‘SHOE-LEATHER’ AND ‘BRICKS-AND-MORTAR’
AS INPUTS INTO TRANSACTION TECHNOLOGY

A Master’s Thesis

by
ULKEM BASDAS

Department of
Economics
Bilkent University
Ankara
August 2007



To Suikrii Basdas, Meral Basdas and Ozgii Basdas for their support at every
step | take and giving me the joy of being a real family



‘SHOE-LEATHER’ AND ‘BRICKS-AND-MORTAR’
AS INPUTS INTO TRANSACTION TECHNOLOGY

The Institute of Economics and Social Sciences
of
Bilkent University

by

ULKEM BASDAS

In Partial Fulfillment of the Requirements for the Degree of
MASTERS OF ARTS

THE DEPARTMENT OF
ECONOMICS
BILKENT UNIVERSITY
ANKARA

August 2007



| certify that | have read this thesis and have found that it is fully adequate, in
scope and in quality, as a thesis for the degree of Master of Arts in Economics.

Dr. Neil Arnwine
Supervisor

| certify that | have read this thesis and have found that it is fully adequate, in
scope and in quality, as a thesis for the degree of Master of Arts in Economics.

Dr. Kiviletm Metin Ozcan
Examining Committee Member

| certify that | have read this thesis and have found that it is fully adequate, in
scope and in quality, as a thesis for the degree of Master of Arts in Economics.

Prof. Saziye Gazioglu
Examining Committee Member

Approval of the Institute of Economics and Social Sciences

Prof. Erdal Erel
Director



ABSTRACT
‘SHOE-LEATHER’ AND ‘BRICKS-AND-MORTAR’
AS INPUTS INTO TRANSACTION TECHNOLOGY
Basdas, Ulkem
M.S., Department of Economics

Supervisor: Dr. Neil Arnwine

August 2007

This thesis explains the difference between the long run and short run
income and interest elasticities of money demand by the presence of a fixed
input into the creation of transactions in a cash-in advance model of money
demand. This structure implies a time element for the response of money
demand to changes in income and interest. The implication of the fixed input
into the consumer’s transactions technology causes the income elasticity of
money demand to be more elastic in short run whereas the interest rate
elasticity to be more elastic in the long run. Besides, the presence of a fixed
input provides a micro foundation for price stickiness and a time dynamic
welfare cost of inflation. Empirical evidence from the US over 1959:1 — 2006:4
period verifies the predictions of our theoretical model on elasticities. To
demonstrate that the theoretical model explains observed price stickiness, we
use the empirical model to derive a version of the P-Star model of sticky
prices. The estimated parameters point out the higher relative productivity of
fixed input than of variable input, and a considerably high welfare cost of

inflation.

Keywords: Money Demand, Interest and Income Elasticities of Money

Demand, Cash-in-advance model, P-Star Model, Welfare Cost of Inflation



OZET
ISLEM TEKNOLOJISINDE GiRDI OLARAK
‘AYAKKABI ESKITME’ VE ‘TUGLA-CIMENTO’ MALIYETLERI
Basdas, Ulkem
Yiiksek Lisans, iktisat Bolum{

Tez Danismani: Dr. Neil Arnwine

Agustos 2007

Bu tez, para talebinin kisa ve uzun dénemdeki gelir ve faiz esneklikleri
arasindaki farki, 6n 6deme kisith para talebi modelinde piyasa islemlerinde
sabit girdi tanimlayarak agiklamaktadir. Bu sekilde tanimlanmis teorik model,
para talebinin faiz ve gelir esnekliginin zaman degiskeni icermesini
saglamaktadir. Tuketicinin islem teknoloji fonksiyonunda sabit girdi
tanimlanmasinin neticesinde, paranin gelir esnekligi kisa dénemde daha esnek
iken, para talebinin faiz esnekligi uzun dénemde daha esnek olmaktadir.
Ayrica, sabit girdinin kullanilmasi mikro dayanakli fiyat yapiskanhgini ve
enflasyonun refah maliyetinin dinamik olmasini saglamaktadir. 1959:1 —
2006:4 donemi igin Amerika Birlesik Devletleri’/nden alinan empirik bulgular
teorik modelin 6ngordigi gelir ve faiz esnekliklerini dogrulamaktadir. Teorik
modelin godzlemlenen fiyat yapiskanligini agiklamak igin, Potansiyel Fiyat
Modeli tlriinde fiyat yapiskanhgi ile olusturulan empirik model kullanilmistir.
Tahmin edilen parametreler sabit girdinin goreceli verimliliginin degisken
girdininkinden fazla olduguna ve enflasyonun refah maliyetinin oldukga
ylksek olduguna isaret etmektedir.

Anahtar Kelimeler: Para Talebi, Para Talebinin Faiz ve Gelir Esnekligi, On
Odeme Kisith Para Talebi Modeli, Potansiyel Fiyat Model, Enflasyonun Refah
Maliyeti
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CHAPTER |

INTRODUCTION

Several articles have attempted to understand the behavior of the money
demand and empirical studies have been carried out in order to derive
monetary policies leading the economy. As Gillman and Otto (2002) suggests
the money demand has to be analyzed since interest elasticity of money
demand plays a crucial role for the key issues of macroeconomics, such as
hyperinflation, the cost of inflation policy and growth rates of the economy.
Considering the literature on money demand, the articles are generally
divided into two parts depending on their organization. First type of articles
develop an insight into the theoretical side of the problem, which is then
supported by empirical tests. The second type of articles are purely empirical,
these start with a simple quantity theory of money and run the money
demand regressions. Both parties emphasize significant problems as dealing
with the money demand, which have to be integrated in order to develop a

better fitted model for the money demand. Even though each article follows a



different way related to its aim, basic obstacles have to be revisited to model

the money demand combining the theory and empirical study.

