2491 2491 2491
0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
24,53 24,53 24.54 24.54 24.54 24.54 24.54 24.54 24.54 24.54 24.54 24.54
332 332 332 332 332 332 332 332 332 332 332 332
2.34 2.34 2.34 2.34 2.34 2.34 2.34 2.34 2.34 2.34 2.34 2.34
2.66 2.70 2,74 2.75 2.76 2.77 2.78 2.79 2.80 2.81 2.82 2.83
67.62 67.61 67.61 67.61 67.61 67.61 67.60 67.60 67.60 67.60 67.60 67.60
0.08 0.26 0.51 0.59 0.67 0.75 0.84 0.93 1.02 1.12 122 1.33
1.28 2.28 3.28 3.52 3.76 4.00 4.24 448 4.76 5.00 5.24 548
1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28
0.66 0.67 0.67 0.67 0.67 0.68 0.68 0.68 0.68 0.68 0.68 0.68
0.43 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.45 0.45 0.45
-1.28 -1.27 -1.27 -1.27 -1.27 -1.27 -1.27 -1.27 -1.27 -1.27 -1.27 -1.27
31.12 3111 31.11 3111 31.11 31.11 31.11 31.11 31.11 31.11 3111 31.11
0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
30.73 30.73 30.74 30.74 30.74 30.74 30.74 30.74 30.74 30.75 30.75 30.75
3.67 3.67 3.67 3.67 3.67 3.67 3.67 3.67 3.67 3.67 3.67 3.67
1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98
2.60 2.64 2.68 2.69 2.70 271 2.72 2.73 2.74 2.75 2.76 277
61.73 61.73 61.72 61.72 61.72 61.72 61.72 61.72 61.72 61.71 61.71 61.71
0.00 0.03 0.16 0.20 0.24 0.30 0.35 0.41 048 0.54 0.62 0.69
0.15 0.84 1.84 2.08 232 2.56 2.80 3.08 332 3.56 3.80 4.04
-0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15
0.52 043 0.43 043 0.43 043 0.43 0.43 043 043 0.44 0.44
0.32 0.26 0.26 0.26 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
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The results from the separable case when there is no preference for wealth, y =1,

show that the welfare costs of inflation are higher using the transaction cost mechanism
than the welfare costs determined by\ Cooley and Hansen (1989) using the cash-in-
advance constraint that sets a unitary velocity of money. However, both the current study
and that of Cooley and Hansen infer that the money growth rate target has no impact on
real wages or capital returns, which are both based on the capital-to-hours ratio of the
economy. Since real interest rates do not adjust with money growth rate changes when
there is no preference for wealth, an increase in the money growth rate target would
affect nominal interest rates on a one-to-one basis. Moderate declines in real wealth result
as mnflation levels increases. This result is likely linked to the increase in transaction costs
resulting from inflationary adjustments moving the velocity of money further away from
its Pareto optimal value.

When there is no preference for wealth, the welfare costs of inflation estimates for
a 2 percent money growth rate target measure approximately a 1.29 percent loss in terms
of composite goods, G, and 0.98 percent loss in terms of GDP. The welfare costs show
only slight differences with respect to moderate inflation levels ranging from 0 to 4.25
percent. The welfare costs of inflation are very different when a preference for wealth is
assumed.

When there is a preference for wealth, ¥ <1, the welfare costs of the inflation are
smaller than in the case of no wealth preference. These costs become gradually smaller as

the preference for wealth grows (or the relative preference for consumption, y, falls).

The preference for wealth affects the optimal rate of inflation. When a preference for
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wealth is present, the Freidman rule no longer holds. The money growth rates examined

are not as far from the optimal rate, and thus the welfare costs are reduced as the
economy’s preference for wealth increases. The loss falls to approximately 0.43 percent
in terms of goods and 0.26 percent in terms of GDP at a 2 percent inflation rate when the

relative preference for wealth increases to 0.20, » = 0.80.

Policymakers do not choose households’ preference levels and in this case choose
only the money growth rate for the economy. However, an increase in the preference for
wealth is tied to decreases in the velocity of money, moving the velocity closer to the
Pareto optimal level. At the Pareto optimal level, the transaction costs converge to zero as
do the welfare costs of inflation. The wealth preference level necessary to eliminate these
costs may be considered unrealistically high. The policymakers in an attempt to alleviate
the welfare costs set the velocity of money closer to the Pareto optimal rate. Using the
money demand equation borrowed from Schmitt-Grohe and Uribe (2004), this attempt
would involve a short-term interest rate target.

Policymakers in the U.S. target short-term rates, the federal funds rate, in an
attempt to maintain a level of price stability. Short-term rate targets are announced in the
minutes of the Federal Open Market Committee regularly. The average federal funds rate

over the sample period, 1964:01-2004:04, is approximately 6.56 percent compounded
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quarterly.“ The welfare costs derived after incorporating this average short-term rate target

are displayed in Table 4.1.2 for various money growth rates and wealth preference levels.'?

Accounting for short-term rate targets makes the welfare cosfs of inflation very
different and in many ways much more meaningful in comparison with U.S. monetary
policy. If high enough, the short-term rate target helps to ensure positive real interest
rates at moderate rates of inflation.

The welfare costs in terms of goods increase as the money growth rate target
increases, positing a theory for implementing positive money growth rate targets. The
welfare cost estimates over these moderate ratés of inflation increase with inflation, but
these increases are very small. Keeping this in mind, policymakers would attempt to
target money growth rates at which the welfare costs presented in Table 4.1.2 converge to
zero. The results suggest a positive money growth rate target lying between 2 and 4
percent. The results obtained in this analysis suggest the money growth rate target is
dependent on the relative preference for wealth present in the economy. As the preference
for wealth rises, the money growth rate target eliminating the welfare costs of inflation
increases as well. This behavior seems to stem from increasing wages and decreasing

rental rates, changing labor force demands as wealth preferences increase.

" The federal funds rate data is published monthly by the Federal Reserve. The average quarterly rate of
6.56 percent is the nominal quarterly rate that has the same effective rate as the average nominal monthly
rate over the sample period.

12 Tables 4.1.2, 4.2.1.b, and 4.2.2.b display the welfare costs derived by comparing the cashless economy to
the Pareto optimal cash economy.
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Table 4.1.2: Welfare Costs by Inflation Rate and Relative Preference for Consumption and Wealth

Separable Preferences over Consumption and Wealth (Target Interest Rate = 6.56%)