This thesis is basically a theoretical study of the long run-short run demand for
money including an empirical model for the US. Money demand is motivated
by a cash-in-advance constraint placed upon the purchase of all real goods.
Financial transactions, which can be viewed as ‘trips to the bank’* are
determined by a production function. The transactions technology includes a
fixed and a variable input where in the short run the consumer can only
change the variable input and in the long run the fixed input can also vary. The
innovation of this thesis is the inclusion of this fixed input, which represents
things like the number of bank branches, ATM machines, the types of bank
accounts offered by banks, the consumer’s knowledge of available banking
options, etc within a dynamic framework. The fixed input is considered as the
‘bricks-and-mortar’ of a bank. On the other hand, the variable input denotes
the variable effort that the consumer and banks put into transacting:
Baumol’s (1952) concept of ‘shoe-leather’. In order to test our theoretical
insights quarterly US Gross Domestic Product (GDP), growth rate of GDP,
interest rate and M3 money demand from 1959:1 to 2006:4 are used in an
Error Correction Model. It is found out that the empirical results utterly

support the forecasts of theoretical model.

1 The model is abstract and does not include a formal banking sector. ‘Bank’ refers to the
process in which the consumer obtains new cash through a transaction.



This thesis contributes to the literature with its theoretical framework, which
is supported empirically. From the theoretical side, a Cash-in-Advance (CIA)
model is used since CIA model captures the transactions demand of money®.

The presence of a fixed input in CIA model provides a structure for analyzing
innovation in the technology of transactions, a micro foundation for price
stickiness and has implications for the time-dynamic of the welfare cost of
inflation. Depending on the simplified money demand functions of the
theoretical model, the empirical model relies on the standard log-linear form.
However, other studies in the literature either focuses on only theoretical or
empirical part or starts to investigate the empirical problem without correctly
linking to the model. In Chapter Il the innovations made in this thesis are

discussed in more detail.

Implementing this model, it is found out that (i) the share of the fixed input in
producing transactions technology, in other words the relative productivity of
the fixed variable, affects the short run interest elasticity of demand for
money, but not the long run. Larger values of this share increase both the
response of money to interest rates and output in the short run. On the other
hand, the long run interest rate elasticity depends only on the consumer’s
elasticity of substitution between consumer good and real balances (ii) the
interest elasticity of money demand is a multiple of the income elasticity of

money demand in short run (iii) the consumer’s elasticity of substitution

2 CIA model means that in an economy the consumer’s purchase will be limited by the cash
or other sources on hand. CIA constraint does not involve terms of credit or financing.



between consumer good and real balances affects the short run elasticities of
money demand together with the share of fixed input (iv) The short run
interest elasticity of demand for money is less elastic than the long run
demand; the short run output elasticity of money demand is more elastic than
the long run. This apparent dichotomy is explained by the differing roles of
income and interest rates in the demand for money. An increase in income
forces an increase in equilibrium spending, causing the consumer to hold
more cash and to transact more often in the long run. In the short run the
consumer holds relatively more cash since there is a fixed input into creating
transactions. In contrast, an increase in the interest rate provides an incentive
to hold less cash and therefore to transact more often in the long run. In the
short run, the existence of a fixed input into transacting restricts the
consumer’s ability to substitute transactions frequency with the level of cash
balances (v) Empirical evidence from quarterly US data verifies the theoretical
forecasts on the direction of the relation among monetary variables. The unit
income elasticity in long-run can not be rejected. The interest and output
elasticities imply higher share of fixed input and low elasticity of substitution
between the consumer good and real balances. Besides, the welfare cost of
inflation is quite high for the US (vi) Lastly, the formula found for optimal
prices in long run confirms the P-Star® approach and accepts the use of price

gap as an indicator for changes in inflation for the US.

3 Pp-Star concept was a popular topic in economics in 1990’s following its introduction with
the study of Hallman, Porter and Small (1989; 1991). This view is based on the simple quantity
theory of money in order to explain sticky prices. In chapter Il the definition and evaluation of
P-Star approach is discussed in more detail.



This thesis is organized as follows; section 2 revisits the literature on money
demand; section 3 introduces the theoretical model together with the
solutions for long run and short run including the welfare cost of inflation and
P-Star approach; section 4 explains the empirical model used to verify
theoretical insights and summarizes the empirical findings; lastly, section 5

presents a brief conclusion.



CHAPTER Il

LITERATURE SURVEY

The literature on money demand includes several articles. Most of these
studies concentrate on the interest and output elasticities of money demand
because of the role of these sensitivities in macroeconomic policies. As
emphasized in Chapter |, these studies can be grouped in two parts; articles
on theoretical modeling and articles on empirical investigation. The need of
combining regressions with the theory arises as a consequence of the need to
acquire better fitted models. The motivation of this thesis is to model an

economy that draws out actual implications.

The theoretical and empirical methodologies of this thesis have superiorities
compared to the literature. The important innovations of this thesis can be
grouped as follows:

i.  Articles starting with a theoretical vision basically have conceptual

problems such as inclusion of one variable within the utility function



or not. These articles choose various methods to handle the money
demand, but whenever the aim is to construct a consistent micro
founded model, Cash-in-Advance (CIA) model is a better method to
have money within the model. First reason is the simple way of
inserting the money into dynamic model (Duca and Vanhoose, 2004).
Rather than other complicated models, such as money-in-the-utility
function (MUIF) or dynamic inventory-theoretic model, Duca and
Vanhoose (2004) claim that the CIA models are popular for the sake
of practice. Another study by Stockman (1989) underlines the
significant superiority of the CIA over alternatives to evaluate the
transactions demand for money. Our second reason to adopt CIA
model is that in this thesis a different generalized version of CIA
constraint including the velocity of money is introduced. Even
though the models of Lucas (1980), Lucas and Stokey (1987) and
Corbae (1993), where velocity exits in the CIA model with different
properties but with limitations on the velocity of money, the
flexibility of the trade-off between cash holdings and transactions
activity can not be provided. Therefore, in this thesis CIA model
allowing same trade-off is adopted but a time dynamic formulation is
made including a fixed and variable input into the transactions
technology. Thirdly, as an extension of the Baumol-Tobin model, CIA
model can be used to shed light on effects of such non-steady-state

events, like open market operations, when the main aim would be to



capture the transactions demand for money to derive policy
implications. Nevertheless, MUIF, which is nearly same as CIA
theoretically, can be accepted as an alternative method as long as
the measurement of how important the liquidity services for an
agent is the core of the study (Holman, 1998). Nevertheless, MUIF is
criticized because it is the service that provides utility rather than
money itself.

The studies focusing only on the empirical side of the money
demand to forecast and/or understand the past movements of the
relation among monetary variables do not provide reliable and
robust results. The reason is that without models, the choice of
functional forms, independent variables or the adaptation of
different techniques can make the results more sensitive to these
parameters, so conclusions may be misleading. As analyzing the
effects of a change in the economy, such as a political or worldwide
economic change, pure empirical studies start with simple quantity
theory of the money demand. Ball (2001) takes the log-linear form of
the theory to analyze the US postwar and prewar period; Beyer
(1998) includes short-run and long-run of interest rates in the model
for Germany. Nevertheless, these studies are lack of fitted
theoretical models. The claims of these studies rely utterly on the
regression results. In fact, empirical studies experience important

problems related to the data. Firstly, especially after the arise of the



‘missing M2’ in the US”, the question of the monetary aggregation
became a question. Different explanations are proposed to explain
missing M2. The study of Peltzman (1969) drew attention to the
future research for the trend term since the changes in velocity
could not be explained only with interest rates, income and limited
definition of money demand. Studies investigating missing M2 found
out not only problems related to the omission of the other financial
assets in the restricted definition of the money demand, but also
considerable effect of change in asset transfer costs. Indeed, Duca
(2000) explains the missing M2 completely with the change in asset
transfer costs rather than omitted variables from the money demand
definition. However, incorporation of the other financial assets is a
necessary condition since the cross price elasticities of other
financial assets is considerably high where these values are
calculated in Collins and Anderson (1998) for the US. Melnick (1995)
shows that the financial services have to be included to enhance
money demand in order to derive a stable money demand and long-
run relationship between the variables for Israel. On the other hand,
Mehra (1993) points out a stable relation for M2 demand for the US
adopting an Error Correction Model (ECM). Another study by
Hallman, Porter and Small (1991) investigates a long-run link

between M2 and price level. Other studies by Beyer (1998), Ericsson

4 The ‘missing M2’ refers a significant rise of M2 growth and considerably a low increase in
the velocity around 1990’s in the US.



and Sharma (1998), Litkepohl and Wolters (1998), Brand and
Cassola (2000), and Kontolemis (2002) include the M3 definition of
money to acquire a stable money demand. Even though
controversial studies exist, the literature points out that the common
view is to use a broad definition of money demand not to exclude
any explanatory power. Therefore, this thesis uses the definition of
M3 that incorporates M2 and large time Repos, Euro-dollars, and
institutional money market mutual funds. Despite the release of the
US Federal Reserve (2005) claiming that “M3 does not appear to
convey any additional information about economic activity that is
not already embodied in M2 and has not played a role in the
monetary policy process for many years”, M3 definition is selected
to prevent data loss and enclose all ‘money supply’. Secondly, the
form of money demand function plays a crucial role. Mehra (1993)
adopts an ECM to start the regressions where Hafer and Hein (1984)
choose a simple linear regression in order to evaluate the income
and interest rate elasticities of money demand. Cuthbertson (1997)
clarifies the rising performance of the regression as the inclusion of
lagged dependent variable. The results proving that most assets
adjust slowly verify the use of ECMs (Cuthbertson, 1997). Inclusion of
the lagged value of money demand is reasonable to include the
effect of past movement of money demand on the current level. This

makes ECM more realistic motivating us to adopt an ECM.
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This thesis revisits not only simple money demand model but also
the P-Star within the framework of both theoretical and empirical
model. Though this thesis does not purely concentrate on P-Star, the
point is that we can derive sticky prices instead of assuming them as
in P-Star. Historical root of the P-Star view was the core of many
studies apart from the money demand research left in the 20"
century. The P-Star model arises from the quantity theory of money:
MYV =P that relates the money supply (M), nominal income (Y)
and velocity of money (V). In the long run equilibrium if we will
substitute the potential levels of each variable, we obtain:
MV*=P*Y* that summarizes a stable money demand relation.
Solving this equation for P* shows that any change from the
potential prices can be rewritten in terms of an output gap plus a
velocity gap. Besides, a change in inflation would be a function of
price gap, (P* —P), since a gap from the long run equilibrium would
force prices to return to the equilibrium level. Humphrey (1989)
explains that this price gap draws the path of inflation. The
underlying idea of P-Star is the lagged price response leading to arise
of price gap (Humphrey, 1989). Nevertheless, this model is
meaningful as long as the money supply and income are exogenous
to the model (Beyer, 1998). Hallman, Porter and Small (1989; 1991)
introduced the concept of P-Star over the US data claiming that the

price gap can be an indicator for the inflationary pressure for the US.