Annual Inflation Rate

=1 0.00% 1.00% 2.00% 225% 250% 2.75% 3.00% 3.25% 3.50% 3.75% 4.00% 4.25%
Wealth 13.17 15.00 17.26 17.91 18.59 19.32 20.10 20.92 21.80 22,74 23.75-  24.83
Labor 0.31 0.31 0.32 0.32 032 0.33 0.33 0.33 0.33 0.34 0.34 0.34
Capital 12.83 14.64 16.88 17.53 18.21 18.93 19.70 20.52 21.40 2233 23.33 24.41
Wages 2.54 2.65 277 2.80 2.84 2.87 2.91 294 298 3.02 3.06 3.10
Capital Returns** 3.65 3.40 3.16 3.10 3.04 2.98 2.92 2.86 2.80 2.74 2.68 2.62
Velocity 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
C/Y** 79.22 77.71 75.98 75.51 75.02 74.51 73.98 73.44 72.87 72.28 71.66 71.02
TC/Y*100** 2.16 2,12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
Nom Interest ** 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
Real Interest ** 6.56 5.56 4.56 4.28 4.04 3.80 3.56 3.32 3.08 2.84 2.60 2,36
WCLAG*100** (0.16) (0.12) (0.03) 0.01 0.05 0.11 0.18 0.27 0.40 0.58 0.84 1.25
WCLAG*G/Y*100**  (0.13)  (0.09)  (0.02) 0.00 0.04 0.08 0.13 0.20 0.29 0.42 0.60 0.89
7=0.9
Wealth 11.86 13.52 15.57 16.16 16.78 17.44 18.15 18.90 19.70  20.55 21.47 2245
Labor 0.28 0.28 0.29 0.29 0.29 0.29 0.30 0.30 0.30 0.30 0.31 0.31
Capital 11.55 13.19 15.23 15.81 16.43 17.09 17.79 18.54 19.33 20.18 21.09 22.07
Wages 2.54 2.65 2.77 2.80 2.84 2.87 291 2.95 2.98 3.02 3.06 311
Capital Returns** 3.65 3.40 3.16 3.09 3.03 297 291 2.85 2.79 273 2.67 2.61
Velocity 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
Cry** 79.22 77.69 75.95 75.48 74.98 74.47 73.94 73.39 72.82 72.22 71.60 70.95
TC/Y*100** 2.16 2.12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
Nom Interest ** 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
Real Interest ** 6.56 5.56 4.56 428 4.04 3.80 3.56 332 3.08 2.84 2.60 2.36
WCLAG*100** 0.27) (024) (0.19) (0.16) (0.13) (0.09) (0.03) 0.04 0.15 0.29 0.51 0.86
WCLAG*G/Y*100**  (047) (045) (0.36) (031) (0.25) (0.17) (0.06) 0.09 0.30 0.60 1.06 1.80
v=0.8
Wealth 10.54 12.03 13.88 14.40 14.97 15.56 16.20 16.87 17.59 18.36 19.18  20.07
Labor 0.25 0.25 0.26 0.26 0.26 0.26 0.26 0.27 0.27 0.27 0.27 0.27
Capital 10.27 11.74 13.57 14.10 14.66 15.25 15.88 16.55 17.27 18.03 18.85 19.73
Wages 2.54 2.65 277 2.81 2.84 2.88 291 2.95 2.99 3.03 3.07 311
Capital Returns** 3.65 3.40 3.15 3.09 3.03 297 291 2.84 2.78 272 2.66 2.60
Velocity 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
C/Y** 79.22 77.68 75.92 75.44 74.94 74.42 73.89 73.33 72.75 72.15 71.52 70.87
TC/Y*100** 2.16 2.12 2.07 2.05 2.04 2.03 2.01 2.00 1.98 1.96 1.95 1.93
Nom Interest ** 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
Real Interest ** 6.56 5.56 4.56 4.28 4.04 3.80 3.56 332 3.08 2.84 2.60 2.36
WCTAG*100** (037) (037) (035 (0.33) (031) (028) (0249 (0219 (0.11) 0.00 0.18 0.47
WCLAG*G/Y*100**  (1.02) (1.07) _(1.05) (1.02) (0.97) (0.90) (0.78) (0.62) (0.37) 0.01 0.62 1.63
v=0.7
Wealth 9.22 10.55 12.18 12.65 13.15 13.68 14.25 14.84 15.48 16.17 16.90 17.68
Labor 0.21 0.22 0.22 0.23 0.23 0.23 0.23 0.23 0.23 0.24 0.24 0.24
Capital 8.98 10.30 11.92 12.39 12.88 13.41 13.97 14.56 15.20 15.88 16.61 17.39
Wages 2.54 2.65 2.78 2.81 2.84 2.88 292 2.95 2.99 3.03 3.07 312
Capital Returns** 3.65 3.40 3.14 3.08 3.02 2.96 2.90 2.84 2.78 2.72 2.66 2.60
Velocity 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
Cry** 79.22 77.66 75.87 75.39 74.88 74.36 73.82 73.25 72.67 72.06 71.43 70.76
TC/Y*100** 2.16 2.11 2.07 2.05 2.04 2.03 2.01 1.99 1.98 1.96 1.95 1.93
Nom Interest ** 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
Real Interest ** 6.56 5.56 4.56 4.28 4.04 3.80 3.56 3.32 3.08 2.84 2.60 2.36
WCLAG*100** (0.48) (0.50) (050) (0.50) (049) (0.48) (045) (042) (037) (028) (0.15) 0.07
WCLAG*G/Y*100**  (1.79) (1.97) (212) (213) (213) (210) (2.04) (1.91) (L.70) (1.34) (0.73) 0.36
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When a relative preference for wealth exists, results suggest adjustments in the

money growth rate lead to changes in the real wage as well as real and nominal interest
rates. Moreover, if policymakers target money growth rate levels around 2 to 3 percent
like current monetary policy in the U.S., changes in the real wage that could be explained
in part by the business cycle could also be explained by changes in the economy’s
relative preference for wealth. An increase in the relative preference for wealth is
associated with not only an increase in real wages but also a decrease in both real and
nominal interest rates and declines in consumption’s share of output. Conversely, a
decrease in wealth preferences has the opposite effect on these economic variables.
Additionally, households deriving utility from consumption would prefer a
smooth consumption profile rather than one that is more volatile. When a preference for
wealth is present, households are not only interested in smoothing their consumption
profile but also smoothing their wealth profile. Wealth provides for future consumption.
Thus, increasing the relative weight households place on wealth has a smoothing effect
on both consumption and wealth. Households derive disutility from work and as the
preference for wealth increases the percentage of hours supplied to the labor market has
declined. This substitution effect may explain the rise in real wages determined by the

model when the relative preference for wealth increases.
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Figure 4.1: Adjustments in the U.S. Share of Output from 1964:01 to 2004:04
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Note: C/Y denotes consumption’s share of output and X/Y denotes investment’s share of
output. The ratio, TC/Y, denotes the share of output that is neither consumed nor invested:
transaction cost share of output.

U.S. quarterly data from 1964:01 to 2004:04 support this economic phenomenon.
Figure 4.1 shows changes in consumption’s share of output, investment’s share of output,
and the statistical difference that would reflect output not consumed or invested (i.e.,
transaction costs). When relating the U.S. data to the results from the separable case, it is
clear that the transaction cost estimates determined by the model are much lower than
those reflected in the U.S., implying other distortions that are thought to affect the
velocity of money might be a valuable extension of the model. However, when
addressing the average consumption-to-output ratio, C/Y, the figure shows this measure

has increased over this time period. At the same time, the investment-to-output ratio and
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unemployment rates have declined, and money growth rate targets have been set at

moderate rates similar to those analyzed here.

4.2 Non-Separable Preferences

The time non-separable assumption implies that households are concerned with
the fluctuation in the level of consumption as well as the volatility of consumption. These
characteristics are associated with risk-averse investors. The results based on the non-
separable assumption are reported for the case in which consumption and wealth are
complements and the case in which they are substitutes. The results are dependent on the
specific of the way monetary policy is conducted and are reported for various money
growth rate rules when no short-term rate is targeted and again when a short-term rate

target by policymakers is assumed.

4.2.1 Consumption and Wealth Complements (o =1.5 and n=2.5)

When consumption and wealth are complements an inflation increase has a
decreasing effect on both consumption and wealth. Under this specification of the
household’s utility function, the employment of a money growth rate target policy yields
welfare costs associated with moderate inflation. Like the findings of Cooley and Hansen
(1989), inflation has no effect on wages and rental rates, and the relatively small positive
welfare costs do not significantly differ at low levels of inflation. The welfare cost

estimates are presented in Table 4.2.1a.
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Table 4.2.1a: Welfare Costs by Inflation Rate and Relative Preference for Consumption and Wealth

Non-Separable Preferences: Consumption and Wealth are Compliments (Money Growth Rate Target Only)