11



Other studies on different countries (Tatom, 1992; Hoeller and
Poret, 1991; Kole and Leahy, 1991; Atta-Mensah, 1996) confirm the
use of P-Star model. The studies on the Euro Area also support the
P-Star view (Gerlach and Svensson, 2001; Scharnagl, 2002). Another
study by Riemers (2001) over 110 countries, including OECD and
Latin America countries, verifies the cointegrating relation among
the actual prices and an equilibrium price level termed P-Star.
Because the P-Star model is based on assumption of a stable money
demand and stationary price gap, the studies on P-Star model proves
out that a stable long term money demand function exists and P-Star
model has significant power to explain the path of inflation. The
solution of our theoretical model derives an equation for the optimal
prices in the long run, p*, that links our theoretical model to the P-
Star. Besides, the empirical model embraces the test of P-Star for the
US data.

The dynamic construction of our theoretical model must be
underlined because inclusion of a time element enables us to
calculate long run and short run elasticities separately changing over
time. Besides, the welfare cost of inflation is also derived in a time
varying formula. Other studies following empirical road such as
Mehra (1993) or Hafer and Hein (1984) calculates only static long run
elasticities of money demand. Nevertheless, there are only few

studies distinguishing long run and short run elasticities via time

12



varying theoretical and/or empirical models.

The content of this thesis combines the theoretical and empirical
investigation. Considering the literature, the theoretical model with the
careful integration of a fixed input into transacting and empirical tests on the
US data together with reference to the P-Star model and dynamic welfare cost
of inflation make this thesis significant. The importance of the money demand

to enhance policies motivates our study of a better fit money demand model.

13



CHAPTER 1l

THE THEORETICAL MODEL’

Our theoretical model consists of only government and consumer. The
economy is a pure consumption ‘tree economy’. The consumer faces a cash-
in-advance constraint upon all purchases and maximizes utility subject to
budget and cash-in-advance constraints. The government makes transfer
payment financed by the creation of money and issues one-period bonds in
order to compensate the debt. The transactions technology is defined in
terms of a Cobb-Douglas type of production function. Output evolves
according to the function Yy =)/ [y where y is a stochastic growth parameter
and y represents the output®. We focus on the properties of the long run -

short run income and interest rate elasticities of money demand.

5 The theoretical model is derived by Dr. Neil Arnwine.
& Time subscripts have been dropped for clarity. A prime denotes variables evaluated at time
t+1.
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3.1 The Government

The government provides flat rate transfer payments to consumers, which is
equal to the money creation. The money supply evolves according to;
M'=w[M where M denotes the money supply and w is the growth rate of
money supply7. Government debt in the form of one period discounted bond
is included in the model to formalize the market interest rate. Without the

loss of generality we can assume that B' = B =0, meaning that these bonds

are supplied in zero amount.

3.2 The Transactions Technology

The theoretical innovation of this thesis is the inclusion of the fixed and
variable inputs in the transactions technology modeling. Transactions are
produced using a constant return to scale Cobb-Douglas production function

in the two inputs T and k:

n(k,7) = 6’(k¢’rl“/’y‘1)£‘/’ (1)
where Tis a variable input and the input k is fixed in the short run. The
transactions technology is homogenous of degree 0 in k, T, and y, so that an
increase in output, together with a proportional increase in the transacting
inputs has no effect on the number of transactions per consumer. Therefore,
the results are invariant to the units of measurement for income. The

parameters 6>0 and 0<¢<l determine the absolute and relative

” The bar denotes money supply, as opposed to demand.

15



productivity of the two transacting inputs. (¢ is a parameter that

demonstrates the customer’s elasticity of substitution between the real goods

and real balances.

The fixed input evolves in the standard way:

k'=(1-3)lk+x (2)
where & is the rate of depreciation and x is investment into the fixed input.
Resources used up in transacting cannot be consumed so there is a resource
constraint of:

C+T+X=Y (3)

where c denotes the consumption.

The expenditure of T and/or x allows the consumer to reduce the level of real
balances held, at the cost of forgone consumption. The variable input can be
thought of as ‘shoe-leather’ costs of transacting while the fixed input can be
considered as ‘bricks-and-mortar’ costs. The fixed input includes tangible
physical assets, such as the number of bank branches and ATM machines, as
well as knowledge and human capital, represented by the variety of banking
services and the consumer’s knowledge of the availability of these services. As
in Baumol-Tobin model, the consumer faces a trade-off between supplying

these inputs versus holding average cash balances.

16



3.3 The Consumer

The representative consumer maximizes the utility given by;

— 1 1-a
= 7z
U(C) (& , a#£1l ( )

=lInc, a=1
where a is the parameter and u(.) denotes the utility function of the

consumer. The utility function is assumed to be a constant returns to scale.

A representative consumer is subject to the following budget constraint:
Plc+r+x)+M'+(1+i) (B <PI+M+B+(w-1)IM (5)
The right-hand side represents the consumer’s wealth, consisting of, moving
from left to right, current income, money balances carried into the period,
maturing bonds, and a lump sum transfer payment from the government that
equals money creation. The consumer divides this wealth between; again
from left to right, current expenditure, carrying money balances into the next
period, and discounted nominal bonds. The current expenditure items in the
first term consist of consumption, shoe-leather expenditure, T, and purchase

of the fixed transactions input, x.

There is a cash-in-advance constraint placed upon the purchase of all real
goodssz

Pi(c+T+x)<M In(k,T) (6)

8 If the CIA constraint were placed upon the purchase of consumption goods only, this

would introduce a distorting wedge between the different types of physical goods.

17



where M is the level of real balances obtained in a transaction and n is the
number transactions in which the consumer obtains this amount of cash
within the observation period. The formulation of equation 6 has a
considerable difference than the other existing CIA constraints, because this
constraint points a time dynamic analysis including fixed and variable inputs
into the transaction technology. One explicit result of the analysis will be to
show that n is the velocity of money. Omitting the n function in this model
would be to implicitly assume that the velocity of money is constant at one.
Studies have attempted to overcome the restriction on velocity by assuming
that the cash-in-advance constraint only applies to a subset of transactions
(Hodrick, Kocherlakota and Lucas, 1991) or by introducing a precautionary
motive for holding money (Lucas, 1980; Svensson, 1985). The notion of
velocity introduced in this thesis can be viewed as a generalization of
Baumol’s (1952) model. Baumol’s model is generalized in three ways; first, the
prices and interest rates are determined within the model instead of given
exogenously; second, the model is time-dynamic rather than static; lastly,

there is a fixed as well as a variable input into creating transactions.

In order to make the problem stationary, through dividing equations 5 and 6

by next period's money supply, M, define the following: p :%, b’ :%,
,_ M o .
and m :W' This yields the real-valued budget constraint:

18



b+m+w-1
+

pc+T+x]+m +(1+i)" b = py =

(7)

where the term represents the lump sum transfer of new money

w

creation to the consumer. The CIA constraint becomes:
m
pc+t+x)=—m(k,1) . (8)
w

Since consumption is valued both constraints will always bind in equilibrium.

3.4 The Value Function

The representative consumer’s problem can be expressed as a value function

problem:

v(S)= max {ulc)+BrEV(S)}

c,T,m b’k (9)

s={k wy}

where B is the discount factor. The vector represents the state

of the economy. The consumer’s problem is to select C,7,M,b’, K subject to
equations 7 and 8. Each period the consumer decides how much to consume,
the number of trips to bank, the money balances and bonds will be carried to
the next period, and the amount of fixed variable in the next period. In order
to acquire the long run and short run equilibrium, we focus on the equilibrium

conditions in the following section.

3.5 Equilibrium Conditions

In equilibrium, the market price insures that money supply equals to the

19



money demand and the real goods market clears:

m=m=1 and Cc+T+x=Yy (10)
The first-order conditions derived from the maximization of value function are
listed in Appendix A°. The combination of these first-order conditions with

equation 10 gives the Euler Equations.

3.6 Long Run Stationary (Risk-free) Equilibrium

The closed form solutions for the model’s endogenous variables are found for
the risk-free stationary equilibrium. The case in which the growth rates of
output and money supply are constant, W =w, Y =y, is considered. It is
assumed that in a stationary equilibrium the income shares of the consumer’s
choice variables should be constant and the number of transactions per
period should also be constant over time. So, we guess that the following

constraint has to be satisfied, and later confirm the guess:

k' r' c' .
—= =y, — = =y, — = =y,n=n (11)
y y y

< | =
< |~
<|o

Solving the Euler Equations together with equation 11 gives the following

result:
r=kO where @zl_7¢[ﬁ,8‘l—(1—5)y’”] (12)

The term ‘©’ denotes the ratio of variable input to fixed input. The term

9 All derivations and the solution of the model is given in the Appendix A with details.
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within the brackets, [ﬁ_l—(l—d)y_”], is the net, after depreciation and
correcting for capital accumulation due to the population growth, rate of
return to the capital input. The ratio of shoe-leather to the fixed input
depends on this rate of return and the relative productivity of 7 to k, given

by @.

For the long run equilibrium the optimal prices, velocity of money, and the

money demand functions are:

el—l]J lIJ U]
= -0 13
p wyewtﬁl_wtﬁl cp)} (13)
VE%:wpy:n (14)
LEM:L:GQJ_J'BDW $[¢L—(P)|] _LIJ oy (15)
P wp 1-y

The transactions technology is proved to be the velocity of money in equation
14. The money demand function in equation 15 can be viewed as a
generalization of Baumol’s (1952) model. The important changes are, as
emphasized in section 3.3: the model is in general equilibrium with the price
level and the interest rate determined within the model, and the problem is

time-dynamic rather than static.

Taking the partial derivative of equation 15 with respect to income gives the

long run output elasticity of money demand:

21



Ly

sro0Ly o (16)
oy L

The long run income elasticity is unity as expected. Arnwine (2007)
demonstrates that only a unitary income elasticity of money demand is

consistent with the notion of admissibility for a standard CIA model.

The long run interest elasticity of money demand is derived in equation 17.
oL |
LR
Eqi =—F=- 17
Tt Y (17)

The long run interest elasticity of money demand is just the negative of the
consumer’s elasticity of substitution between the consumer good and the
level of real balances. As expected the link between the money demand and

interest rates is negative.

3.7 Short Run Equilibrium

In short run two assumptions are made to simplify the results. First, k is
viewed as completely fixed in the short run and any response of money
demand to a change results from changes in variable input, T, only. Second, it
is assumed that any response begins from a position of long run equilibrium
allowing us to substitute in the long run expressions for T, k, L and n to

simplify the derived expressions. Solving the money demand function by using

equation 1:
M 1 y 1 e L
Ls—=——=21= ¢ 1-¢ -y 1(““ 18
P wip n [ﬁkr ) (18)
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The short run money demand responds to changes in interest rate and
income via a change in the variable input because k is assumed to be fixed.
Contrary to the closed form solution of long run, an indirect function
(equation 20) is constructed by using equation 19 in order to evaluate the
responses of T with respect to income and interest rate. The equilibrium

interest rate is:

—wtp 3—6 KV v ytv (19)
The indirect function is:

F(t,y,i)= k¥t ®y™ {%Gle—(p } (20)

Taking the total derivative and setting equal to zero:
dF(t,y,i)=F [dt+F, [dy+F [di=0 (21)

Rearranging, we obtain the partial derivatives:

d__F_1-y [Elw Dl—cpm}l_w [éljw ¥ (22)
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dy F 1- y

We can then find the short run interest elasticity and output elasticity for T,

the shoe-leather expenditure.