y=1

Wealth

Labor

Capital

Wages

Capital Returns**

Velocity

C /Y %%k

TC/Y*100**

Nom Interest **

Real Interest **

WCLAG**

WCLAG*G/Y**

OPT INF RATE
v=0.9

Wealth

Labor

Capital

Wages

Capital Returns™**

Velocity

C /Y %%k

TC/Y*100**

Nom Interest **

Real Interest **

WCLAG**

WCLAG*G/Y**

OPT INF RATE
¥=0.8

Wealth

Labor

Capital

Wages

Capital Returns**

Velocity

C /Y *k

TC/Y*100**

Nom Interest **

Real Interest **

WCLAG**

WCLAG*G/Y **

OPT INF RATE
y=0.7

Wealth

Labor

Capital

Wages

Capital Returns**

Velocity

C /Y %%k

TC/Y*100**

Nom Interest **

Real Interest **

WCLAG**

WCLAG*G/Y**

OPT INF RATE

Annual Inflation Rate

0.00% 1.00% 2.00% 225% 2.50% 2.75% 3.00% 325% 3.50% 3.75% 4.00% 4.25%
1461 1461 1460 1460 1460 1460 14.60 14.60 14.60 1459 1459 14.59
0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
1425 1425 1425 1425 1425 1425 1425 1425 1425 1425 1425 1425
2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63
3.44 3.44 3.44 3.44 344 3.44 3.44 3.44 3.44 3.44 3.44 3.44
2.84 2.87 291 2.92 2.93 2.94 2.95 2.96 297 2.98 298 2.99
7793 7793 7792 7792 7792 7792 7791 7791 7791 7791 7791 7791
1.64 220 2.82 2.98 3.15 3.32 3.49 3.66 3.84 4.02 420 439
5.68 6.68 7.68 7.96 8.20 8.44 8.68 8.92 9.20 9.44 9.68 9.92
5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68
0.85 0.85 0.86 0.86 0.87 0.87 0.87 0.87 0.87 0.88 0.88 0.88
0.63 0.64 0.64 0.65 0.65 0.65 0.65 0.65 0.65 0.66 0.66 0.66
-5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60
1436 1436 1435 1435 1435 1435 1435 1435 1435 1435 1435 1434
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
14.01 1401 1401 1401 1401 1401 1401 1401 1401 1401 1401 14.01
2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64
342 342 342 342 3.42 342 342 342 342 342 342 342
2.83 2.87 291 292 2.93 2.94 2.95 2.96 2.96 297 298 2.99
7784 7783 7783 7782 7782 7782 77.82 7782 7782 7781 7781 77.81
1.61 2.16 2.78 2.94 311 3.27 3.44 3.62 3.79 3.97 4.15 434
5.60 6.64 7.64 7.88 8.12 8.36 8.64 8.88 9.12 9.36 9.60 9.88
5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60
0.84 0.85 0.86 0.86 0.86 0.86 0.87 0.87 0.87 0.87 0.88 0.88
0.60 0.61 0.61 0.61 0.61 0.62 0.62 0.62 0.62 0.62 0.62 0.63
-554 -554 -554 -554 -554 -554 -554 -554 -554 -554 -554 -554
1410 1410 1409 1409 1409 1409 1409 1409 1408 1408 1408 14.08
0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
13.76 1376 13.76 13.76 13.76 13.76 1376 13.76 13.76 13.76 13.76 13.76
2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.65
341 3.41 341 341 341 341 341 341 341 3.41 341 3.41
2.83 2.87 291 292 2.93 2.93 2.94 2.95 2.96 297 298 2.99
7772 7772 771 771 771 77700 77700 77700 7770 77700 77700 77.69
1.57 2.12 2.73 2.89 3.05 322 3.39 3.56 3.73 391 4.09 4.27
5.56 6.56 7.56 7.80 8.04 8.32 8.56 8.80 9.04 9.28 9.56 9.80
5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56
0.84 0.85 0.85 0.86 0.86 0.86 0.86 0.86 0.87 0.87 0.87 0.87
0.57 0.57 0.58 0.58 0.58 0.58 0.58 0.58 0.59 0.59 0.59 0.59
-547 547 547 -547 -547 -547 -547 -547 -547 -547 -547 -547
13.82 13.81 13.81 1381 13.81 1381 13.81 13.80 13.80 13.80 13.80 13.80
0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
1349 1349 1349 1349 1349 1349 1349 1349 1349 1349 1349 1349
2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66 2.66
3.38 3.38 3.38 3.38 3.38 3.38 3.38 3.38 3.38 3.38 3.38 3.38
283 287 2.90 291 292 293 2.94 295 2.96 297 2.98 2.99
77.58 7157 77.56 77.56 77.56 77.56 7756 77.55 77.55 77.55 7755 7755
1.52 2.06 2.67 2.82 2.99 3.15 3.32 349 3.66 3.84 4.02 420
5.44 6.48 7.48 7.72 7.96 8.20 8.48 8.72 8.96 9.20 9.44 9.68
544 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44
0.83 0.84 0.85 0.85 0.85 0.85 0.86 0.86 0.86 0.86 0.87 0.87
0.53 0.53 0.54 0.54 0.54 0.54 0.54 0.55 0.55 0.55 0.55 0.55
-528 -528 -528 -528 -528 -528 -528 -528 -528 -528 -528 -528
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When policymakers target money growth rates only, the welfare costs of inflation

estimates are approximately 0.86 percent in terms of goods and 0.64 percent of real GDP.
Just as the welfare cost estimates did not significantly differ due to changes in the level of
inflation, the welfare costs when consumption and wealth are complements do not
significantly differ with changes in the economy’s relative preference for wealth. The
loss falls to approximately 0.85 percent in terms of goods and 0.54 percent in terms of
GDP at a 2 percent inflation rate when the relative preference for wealth increases to

0.20, ¥ =0.80.

When policymakers target short-term interest rates, welfare costs of inflation
between the cashless and cash economies with the same rate target show significantly
high costs in terms of goods associated with increasing the money growth rate target;
however, remembering that the cost in terms of goods from the Pareto optimal economy
increase moderately with inflation, the policymakers would set money growth rates so
that the welfare costs associated with setting the interest rate above zero are eliminated.
This result is displayed in Table 4.2.1b. These costs could reflect the increase in work
hours required as upward inflation rate adjustments reduce the real returns to capital. A
money growth rate target between 2 and 2.5 percent results over various wealth
preference levels within the range 0 <y <0.70. Again, under a short-term interest rate

target policy, the costs increase with inflation and decrease with the preference for

wealth.
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Table 4.2.1b: Welfare Costs by Inflation Rate and Relative Preference for Consumption and Wealth

Non-Separable Preferences: Consumption and Wealth are Compliments (Target Interest Rate = 6.56%)

=1
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Y**
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y**
1=0.9
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Y**
TC/Y*100%*
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y**
1=0.8
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Y**
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y**
y=0.7
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C/Ylll *
TC/Y*100%*
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y**

Annual Inflation Rate

0.00% 1.00% 200% 2.25% 250% 2.75% 3.00% 325% 3.50% 3.75% 4.00% 4.25%
13.23 14.85 16.83 17.39 17.99 18.62 19.29 19.99 20.75 21.55 22.40 2331

0.31 0.31 0.31 0.31 0.31 0.31 0.32 0.32 0.32 0.32 0.32 0.32
12.88 14.49 16.46 17.02 17.62 18.24 18.91 19.61 2036 2116 22,01 22.92
2.54 2.65 2.77 2.80 2.84 2.87 291 2.94 2.98 3.02 3.06 3.10

3.65 3.40 3.16 3.10 3.04 2.98 2.92 2.86 2.80 2.74 2.68 2.62
2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
79.22 77.71 75.98 7551 75.02  74.51 7398 7344 7287  72.28 71.66 71.02

2.16 2,12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 4.28 4.04 3.80 3.56 3.32 3.08 2.84 2.60 2.36

(18.40) (1398) (4.08) 0.I3 5.55 12.65 2223 35.55 54.95 8490 13526 231.37
(14.57) (10.86)  (3.10) 0.10 4.16 9.43 1644  26.11 40.04 61.36 96.93 164.31

12.91 14.49 16.43 16.98 17.56 18.17 18.83 19.52 20.25 21.04 21.87 22.76
0.30 0.30 0.30 0.31 0.31 0.31 0.31 031 0.31 0.31 0.31 0.31
12.57 14.15 16.07 16.62 17.20 17.81 18.46 19.15 19.88 20.66 21.49 22,38
2.54 2.65 2.77 2.80 2.84 2.87 291 2.94 2.98 3.02 3.06 3.10

3.65 3.40 3.16 3.10 3.04 2.98 292 2.86 2.80 2.74 2.68 2.62
2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
79.22 77.71 75.98 75.51 75.02 74.51 73.98 73.44 72.87 72.28 71.66 71.02
2.16 2.12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 428 4.04 3.80 3.56 3.32 3.08 2.84 2.60 2.36

(18.56) (14.14) (424) (0.04) 5.37 12.47 22.03 35.34 54.70 84.61 13490 230.86
(32.82) (25.87) (8.06) (0.07) 10.41 24.42 43.61 7073  110.75 17332  279.67 484.59

12.56 14.10 15.99 16.52 17.09 17.69 18.33 19.00 19.72 20.48 21.29 22.16
0.29 0.29 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.31
12.23 13.77 15.64 16.17 16.74 17.33 17.97 18.64 19.35 20.11 20.92 21.79

2.54 2.65 2.77 2.80 2.84 2.87 291 2.94 2.98 3.02 3.06 3.10
3.65 3.40 3.16 3.10 3.04 298 2.92 2.86 2.80 2.74 2.68 2.62
2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
79.22 77.71 75.98 75.51 75.02 74.51 73.98 73.44 72.87 72.27 71.66 71.01
2.16 2.12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 4.28 4.04 3.80 3.56 3.32 3.08 2.84 2.60 2.36

(18.75) (1433) (445) (0.25) 5.15 1224 2178 35.07 54.40 8425 13444 230.23
(51.50) (41.32) (13.53) (0.78) 16.10 3881 70.12  114.63  180.63 284.28 461.13 803.04

12.17 13.67 15.50 16.02 16.57 17.16 17.77 18.43 19.12 19.86 20.65 21.50
0.28 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.30 0.30
11.85 13.34 15.16 15.68 16.23 16.81 17.42 18.08 18.77 19.51 20.29 21.13
2.54 2.65 2.77 2.80 2.84 2.87 291 2.94 2.98 3.02 3.06 3.10
3.65 3.40 3.16 3.10 3.04 298 292 2.86 2.80 2.74 2.68 2.62
2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
79.22 71.71 75.98 75.51 75.02 74.51 73.98 73.43 72.87 72.27 71.66 71.01
2.16 2,12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 428 4.04 3.80 3.56 332 3.08 2.84 2.60 2.36
(19.01) (1459) (472) (0.53) 4.87 11.94 2146 34.72 54.01 83.79  133.86 229.42
(70.77) (57.41) (19.72) (2.23)  20.99 52.35 9571 157.50 24932 393.82 640.77 1118.90
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4.2.2 Consumption and Wealth Substitutes (o =2.5 and n =1.5)

Under the time non-separable assumption for which consumption and wealth are
substitutes, households respond to expected increases in inflation by substituting away
from capital markets and toward consumption purchases in an attempt to sustain their
wealth. Households potentially increase their demand for consumer durables whose
values increase in an inflationary low interest rate environment (e.g., demands for
housing). Targeting money growth rates leads to positive welfare costs of inflation that
increase but only slightly with the inflation level targeted.