. 1-y
er=0 170 5 ¥ ﬁ_@m} e (24)
d 1t 1-@ |1-¢ 6 Kk
£ EEE—IX -1 (25)

dy 1 _1—(pl//

These are both generally positive meaning that increase in output and/or
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interest rate causes an increase in the shoe-leather expenditures. Besides, the
response of T to income depends only the relative productivity of inputs and
substitution between consumer goods and real balances. On the other hand,
interest rate sensitivity is a function of the levels of income and fixed input.
Because we are assuming that the fixed input does not vary in short run, the

level of income affects T via not only equation 25 but also equation 24.

Returning to the short run money demand function, we can express the

response of money demand to interest rates and output in terms of T's

response.
ESREO—,LEI'—
di L
oL g (26)
or 0i L
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= 1 >1
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In short run the elasticity of interest rate is proportional to elasticity of
income. The reason is that the short run sensitivity of shoe-leather
expenditure to interest rate is also affected by the level of income. Comparing
the short run and long run elasticities, money demand is more interest
inelastic in the short run because the consumer can not easily change the

velocity in the short run due to the fixed input. The degree of short run rigidity
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depends on the share, @, of the fixed input, k, in producing transactions, n, in
equation 1. As @ approaches 0, there is no fixed input, then interest and
output elasticity of money demand are the same in the short run and long
run. As @ approaches 1, the interest elasticity of money demand becomes
perfectly inelastic in the short run and income elasticity of money demand

becomes larger in the short run.

3.8 Welfare Cost of Inflation

The welfare cost of inflation can be interpreted as the increase in income to
compensate the welfare cost due to inflation because a rise in prices would

reduce the amount of consumption, so the utility.

In our model, in line with Bailey (1956) and Friedman (1969), the welfare cost
of inflation is derived by the indirect utility function. A unit-free measure of
the welfare cost of inflation is the elasticity of welfare compensating income
with respect to changes in the nominal interest rate. This is calculated by
totally differentiating the indirect utility function, setting the utility change
equal to zero, and then solving for the interest elasticity of compensating
income. The difference of our results is that there is a time element to the
welfare cost of inflation. The welfare cost does not have a static but has a

dynamic formulation.
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Long Run:

In the long run the indirect utility function, as a function of the interest rate

and output level, is derived as following:

- 1 .
ULR(',Y):m[ﬂY‘T‘d(]l
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1-a 1-¢y 6

(28)

The optimal inflation rate is found when the nominal interest rate is zero.
Using equation 28 it can be found how much additional income is needed to
receive to compensate for the welfare cost of inflation. Differentiating the
equation 28 to acquire the elasticity of inflation compensating income with

respect to the nominal interest rate:

: U ou
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In the long run the welfare cost of inflation depends on the level of interest
rates, growth rate of output and other parameters of the model including the
absolute and relative transaction function’s productivity parameters, the
output growth rate, the consumer’s time discount rate, and the depreciation
rate for the fixed factor.

Short Run:

Similarly, the short run utility cost of inflation is found by taking the total
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derivative of the indirect utility function and setting equal to zero, while
keeping k fixed at its equilibrium level. The indirect utility function for short

run is given in equation 31:
U(i,y):$[ﬁy—r—6k]l'°‘ (31)

Taking total derivative and setting equal to zero:
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Then, the interest elasticity of inflation compensating income is:
eV =—(1-¢) (33)
g dl ydu=0

The welfare cost of inflation in short run is a function of only the substitution
between the consumption goods and real balances. An increase in the
inflation rate in short run is quite beneficial because it causes the consumer to
hold more money and transact less often, vyielding higher equilibrium
consumption. In the long run an increase in the inflation reduces welfare as
consumer increases the fixed input transactions. The increase in the fixed
input reduces consumption in equilibrium as more capital must be replaced
and because the variable input into transactions is proportional to the fixed

input.
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3.9 P-Star and Endogenous Sticky Prices

As referred in Chapter Il, P-Star approach claims that a stable money demand
relation in equilibrium would be summarized as follows:

MV *
Y*

P*

(34)

where P is the prices, V the velocity of money and Y is the income. “*’ denotes
the equilibrium levels and capital letters denote the nominal values.

Equilibrium prices are determined with respect to Equation 34.

Returning on our model, the equation for the long run equilibrium price levels

is introduced in equation 13. Remembering this equation:

D . DT
= Eﬁ 1- )0 (35)
wDyD(@D)W 1 (,l/ )

The optimal prices are a function of several parameters, including the
elasticity of substitution between the consumer goods and real balances,

absolute and relative productivity of fixed and variable inputs. Assuming that
W, ¢, 8, B, 0, y* and o’ are constant for the long run solution, price

changes depends on income level and interest rates. The equation

determining the long run interest rates from Appendix A is given below™:

Y
(k1) =65 [E% fi-q) m} (36)

Solving for interest rate, equation 36 implies that interest rate is a function of

10 This is the equation 32 in Appendix A.

28



the velocity of money, n. By combining equation 35 and 36, the change of
prices is a function of only income and velocity of money:

Ap* = f (Ay*,AV¥) (37)
The prediction of our model encompasses what the P-Star approach predicts.
The model confirms that the price gap is a function of the velocity and income

gap. Nevertheless, the basic difference comes from the other variables ¢/, ¢,

6, 3,90, y°and «'that are assumed to be constant. Therefore, the simple

summation of income and velocity would not add up to price gap, but a

multiple of these gaps would add up to the price gap.

In brief, our theoretical model includes the view of P-Star with some
generalizations:
i. The price stickiness arises from the prices that are endogenously
derived within the model. The prices are not exogenous.
ii.  The price adjustment does not take place with the simple summation
of change in income and velocity. The gap in prices depends on other

parameters of our theoretical model.
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CHAPTER IV

EMPRICIAL MODEL"

The theoretical model presented in Chapter Il claims that the money demand
is a function of income, interest rate and the growth rate of income as well as
the other parameters of the model. To simplify our regressions and acquire
the income and interest rate elasticities in order to compare with the
theoretical counterparts the money demand function is regressed on income,
interest rate and growth rate of income. An error-correction model, which
enables us to relate the movement of the variables to the previous period's
gap from long-run equilibrium in a dynamic framework, is adopted. The P-Star
approach is tested and welfare cost of inflation is estimated within this

framework.

4.1 The Data

The error correction model for money demand is estimated using quarterly

11 Empirical model is constructed and tested by Ulkem Basdas.
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data from 1959 Q1 to 2006 Q4. Gross domestic product and GDP price
deflator®? are obtained from the US Bureau of Economic Analysis, and interest
rate and money supply are acquired from the US Fed Reserve. GDP Price
Deflator is used to convert nominal values to real balances'. The rate on 3
months Treasury Bills is selected to represent the opportunity cost of money.
The term of Treasury bill is chosen as three months in order to capture short
term effects. Growth rate of output is derived using per cent change of RGDP
from one period to another'®. M3 is used as the money supply®®. GDP, GDP
price deflator and M3 are selected from seasonally adjusted time series so

that dummies to capture cyclical effects are not needed.

The graphical representation of the variables given in Figure 1 indicates that
there is not any significant break point implying that unit root tests can be
applied. The graphs of RM3, RGDP and INT rise with the time indicating these
variables can be non-stationary. On the other hand, the plot of GWR refers

that GWR is integrated of order zero.

12 The GDP price deflator is the ratio of nominal GDP in a given year to real GDP of that year,
so measures the change in prices that has occurred between two years. This index gives a
useful measure of inflation on all goods produced in the economy (Dornbusch and Fischer,
1994).

13 The Consumer Price Index is also used to convert nominal values to real values.
Nevertheless, the ECM with GDP Price Deflator gives better results.

4 The definitions of the variables and details about the sources are presented in Table 1.

15 The ECM is also constructed for M2 and M1, but the model with M3 perfectly reflects the
theoretical insights. The reason of M3 choice is also explained in Chapter Il in more detail.
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Figure 1. Graphical Representations of RM3, RGDP, GWR and INT
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Figure 1 (cont’d)
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Augmented Dickey Fuller (ADF) test results are summarized in table 2.
Comparing the test statistics with the critical values, RM3, RGDP and INT are
integrated of order one whereas GWR is integrated of order zero.
Nevertheless, as suggested in Schwert (1989) and Delong, Mankervis, Savin
and Whiteman (1992) ADF test can suffer from size distortions in the presence
of negatively correlated moving average errors. Even though there is no
uniformly powerful test for unit root hypothesis (Stock, 1994), one solution to
the size distortion problem of ADF can be to implement Dickey Fuller GLS test
(Maddala and Kim, 2004). DF-GLS test results are also presented in table 2.
Since inclusion of trend term plays a crucial role for the power and size of the
unit root test and almost all macroeconomic variables show tendency to
increase over time, it is more realistic to consider the case with intercept and

trend term (Maddala and Kim, 2004). The results support that RM3, RGDP and
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INT have unit root, and GWR is stationary in line with the visual test.

4.2 Empirical Specifications

Error Correction Model:

Following the parameters of theoretical model, our empirical model in form of
an error correction model is given below:

RM 3 = S1+ £2RGDP + S3INT + S4GWR + Et (38)

ARM 3 =a1+> " a2ARGDP-s+> " arashINTi-s+> " qsAGWR -

+3" " AsARM 3 -5+ @oEi-1+Us

(39)

where RM3 is real money balances, RGDP is real Gross Domestic Product
(GDP), INT is the 3 months Treasury bill rate and GWR is the growth rate of
RGDP. E and U represent the random disturbance terms. As used in previous
papers in literature such as Ball (2001; 2002), Beyer (1998), Duca (2000)
functional form of equations are derived in log linear form. RM3, RGDP and
INT are in natural logarithms, A is the first difference operator and subscripts
are the time indexes. Equation 38 is the long run equilibrium money demand
function whereas the equation 39 shows the short run dynamics. B, and B3
are the long run income and interest elasticity of money demand since the
equation is in log linear form. In equation 39, a;s (i=2,3,4,5) denotes the short
run sensitivity of money demand with respect to income, interest rate, growth

rate and past movements in the money demand, and ajg is the error correction
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coefficient. Mehra (1993) suggests that the coefficients, a;;, can be used to
“measure the short-run responses of real M3 balances to changes in income
and opportunity cost variables”. Other studies by Gillman and Otto (2002),
Sriram (1999) and Choi and Oxley (2004) use the coefficients in the ECM to
describe the short run dynamic model for money demand. Greene (2003)
explains that these short run dynamics are the change of the related variable
from the long run equilibrium path to denote the variation in dependent
variable. Following this view, the long run elasticities are derived from
equation 38 whereas equation 39 is used for a proxy for the short run

elasticities of money demand.