When consumption and wealth are substitutes and there is no preference for
wealth, the welfare cost estimates are smaller than those seen in the other two cases.
When there is no preference for wealth, the welfare cost of inflation is approximately
0.52 percent in terms of goods and 0.40 percent of output for moderate levels of inflation.
The results are presented in Table 4.2.2a. Yet, unlike the results from section 4.2.1 in
which consumption and wealth were complements, as the preference for wealth
increases, the wealth-reducing impact of inflation seems somewhat mitigated, possibly
due to the portfolio adjustments made by the households. Changes in the preference for
wealth have an effect on welfare costs of inflation similar to that seen in the separable
case. The welfare costs of inflation decrease as the preference for wealth increases. In
fact, the welfare costs at a wealth preference level of 0.30 fall to 0.28 percent of goods

and 0.24 percent of output.
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Table 4.2.2a: Welfare Costs by Inflation Rate and Relative Preference for Consumption and Wealth

Non-Separable Preferences: Consumption and Wealth are Substitutes (Money Growth Rate Target Only)

v=1
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y x K
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE
v=0.9
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y Ak
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE
v=0.8
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y *k
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE
v=0.7
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y * %
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG*G/Y**
OPT INF RATE

Annual Inflation Rate
0.00% 1.00% 2.00% 225% 2.50% 275% 3.00% 325% 3.50% 375% 4.00% 4.25%
T 14.52 14.51 14.51 14.51 14.51 14.50 14.50 14.50 14.50 14.50 14.50 14.50
0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
14.16 14.16 14.16 14.16 1416 14.16 14.16 14.16 14.16 14.16 14.16 14.16
2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63
344 3.44 3.44 3.44 3.44 3.44 3.44 3.44 3.44 3.44 3.44 3.44
2.84 2.87 291 292 2.93 2.94 2.95 2.96 2.97 2.98 2.98 2.99
7793 7793 7792 7792 7792 7792 7791 77191 7791 7791 7791 7791
1.64 2.20 2.82 2.98 3.15 332 349 3.66 3.84 4.02 4.20 4.39
5.68 6.68 7.68 7.96 8.20 8.44 8.68 8.92 9.20 9.44 9.68 9.92
5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68
0.51 0.52 0.52 0.52 0.53 0.53 0.53 0.53 0.53 0.54 0.54 0.54
0.39 0.40 0.40 0.40 0.40 0.41 0.41 0.41 0.41 0.41 041 0.42
-5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60 -5.60
1427 1427 1427 1426 1426 1426 1426 1426 1426 1426 1426 1426
0.28 0.28 028 028 0.28 0.28 028 0.28 0.28 028 028 028
1394 1394 1395 1395 1395 1395 1395 1395 1395 1395 1395 1395
272 2.72 2.73 2.73 2.73 2.73 2.73 273 2.73 273 2.73 273
324 3.24 3.24 324 324 324 3.24 3.24 3.24 3.24 324 324
2.81 2.84 2.88 2.89 2.90 291 292 293 2.94 2.95 2.96 2.96
76.62 7662 7661 7661 76,61 76.61 76,60 76.60 76.60 7660 76.60 76.60
1.23 1.73 2.29 2.44 2.59 2.75 291 3.07 323 3.40 3.57 3.74
4.88 5.92 6.92 7.16 7.40 7.64 7.88 8.16 8.40 8.64 8.88 9.12
4.88 4.88 4.88 4.88 4.88 4.88 4.88 488 4.88 4.88 4.88 4.88
0.43 0.44 0.44 0.44 0.45 045 0.45 0.45 0.45 0.46 0.46 0.46
0.34 0.35 0.35 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.37 0.37
-4.84 -4.84 -4.84 -4.84 -4.84 -4.84 -4.84 -4.84 -4.84 -4.84 -4.84 -4.84
1396 1396 1395 1395 1395 1395 1395 1395 1395 1395 1395 1395
0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
13.66 13.66  13.66 13.66 13.66 13.66 13.66 13.66 13.66 13.66 13.66 13.66
2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83
3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05
277 2.81 2.85 2.86 2.87 2.88 2.89 2.90 291 292 2.93 2.94
75.15 7514 7514 7514 7513 7513 75113 7513 7513 7513 7512 7512
0.88 1.31 1.81 1.95 2.08 223 2,37 2.52 2.67 2.82 2.98 3.14
4.12 5.12 6.12 6.36 6.60 6.88 7.12 7.36 7.60 7.84 8.08 8.36
412 4.12 4.12 4.12 4.12 4.12 4.12 4.12 4.12 4.12 4.12 4.12
0.35 0.35 0.36 0.36 0.36 0.36 0.37 0.37 0.37 0.37 0.37 0.37
0.29 0.30 0.30 0.30 0.30 0.31 0.31 0.31 0.31 031 0.31 0.31
-4,08 -4.08 -4.08 -4.08 -4.08 -4.08 -4.08 -4.08 -4,08 -4.08 -4.08 -4,08
13.57 13.57 13.57 13.57 13.56  13.56 13.56 13.56 13.56 13.56 13.56 13.56
0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21
1330 1330 1330 1330 13.30 1330 1330 13.30 1330 1331 1331 1331
2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94
2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86
2.74 2.78 2.82 2.83 2.84 2.85 2.86 2.87 2.88 2.89 2.90 291
7346 7345 7345 7345 7344 7344 7344 7344 7344 7344 7343 7343
0.58 0.94 1.38 1.50 1.62 1.75 1.88 2.01 2.15 2.29 2.43 2.57
332 4.36 532 5.60 5.84 6.08 6.32 6.56 6.80 7.08 7.32 7.56
332 332 332 332 332 332 332 332 332 332 332 332
027 0.27 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.29 0.29 0.29
0.24 0.24 024 024 025 0.25 0.25 0.25 0.25 0.25 0.25 025
-3.27 -3.27 -3.27 -3.27 -3.27 -3.27 -3.27 -3.27 -3.27 -3.27 -3.26 -3.26
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Table 4.2.2b: Welfare Costs by Inflation Rate and Relative Preference for Consumption and Wealth

Non-Separable Preferences: Consumption and Wealth are Substitutes (Target Interest Rate = 6.56%)

v=1
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y $0ok
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y **
¥=0.9
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y *ok
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y**
v=0.8
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y *xk
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y**
v=0.7
Wealth
Labor
Capital
Wages
Capital Returns**
Velocity
C /Y * %k
TC/Y*100**
Nom Interest **
Real Interest **
WCLAG**
WCLAG/Y **

Annual Inflation Rate

0.00% 1.00% 200% 225% 250% 275% 3.00% 325% 3.50% 375% 4.00% 4.25%
13.27 1473 1649 1699 17.52 18.07 18.66 1928 1994 2064 21.38 2217
0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
1292 1438 16.13 1663 17.15 1771 1829 1891 1957 2026 2100 21.79
2.54 2.65 277 2.80 2.84 2.87 291 294 2.98 3.02 3.06 3.10
3.65 3.40 3.16 3.10 3.04 2.98 2.92 2.86 2.80 2.74 2.68 2,62
2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
7922 7771 7598 7551 7502 7451 7398 7344 7287 7228 7166 71.02
2.16 2.12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 193
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 428 4.04 3.80 3.56 332 3.08 2.84 2.60 2.36
(5.89) (435 (1.26) (0.06) 1.39 3.15 5.34 8.06 11.51 1599 2195 3026
(4.66) (3.38) (0.96) (0.05) 1.04 2.35 3.95 5.92 8.39 11.55 15.73 21.49
1198 1328 1486 1531 1578 1628 1680 1735 1794 1857 1923 1993
0.28 0.28 0.28 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
11.66 1297 1454 1498 1545 1595 1647 17.02 17,61 1823 1889 19.60
2.54 2.65 277 2.80 2.84 2.87 291 2.94 298 3.02 3.06 3.10
3.65 3.40 316 3.10 3.04 2.98 292 2.86 2.80 274 2.68 2.62
2.87 2.87 2.87 287 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
7922 7770 7597 7550 7501 7450 7397 7343 7286 7226 7165 71.00
2.16 2.12 2.07 2.06 2,04 2.03 201 2.00 1.98 1.97 1.95 1.93
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 428 4.04 3.80 3.56 3.32 3.08 2.84 2.60 2.36
(6.82) (5390 (243) (127) 0.3 185 398 665 1004 1443 2031 28.50
(12.06) (9.86) (4.62) (2.45) 0.25 3.63 7.89 1331 2032 29.57 4211 59.84
1070 11.86 13.26 13.65 1407 1451 1497 1546 1598 16.53 17.11 17.74
0.25 0.25 0.25 0.25 0.24 0.24 0.24 024 0.24 0.24 0.24 0.24
1042 11.58 1297 1336 1378 1421 1468 1517 1568 1623 1682 17.4
2.54 2.65 277 2.80 2.84 2.87 291 2.94 2.98 3.02 3.06 3.10
3.65 3.40 3.16 3.10 3.03 297 291 2.85 2.79 273 2.67 2.61
2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
7922 7770 7596 7549 7500 7449 7396 7341 7284 7225 7163 7098
2.16 2.12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 428 4.04 3.80 3.56 3.32 3.08 2.84 2.60 236
(7.89) (659 (3.80) (270) (1.35) 0.32 238 4.97 828 1258 1835 2640
(21.68) (19.02) (11.57) (8.32) (4.22) 1.00 7.67 1627 2751 4249 6297 9216
945 1046 11.68 12.03 1239 1277 13.17 1360 1405 1453 15.04 15.58
022 022 0.22 0.22 0.22 0.22 0.21 021 0.21 0.21 0.21 0.21
920 1021 1143 11.77 12,13 1251 1291 1334 1379 1427 1478 1532
2.54 2.65 2.77 2.80 2.84 2.87 291 2.95 2.98 3.02 3.06 3.10
3.65 3.40 3.16 3.09 3.03 2.97 291 2.85 2.79 2.73 2.67 2.61
287 2.87 2.87 2.87 2.87 2.87 287 287 2.87 2.87 2.87 2.87
7922 7769 7595 7548 7498 7447 7394 7339 72.82 7223 7161 70.96
2.16 2.12 2.07 2.06 2.04 2.03 2.01 2.00 1.98 1.97 1.95 1.93
6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
6.56 5.56 4.56 428 4.04 3.80 3.56 332 3.08 2.84 2.60 2.36
9.16) (8.02) (544) (440) (3.12) (1.53) 0.45 2.96 6.16 1035 1597 23.85
(34.10) (31.59) (22.77) (18.70) (13.46) (6.71) 203 1343 2849 4870 76.56 11649
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Table 4.2.2b displays the results obtained when policymakers are assumed to

target short-term rates. Resultant welfare costs of inflation continue to suggest money
growth rate targets between 2.25 \and 3 percent when households view consumption and
wealth as substitutes and wealth preferences are within the range examined. Further
examination of the results in Table 4.2.2b shows the effect of interest rate targeting is
directly seen in the real interest rate. Faced with a choice to increase or decrease the
inflation target, the results suggest that an increase in the inflation target above 3 percent
could lead to welfare costs in terms of goods for most wealth preferences and all
assumptions of policy implementation. However, a money growth rate of 2 percent would
result in welfare gains, though the gains are higher for some wealth preferences than

others.

Section 5: Conclusions

The welfare cost estimates determined in the time-separable analysis suggest that
the costs of inflation and the business cycle differ based on the time-separable nature
assumed in the household preference structure. The separable assumption of household
preferences seems to portray the outcome in which the average investor is risk neutral,
taking only the expected consumption level and not the volatility of consumption into
consideration when making allocation choices. The non-separable assumptions seem to

portray the outcome in which the average investor is risk averse, taking long-run
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consumption expectations as well as short-term consumption volatility into consideration

when making investment decisions. Thus, the policymakers must act in a manner that
considers the concerns of various types of \ investors, who have different risk
characteristics and wealth preferences, when making policy decisions.

The results obtained when assuming policymakers target short-term interest rates
show that the impact of targeting short-term interést rates is a rise in the real interest rate
as the preference for wealth increases. The results suggest that the appropriate target has
a great impact on the viability of U.S. financial markets and should be chosen carefully,
taking the economy’s preferences into consideration. The estimates from the separable
and non-separable case in which consumption and wealth are considered substitutes are
consistent with the long-run consumption-to-output and investment-to-output ratios
derived from the U.S. economic data over the sample period, 1964:01 to 2004:04, and

also consistent with a moderate inflation target slightly above 2 percent.
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Figure 5.1: Comparison of the Consumption-to-Output Ratio and the Federal Funds Rate
from 1964:01 to 2004:04

78.0% - ’ - 25.00%
76.0% e

. - 20.00%
74.0% -
72.0% - - 15.00%
70.0% - 10.00%
68.0%

5.00%
66.0% -
64.0% : : : 0.00%
Jan-64 Jan-72 Feb-80 Feb-88 Mar-96 Mar-04
"""""" /Y Fed Funds Rate

Note: C/Y denotes consumption’s share of output, and the Fed Funds Rate is the Federal
Funds Rate as reported in the Federal Reserve Historical Database.

Upon analysis of Figure 5.1, which graphs the federal funds rate along with the
consumption-to-output ratio, it is seen that policy determination cannot be attributed to
short-term rate targeting alone. The age makeup of the workforce could account for the
rise in the consumption-to-output ratio. In this analysis, the higher consumption-to-output
ratios were associated with the non-separable case of the risk-averse investor, though as
the federal funds rate decline, the real interest rate would also decline at any given money
growth rate. A reduction in the real interest rate plays a critical role in explaining the
increase in consumption and the decrease in investment’s share of output.

An important caveat pertaining to representative agent models noted by Otrok
(2001) points out that the welfare costs may not be proportionately distributed when

incomplete markets such as the labor market exist in the model economy. In this model
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economy the caveat can be extended to the capital market, the market for savings or

investment. Disproportionate welfare costs are determined based on the differences in the
time preferences assumed for the households in this model.

Risk neutrality is consistent with the suggested rational asset allocation strategies
for young investors with relatively long investment horizons, and risk aversion is
consistent with rational asset allocation strategies of older investors who focus on
maintaining their accumulated wealth. Given that expected welfare costs of the business
cycle are higher for the older investors and are reduced as the targeted rate of inflation
increases under all specifications, the results suggest the age distributions of the U.S.
workforce might play an important role when monetary policy decisions are considered.
An increase in the average age of the U.S. workforce might suggest increases in the
average preference for retirement wealth and decreases in the average share of output
invested. The results of this welfare cost analysis suggest that policymakers, in an attempt
to reduce the welfare costs of inflation, would support moderately low inflation targets

slightly higher than 2 percent.
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Thoughts for Future Research

An empirical investigation using the maximum likelihood approach to determine
whether the data supports a positive relative preference for wealth seems to be the logical
next step in this stream of literature. If this test suggests a positive relative wealth
preference level associated with the U.S. data, further segmentation of the data can help
to determine the direction that the relative preference for wealth has taken over time in
the U.S. |

Additionally, the model has been designed for the future examination of the
welfare costs of the business cycle. The incorporation of a relative preference for
consumption and wealth in a monetary model of the business cycle has shown that both
the effects of a money growth rate innovation and the response to a technology
innovation differ with wealth preferences. Thus, the welfare costs of the business cycle
are thought to differ based on the time-separable assumptions of the household’s utility
function as well as the wealth preference levels of the household. After identifying the
relative wealth preference suggested by the U.S. data, the estimation of the welfare costs

of the business cycle seems to be the next logical step in this stream of literature.
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APPENDIX A

A.1  Solution of the Household’s Decision Problem

The household’s problem can be written in Lagrange form, where the Lagrangians
associated with the budget, investment, and transaction cost function constraints are

A,,9,, and @,, respectively. The Lagrangian of the household’s decision problem then

takes the following form:

[ U(ct’at’ht)+ BE, [V(ktrmt»bt)]

m_y  1_ib,_
+ 4, wth,+r,kt_1+T,+7t7-l+"l"]1;t—L—(l+Tt)Ct"xt"mt—bt:lk. (A.1.1)

£ B L t t
{ Max }m +4; [xt + (1 - 5)kt—1 - kt]
¢ h,m, b x k,A.,q,¢,T i T
t =
R T elePriel g ‘o é’[ATvt+£——2 ATBTJ—E]

L L vt

The household’s decision problem includes the derivation of the first-order and
time-consistent envelope conditions of the model. These conditions are then used along
with the constraints that affect the household’s decision to form a set of competitive
equilibrium conditions. The household’s problem yields the following first-order

conditions:

G- Uc(ct’at’ht)_(l+7})/?'t"¢t§[7_ P (A.1.2)
t

AT BTmt}=o
t
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h, U, (¢, a,,h )+ 4w, =0 (A.1.3)
AT¢, BT
m, : PE, Yol my b= 2~ 0,4 2t +—|=0 (A.14)
m, ¢
b, : BE, {Vb(kt’mt’bt)}_ A4 =0 (A.1.5)
X, 1=A, +q, =0 (A.1.6)
k. : BE, [Vk(kt’mt’bt)]_qt =0 (A-1-7)
. m_  1b
/1,.w,h,+r,kt_1+r,+?+T—(1+T,)c,—-x,-—m,—b, =0 (A.1.8)
g, % +(1=6,_ -k =0 (A.1.9)
BT
0| ATv, +Z——2NA"BT |-T, =0 (A.1.10)
Vi
T:—ci—-@ =0 (A.1.11)

and envelope conditions:

Vm(kt—-l’mt—l9bt 1) (U (c at’ht) {Hij (A.1.12)
Vb(kt—19mt—l9bt—1) ( = ][A’ +U (C at5ht)] (A113)
Vk(kt—l’mt—l’bt—l)=Ua (ct’at’ht)""ltrt + Qt(l _5)- (A.1.14)

The time-consistent envelope conditions needed to combine the first-order conditions

with the envelope conditions are listed below:
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Vm(kt’ mt’bt) =[Ua(ct+l9at+l’ht+1)+ ﬂ’t+l(nl ) (A 1 15)
t+1
Vb kt’ mt’bt) =(HLJ[A’HI + Ua (cz+1’at+l’ht+l )] (A 1 . 16)
t+1
Vi (kt’mt’bt) =U, (ct+l NS ) + AT 4 (1 - 5) . (A.1.17)

The combination of the first-order conditions and the time-consistent envelope conditions

gives the following set of equilibrium conditions for the household.

T T
A B’"f]:o | (A.1.18)

ct:Uc(ct’at’ht)_(l_i_Tt)ﬂ’f_¢t§[?_ 2

t ct

h, U, (¢, a;,h,)+ Aw, =0 (A.1.19)

1 A7c, BT
my : PE, (Ua (ct+1’at+1’ht+l)+/11+1 I . i % 5> +—|=0 (A.1.20)

£+l m, G
I
bt : IBEt {(H_IJ[AHI + Ua (ct+17at+1’ht+l)]} - ﬂ’t =0 (A 1 21)
t+1
x,:=A,+q, =0 (A.1.22)
kt : IBE; {Ua (ct+l’at+l’ht+l)+ ﬂ"t+1’;+1 +4q (1 - 5)}_ q, = 0 (A 1 23)
A twh, +rk,_ +r, + Ly liibiy (U+7)e, —x,—my—b, =0 (A.1.24)
11, 11,
g, :x,+(1=6Y,_;—k =0 (A.1.25)

T
?, .-g[ATv,+Bv——2 ATBT]——T,=O (A.1.26)
4
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T, : Ac, -, =0 (A.1.27)

These 10 equations together with initial conditions %_,,m_,b,, and the appropriate
transversality conditions fully characterize the representative household’s optimal plan
for {cf’at’mf’xf’kf’ht’lt’qt’(ot}:,0

To close the model, the following conditions must hold in the case where all agents are

identical:
m, = gm,-l (A.1.28)
Ht
m
T =m ——=L A.1.29
t mt I—_[t ( )
b=0Vt¢t (A.1.30)

A.2  Competitive Equilibrium Conditions

The optimality conditions of the homogeneous households and the firm, together
with the policy rules of the government, form the following system of equations, which

fully define the economy’s competitive equilibrium:

(+T)e, +x =y, (A2.1)

k=x+(1-6)k,_ (A22)

T
T, =§{AT v,+B——2 AT BT J (A.2.3)

Vi



109

v, =L (A.2.4)
mt )
y, =€k """ (A2.5)
a,=k_ +m, (A.2.6)
n=ae™k,_*h' (A2.7)
w =(1—a)e“k_"h™* (A.2.8)
m, = %mt-l (A.2.9)
AT B'm
U,(c,.an,h)=(+T,)A, +¢,§[—— > "] (A.2.10)
m; ct
U, (c.a,,h)==Aw, (A2.11)
1 ATc, BT
A = BE, {(U a(Ct @ )+ A )(H—J} —0¢ ( Sh+ —J (A2.12)
t+1 m, S
/1:‘ = ﬂEI {(HLJ[ZHI + Ua (ct+1’at+1’ht+l)]} (A213)
t+1
A=, (A.2.14)
qt = ﬂ E; {Ua (ct+1>at+1’ ht+1 ) + Z’t+lrt+l + qt+l(1 - 5)} (A2 1 5)
Ac, =@, (A.2.16)

These 16 equations form a nonlinear system of difference equation that characterizes the

dynamics of{c,,h,,m,,a,,x, . k;,v;, v, W, 03, 11,,1,,2,,4,.0,. T, }.
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The system is subject to the following random shocks gz,u $6,., } affecting both

productivity and the money growth rate in the following manner:
2 =P,%+¢2,,, (A2.17)
10g 6, =(1— pg)0 + py log b, + &, . (A.2.18)

The solution of the system of equations is a time-invariant function of {z,,6,,k,_,,m, ,}.

A.3  Steady-State Analysis

In this section the steady-state values of the economic variables are derived from
the competitive equilibrium conditions from Section A.2. The dynamic properties of the
model are removed by assuming that all variables remain constant for all time. The
steady-state properties give the long-run properties of the model and are used as a basis
from which deviations occur in the stochastic model. The simplified steady-state
properties derived from the competitive equilibrium conditions are given by the

following equations:

(+T)c+x=y (A3.1)

x=6 (A3.2)
BT

T=§{ATV+———2 ATBT] (A.3.3)

— (A3.4)
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y_(KY
(5] a3
a=k+m ‘ (A.3.6)
k a-1
.o “(z) (A3.7)
w=(1 —a)(f;-)a (A.3.8)
@=1IT (A.3.9)
BT

U.(ca,h)=(1 +T)/1+A§[AT v——j (A.3.10)
U, (c,a,h)=—w (A3.11)
,1=,3(Ua(c,a,h)+,1)(—lﬁ)—/1§(ATv2+BT) (A3.12)
A= ﬂ(%)[ﬂ +U,(c.a,h)] (A3.13)
A= pBU,(c.a,h)+Ar+ 2(1-6)) (A3.14)

Substitution of (A.2.14) and (A.2.16) simplifies (A.3.10), (A.3.12), and (A.3.14) and

reduces the number of steady-state equations.
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Welfare Costs of Inflation

The welfare costs of inflation are measured as the percent change in goods that
would equate the steady-state utility in the “cashless economy” with the utility in the
“cash economy.” The welfare costs are calculated using the following formula:

U =U[G(1 + 4G),h]
where

G=r"" 47k

1-o

[(7 ¢ +1=p)a )(1 + AG)}q — Bh

U[G( + 4G)h]= IL
-0
1-o

— - - o I-o
U=1— l [wl " +(-7)a ’]1 "(1+ AG)*~r — Bh
-0

I-o

O+ 8i-)=[r¢"" 4=k 7 (- a)

(U +Br)1-0)

=g
1-

-
(1+ AG)T7 =

1-o
e+ ]
1-n

(@ +Br)1-0)] ™

7 +-7)a""]

(1+4G)=

L/

AG = ,[((7+Bh)(1_o.)]l“-§ |

[}/cl—" +(1—y)al_"]

In the separable case, o =7 =1. To allow for the solution to converge in the limit, the
value of o used was 0.9999, and the value of 7 used was 1.0001.
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A.4 Second-Order Logarithmic Approximation

The second-order logarithmic approximations of the competitive equilibrium
conditions have been determined in order to use Sutherland’s (2002) quadratic solving
technique. The list of the second-order log-approximations is composed of the

following*:

1+ T), +cTT, + x%, - yp, + %(c(l + T +2cTeT, +cTT +x%” - y)";,z)z 0 (A.4.1)

. . 1{ - . A
kkt—xx,—(l—S)kk,_l+5(kkt2—xx,2—(1—5)kkt_12)=0 (A.4.2)
T T
77T, - g{AT v, — B—otj + %[Tﬁz - é’(AT B v,ZD =0 (A4.3)
v v
61— (6, i)+ L2 S22 20 )) =
v, ——(&, — 1, )+ —| vo,° ——=\&,> + > —2é,m,||=0 (A44)
m 2 m
A2 2
. . - 2 1-
5, =z, —dhy_ (=), +1| " 7 —aky” ~(1-a)h, . |=0 (aa4s)
2\ —20z,k, | - 2(1-a)z,h, - 201 - @ )k,_hr,

- kl‘;t—l —mm, + ';' (adt2 - kl‘;t—l2 - m’ht2 )= 0 (A4.6)

z,+(a -1k, — (@ -1k, -7

Lzt k@ -1) R -7 " (A4.7)
2\ +2(@ - )z,k,_g = 2(@ = V)z,h, = 2 =1\ K, 1P,

13 A detailed derivation of each of the second-order log-approximations of the competitive general
equilibrium conditions can be found in the technical appendix.



1 {z,z +a212,_12 +a2ftt2 —w,z J ~0
> =

Zt+a/kt_1—aht—ﬁ)t+— n " 5 n
+2az,k, —20z,h, —20°k,_1h,

G, +m,_ =11, —m, +— =0

1 @2+mt1 +H —mtz
2\ +20,m,_ -20,11, -2, 11,

T BT - ,. T BT p Y ia
M1+T+ A v——- |, +ATT, + (4| 4 W, +2— |V, + " C,
v

v

T
(1+T+§A v-¢ ),1 +4’}{ATV 4B—2}9,2+ATT,2
+1
2 T B!
+24A4| 4 v+2—~ﬂv,+2&TﬂT (

V

o
N—
[}
-
[\o]

o 0= g )t 204" 175,
—JE, 4 ¢ = |+ (BT + ™V + 104,
1 A
1 (1 7{ H)(“Hl + Ht+1 + 2at+117t+1) 4§4T}W2vt2
— 1

2 ﬂ, -~ 2 -~ 2 - ~
+ E (}“t+1 +1 " — 2}“t+117t+1)

+5 +acAT WA,
+(QBT +¢caTv? +1)M:,2
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(A.4.8)

(A4.9)

(A.4.10)

(A4.11)

(A.4.12)
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P I R e
}J:tz = %I—Et +_;_;{it+lf ":ﬁt+12 szt,/{tﬂj | (A.4. 13)
"2 —ﬂi(l+(1_7{l))j2 _21‘H1+1A_251+1Hz+21 B
N 1 a)) - +l(1—y{1)(nt+ﬂl +dyy A_ZIthHJ
L 2 AN-21 Gy + 2110404

2%, _%}l_j‘ +%(4v2{)‘2 Jr?llﬂrl Atzj =0 (A4.13)

N

-t )( )atﬂ + Ay + A7 + (L= Ay
P P
AA, +§-/1/1t = PE; < (1 { )at+1 +(1- 5),1;%1 L (A4.14)

-

2 a2 2.
L +/1r(’1t+1 741 +2’1t+1rt+1)2

Efen}=p z+EE. | (A4.17)
Ot = Pob, + 4, - (A4.18)
4,=|¢,.6.k,

m_lslt—lacnh mna x kn nyp t> ,,H,,It,]:]

n A X )

s
2 7 A~ A~ A A
At+1= 41 t+lskt9 m, zs t+1:ht+13m¢+15 r+19xt+19kt+19 ,+1,y,+1,m+1,r,+1,1_1,+1,1,+1,]:+1]
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For the non-separable case, (A.4.10), (A.4.12), and (A.4.15) differ due to

differences in U, (c,,a,,4,) and U, (c,,a,,4,), and an additional equation for the variable

q,is added to simplify these new conditions.

n-o
T I-n —
/1[1+T+§(ATv—B—D/1 + ATT +§A(ATv+ZE—-Jv +1 2 (776, —’i—"q,)
v /)
(1+T+§Av ¢ ),1 +47{ATv 4—]02+/1TT +2ATAT
+_;— leng 2 T =0
Y [ SN Rk eq il atv+2B s
c’ 1-n v
(A.4.10)
-0 1
- - n—o . LS 2 LS
(1_7)‘1 Tiql " ( 77“t+1 +— 1— n qt+1 Ht+1]+ﬂ’(ﬂ’t+l _Ht+1)
- 2
EE y n-o n az+12 +(77 J étﬂz 1—Iz+12 L
a5 | G-plame™
+— -0 |~ 1
2 _277 t+1qt+l+2nat+1 -2 — qt+lnt+[
1-n
+ j’(j’tﬂ2 +ﬁt+12 t+1 ) J
204" AV,
= +(Q3T +¢cA™? +1)/1/it

1(4CA A +4cA" WP A9,
2+ (4’BT +CA™V? + 1)1/{,2
(A4.12)
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n—o

(1 - ;/)a_”q = (" nd,. + %};—_ ét+l) + ﬂr(’{tﬂ + 71 )+ (1 - 5)ﬂ’it+1

Al +—ﬂ/{2=,BE< I -o 2A -0\,
t 2 t t 1 (1_7)‘1 ﬂqlﬂ ﬂzat+12+ Tij qt+12—277 T{j Ar119 141

~

+ —

+Ar (imz + fz+12 + 2}:1+1f:+1)2 + (1 -6 )ﬂ/{mz
(A.4.15)
0= Yy cl—r] (1 - 77)5[ + (1 - 7)al—r] (1 - 77)&[ - qét

1 — ~ — A A
+5(}/Cl 7](1_77)26.:2 +(1_7)al ”(1_77)2“;2 _qqt2)
(A.4.19)

A~ A A

A7 =[Zt’gt’kt—l’mt—l"[t—-l’ct’ht’mt’at’xt’kt’vt’yt’"vt’rt’l_‘[t"[t’]:’qt]

n

a A A ~n ~ A A A A A
AT+1 = th+1 ’ 6:+1 s kt 4 mt s It ’ cr+1 s ht+1 s mt+l s at+1 ’ xt+1 ’ kt+l 4 vt+l H yt+1 ’ M/r+1 s r}+l 4 1_‘[r+1 s It+l s T;+1 s qr+1

A A ~ ~ a ~ N ~ ]
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A.5 Technical Appendix

Second-Order Log-Approximation Process for the Log Separable Utility Case

Many of the competitive equilibrium conditions are the same for the separable

and the non-separable cases; however, the few conditions that contain either U, or U,

will differ. Thus, after showing the detailed derivation of all of the second-order log-
approximations for the log-separable case, the derivation of those few additional

equations that differ will be given for the non-separable case.

Second-order log-approximation for equation (A.2.1):
(1+Tt)ct X =Y,
c,+e I, +x,=y,
}+ﬁ)

cet +cTerT) 1 ¥ = yet

Inthesteadystate, c(l+T)+x =y
PR A AL . A .
c(1+c,+%ct2)+cT(1+c,+Tt+%(ct+T,)2)+x(l+x,+-ixt2)=y(l+yt+%y,2)
- 1 -2 A - 1 a2 A ~2 A 1 A2
c1+c,+5ct +cT 1+c,+T,+j2~c, +2¢,T,+T, )|+ x 1+x,+5x, =
1.2
AHYe+3 0

c(L+T)é, +cTT, + xk, - yp, +—;—(c(1 +T)é;% +2¢Té,T, + cTT? + xi,* - yjzf): 0
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Second-order log-approximation for equation (A.2.2):

ky=x + (1 -y
keft = xet + (1 -0 )ke’e“1

k(l +k, + —;—13,2) = x(l + X, + %i,zj +(1- J)k(l +k_ + %l@,_lz)
In thesteadystate, &k = x + (1 - S)k.
. . 1. . .
k(kt + %k,z) - x(xt + —2~xt2) -(1- 5)k(kt_1 + %kt_lz) =0
2 - ; Lis2 .2 AN
Kk, — xx, — (1 - 8)kk,_, + " -k, (1-6)k, > )=0
Second-order log-approximation for equation (A.2.3):
BT
T,=¢| ATv, +=——-244" BT
Vi

T
d =ATvt+£——2 AT BT
Yy

LS

4
. Y
I—e(T‘)=ATvev‘ +—B—e—v‘ —2WATBT°
4 v

T
L7+ lp2 =ATv(l+\3t+lfzt2 P PEESRL A N
4 2 v 2
T

T
Z(l +7, + th) = ATv(l +7, +%0t2) +B—(1 —, +%G,2)—2\/ATBT
v

Nf— N~

T _ r BT T ol
Inthesteadystate,—é;=A v+—-2VvA'B
vV

v

A r . BT ) 1. . r .2 BT ., _
IT, = A" v, ——, +E TT, =& A w, " +—v," | |=0
vV vV

T T
Li_arvs +B 5 N Lp2_yry52 B 520 ¢
g 2\ & v



Second-order log-approximation for equation (A.2.4):

c
™y
ve' = ieé"';"
m
. 1.2} ¢ A Y
W14y, +—v," |=— 1+ct—mt+———(ct—mt)
2 m 2

c
Inthesteadystate, v = —
m

N SILIN L L TR LA 7 N
2 m 2m

. P 1( . o
147" _"%(ct _mt)+"2'(vvt2 "":‘l(ct —mt)2)=0

~  Cya . 1{ . c . . n
vvt——(ct—mt)+— vvtz——(ct2+mt2—2ctmt) =0
m 2 m

Second-order log-approximation for equation (A.2.5):
Ve = eztkt—lahtl_a

yej" - kahl—ae(z,+alé,_,+(l~a)ﬁ,)

Inthesteadystate,y = k* ™%

oI = plarabiy+(-alh,)
.1 .0 A A~ ] A A
1+ 7, +2 —(1 +z,+ak,_ +(1-a)h, +E(Zt + ok, +(1—a)ht)2) =0

) , .1y . .
Vi =z — ok —(l_a)ht +'2‘(Yt2 _(Zt + ok, +(l—a)ht)2) =0

1 )A’tz _th _a2]2t—12 _(l_a)z};t2

Vi =z _alét—l —(l_a)};t +_[

or

z; +a]€,_1 +(1—a)ﬁ, -yt

%[2,2 + %k, 2+ (=)l h? +20z,k,_ +2(-a)z,h, + 200 - a)k,_ih, - 5, ]= 0

! . .. |=0
2\ —20zk, ; - 2(1-a)z,h, - 201 - a)kt_lht]

120
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Second-order log-approximation for equation (A.2.6):

a; =k, +m,
ae’t = kb1 +me™
. 1.9 - 1~ o . 1.9
all+a,+—a,” |=k|1+k,_1+=k, " |+m 1+m, +—m,
2 2 2
Inthesteadystate, a = k + m.

— khey,_y —min, + %(adf ~kk,_y* —min,? )= 0

Second-order log-approximation for equation (A.2.7):
r, = aez,ktﬁla—lhtl—a

re' = aka—lhl—aez,+(a—1)12,_1—(a—1)};,
Inthesteadystate,r = ak®h! =%

e;? — ez,+(a—1 )]‘;t—l _(a_l)};t

(z, (-1 (- 1);;)2

2+ @ =Dy = @D + 2 e + @~V (=D f -7 - 277 =0

(o (D74 [zt +a-1k2 + (- 1)h2—f,2 J_O
) ki

2 +2(a ~1)z,k, — 2@ -1)z,h, - 2(a -1

1+7, +%f~t2 =1+z, +(@ -k, —(a-1)h, +

N | —



Second-order log-approximation for equation (A.2.8):

a
w, =(1-a)e* (%"-)

t

a - -
wew’ — (1 - a)[&) e(zﬁak,_l—ah,)
h

a
Inthesteadystate, w = (1 - a)(%)

o _ oleerakiy-ai)

o1, . .
1+w, +5w,2 =14z, +ok,_ , ~oh, +—;~(z, +ok,_, —ozh,)2
1[2,2 +ozzl’€,_12 +a2i;,2 —W,z 0

z + ok, —oh, —w, +— p A yr o
+2azk,_,-2azh -2a%k,_h,

Second-order log-approximation for equation (A.2.9):

Inthesteadystate,@ = I7

erh, — e@,+rﬁ,_1—17,

1+m,+5m,2=1+@,+m,_1—17,+%<@,+m,_1—17,)2

O, +m,_| -1, -, + 5(@’2 +iy_ 2+ I =i + 200, - 20,11, -2, 17,): 0

122
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Second-order log-approximation for equation (A.2.10):

T
U,(c,.a,,h)=(1+T,)4, + M(ATW - 52—]

Ve

1
WhenO' = ¢ = 1; Uc(c[;a[’h[) = }/[_J
¢

Y LJ =4, + AT, +&4Tﬂ’tvt -¢B

¢,

r A
2
vt

C v
l)(l—ét+lét2)=/1(1+};+l}1,2)+AT(1+(}2,+TA,)+—1—(};+TA,)Z)
c 2 2 2
+¢4T,1v(1+(,i,+0,)+%(i,+0,)2)—¢# A (1 (i,-zo,)%(i,—zﬁ,)z)
In thesteady state ;/( ) (1+7)A+ M[ATV - ———}
1 ~ 1 .s N 1
—l=c += = A4 +=4 +/1Tﬂ+T+ A +T
(0 S R R )
+44T/1v(,i,+ﬁ,+%(‘,+ﬁ,)z)-;# ’1(,1 _29, + 1(,1,-20,)2)
v
T T
){1 +T + ;(ATv —~ B—Z]}ﬂ, + ATT, + ;’Z(ATv +2 B—z)ﬁt + ;/(lJé,
v v c

l(u o 2r(i, + 1.f + ca” wli, +9,} - cBT (,1 25,f - y(é)éf):O

T
2(1+T+§(ATV—B—2J)Z,+/1T7A’, +;2(A V42— ]
v

£1+T+4'A v=¢{ J ( j +ZTT - —)5t2

1 =0
+2/L§(ATv+ZB )ﬂv,+2ﬂT

~
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Second-order log-approximation for equation (A.2.11):

Uy (ct’at’ht)z — AWy
where U, (¢,,a,,h,)=—B
Aw, =B

ﬂwe(j“ﬁw’ ) = Be’
Inthesteadystate,Aw =B

e('it'*'{"t):l
1+ 4, + W, +%():, +v‘v,)2 =1

A+, +%(i,2 +w,2 + 2)1,»29): 0



Second-order log-approximation for equation (A.2.12):

1
/11 = :BEI {(Ua (ct+1’at+1’ht+1)+ /1t+1{17_)} - ’q“té,(ATvtz + BT)

t+1

1
when o =¢ =1, Ua(ct+1’at+]’ht+1)=(1_y{ )

t+1

1 1 2
A =BE | (- Ao | =— |t =414y, + BT
B {(( 7)(amj+ I IY,HJ} clarv+B7)

1 A
E {B(- + B2 qTAv? —¢BT A, -2, =0
t {ﬂ( 7{%“17”1) 'BH } A" Ay, —-CB" 4, t

t+1
{,3(1 { ;Yjeﬁim-ﬁm +137'17~ei:+1-17t+1}_4;4T/1v284'1+2"’t _@Tﬂeﬂ; —/le’{‘ =0
a
1 . ~ 1( . -
13(1_7 E l_at+l_nt+1+5—at+1—nt+l)2
¢
A ; - 1
+IBE(1+’1t+1_Ht+1+2(’1t+l Ht+1 )
T, 2 Y 1(” ,)2 T ;12 5 1:2
-4 Av 1+/1,+2v,+5 A +2v, ) |-¢B Al+ﬂ,+51, A1+ ,+Eﬂt =0

In thesteady state,,B((l - y{l) + ﬂ)(%) - Aé’(ATv2 + BT ) =4

A =(1= { )am | _ -

( oy [ foees
BE, s ) 5 b= +(QBT +4’,ATv2 +1)/U:,
)( )[a’“A +17’“ } 1(4¢A” %, + 44T A5,
+2a,,11,, +5(+ (QT L ATV +1)/1/i,2 ]

A ~ A
E (ﬂm + H t+1 2’1t+117 t+1 )
J
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Second-order log-approximation for equation (A.2.13):

I
/1! = ﬂEt {(Ht )[/IHI + Ua (Ct+1’at+1’ht+1)]}
t+1
1
when0'=¢=1,U (ct+1’at+l’ t+1) (1 7)( J

t+1
I 1
A =pE (—'-) A, +(1—y)( H
t t { Ht+1 “ Qi
1,2 1
A=E 7 + 1- ¢
t t {’B 11, ﬂ( y)(nmam J}

i IA jihg- I\ i-tin-a
ﬂeﬂt =F It T2 el RS | + 1- — e’ +17+1
’{ﬂ ¢ Al ITa
IA 1
ﬂ J7i (1 + I + ﬂt+l t+1 +— 2 (I ﬂ’t+1 Ht+1 )

/1(1+,i,+-;-,{,2)=E, ) 1
+ﬂ(1_7>(ﬁ)(1+11 _Ht+1 _dt+1 +5(It "'Ht+1 _dt+1)z)

In thesteady state,A = )[,{ + (1 - 7)(1)}
17 a

P . 1({~ = .
) 1 - I /1(11"'/1”1_17”1+E(It+/1:+l'"nt+l)z)
/1(/1,+-2—/1,2)=ﬂEEt 1 |
+(1_}/{Z)(It_nt+l_dt+l+E(It_nt+l_dt+l)z)
s - 1 A
/l(t+/1t+l_nt+l) ( ay)(l Ht+l—at+l)
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Second-order log-approximation for equation (A.2.15):
A =PBE, {Ua (ct+l | :ht+1)+ At + A (1 - 5)}

when o =¢=1, Ua(ct+1:at+1’ht+1)= (1_7{

A =E, {:B(l“}’)( !

t+1

t {ﬂ(1—7)(§

1 J
a4

J + Bt + Bl (1 - 5)}
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1 1. 2l
"(1 7)( )at+1+ (1 )(a)amlz

M:t + %M:,z =fFE, 1+ Ar):m + At + 5 ﬂr():, 1+ h )2

e

+(1=8)Ad,,, + %(1 —8)AA°

‘(1 { ]at+l + AM'HI + Arf g +(1- 5)/1/1t+1

((1 y)(l)aHl warli +i [+ (- 5),1,1,”)

<1 -
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(1 )( )at+l +(1 5)’1/1:+1 (
2

2,4 2 5 A
L + ’lr(’ltﬂ Tha t 2’1t+1rt+1)2

A,

Al + > A4 = fE,

Equations A.2.14 and A.2.16 were substituted out to reduce the number of
equations used in the solution process. In the future, when calculating the welfare costs

of the business cycle, the households that have bond holdings such that B, =0 V ¢ are

assumed to have a demand for money that ties interest rates to the velocity of money.

This money demand specification is borrowed from Schmitt-Grohe and Uribe (2004).
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Second-order log-approximation of the money demand equation used by Schmitt-Grohe

T
and Uribe (2004): v, = 2 + J_(L_EJ

AT A" I
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Second-Order Log-Approximation Process for the Non-Separable Utility Case

The remaining second-order log-approximations are unique for the case in which

non-separable preferences are assumed.

Second-order log-approximation for equation g, =y, +(1—y)a,'™”

This equation was used in the non-separable case to simplify the. second-order log-

approximations of equations A.2.10, A.2.12, and A.2.15.

g, =" +(1-y)a”"
qeét = }/cl_ﬂe(l—ﬂ)ét + (1 . },)al'ﬂe(l_ﬂ)&t
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e a-nye + (= a-n)a’ - gi’)



Second-order log-approximation for equation (A.2.10):
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Second-order log-approximation for equation (A.2.12):
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Second-order log-approximation for equation (A.2.12): (cont.)
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Second-order log-approximation for equation (A.2.15):
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