As long as the variables in equation 38 are cointegrated, then the error
correction form in equation 39 can be estimated implying that error
correction coefficient is different than zero (Engle and Granger, 1987). Mehra
(1993) suggests two alternative ways to estimate error correction form. First
way adopts two step procedure of Engle and Granger (1987) based on the
assumption of nonstationarity of all variables in equation 38. According to this
approach, equation 38 is estimated by Ordinary Least Squares (OLS) to obtain
the residuals. These residuals are substituted in equation 39 to estimate the
short run dynamics. Nevertheless, as explained in the previous section,
growth rate of output is integrated of order zero. Therefore, Engle and
Granger (1987) approach is inappropriate. Alternative way to estimate

equation 38 and equation 39 jointly is to substitute E.; from equation 38 and
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rewriting equation 39:

ARM3 = a1-asfi+ Y o a2sARGDPi-s+> " asAINTi-s

3" ADACWR -5+ asARM 3 - s+ asRM 3 -1 (40)
—a632RGDP:-1— a6 5:INTt -1— a6 SaGWR: -1+ Ut

Unless the nonstationary variables in equation 39 are not cointegrated,
equation 40 can be estimated (Phillips 1986; Sims, Stock, and Watson 1990).
Then, the coefficients of equation 40 can be used to calculate the long run

elasticities.

Equation 40 summarizes our empirical model. The link between the

theoretical model and empirical model arises because azs,ass are indicators

for Sf‘; and ELSiR, respectively. Also, B, denotes the long run income elasticity of

LR

money demand, £/, and B3 represents the long run interest elasticity, £LLiR.

The estimated values forazs, @ss, By, and B3 will be used not only for solving
elasticities but also for estimating the parameters of the model since

elasticities were derived in Chapter Ill as a combination of simplified

parameters. To illustrate; Bs would estimate the value of £LLiR =—{, azcan

. 1 . .
be used for solving 55 = and lastly, @'sscan give an approximate value
1-gp
for this expression & = —1—Ey/. These estimated values can be used to

calculate the relative productivity of inputs (¢), or in other words the shares

of the ‘shoe-leather’ and ‘bricks-and-mortar’ costs. Therefore, our empirical
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model enables us to estimate, calculate and evaluate the theoretical model.

Empirical Specifications for Endogenous Sticky Prices:

To test the P-Star approach the transformation in Beyer (1998) and Riemers

(2001) is adopted. According to this transformation, rewriting equation 34 in

logarithms:
M= p* +y* -v* (41)
Am= Ap* +Ay* -Av* (42)

To determine v* the following long run money demand has to be estimated:
(m-p)=0y-v,+u (43)
where Vv, is constant. Solving equation 43 with respect to -(m—-p-y) =V
and substituting —(m* —p* —y*) =v* in equation 41:
pr=m+v, -0y~ (44)
Equation 44 gives the inverted money demand equation. Beyer (1998) and

Riemers (2001) make a regression of equation 44 to test P-Star concept.

The difference between the studies of Beyer (1998) and Riemers (2001) and
our empirical model is the existence of growth rate of output. The existence
of interest rate does not cause a disparity because within the model the
interest rate is also linked to the velocity of money, as proved in section 3.9.
Hence, equation 43 is the restricted version of short run dynamics, equation

38. To test P-Star, we imposed the following restriction:
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L£4=0
ass=0 for s={1,2,...,n} in equation 38 and 40 (45)
asf2=0

The coefficient test, not rejecting the null hypothesis of equation 45, is
needed to confirm the P-Star approach. Unless the null hypothesis is rejected,
p* would make sense. Then, the income would be exogenous in the long run
not depending on (M- p). The theoretical model introduced in Chapter IlI
predicts that P-Star approach would be verified with the coefficient test
because interest rates and prices are determined within the model where the
growth rate of output, ), becomes constant in the long run and velocity of

money is defined in terms a production function.

Causality between the Real Balances and Prices:

There is an ongoing debate between the money demand modeling
perceptions of Friedman and Schwartz (1982) and Hendry and Ericsson (1991).
According to the view of Hendry and Ericsson (1991) real balances are
formulated as a function of other variables, including the price level, whereas
Friedman and Schwartz (1982) choose to take money as exogenously affecting

the change in prices.

In Chapter Il we have seen that in our theoretical model the prices are
endogenously determined; money supply evolves with the parameter w. This
theoretical framework leads us to the formulation of an empirical model,

where prices would be determined within the model, so that money demand
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would not be a function several parameters including prices. Hence, in our
thesis we follow the way of Friedman and Schwartz (1982) to handle this

causality problem.

In the next section estimation of empirical model, equation 40, by OLS is
evaluated. In case of correlation between the independent variables and the
disturbance term, error correction model also has to be estimated with
instrumental variable (IV) method. Therefore, both OLS and IV regression

results are considered.

4.3 Empirical Results

Table 3 summarizes the results of estimation of equation 40 with OLS and IV
approach. As suggested in Mehra (1993) and Sill (1998), zero-one dummies
are defined for Carter Credit Controls in 1982Q2 (CC1), 1980Q3 (CC2) and

introduction of MMDAs and SuperNOWS in 1983Q1 (D83Q1).

Considering the results, the coefficients of INT and lagged ARM3, RGDP, RM3
are statistically significant. Joint significance test for coefficients verifies that
all coefficients are jointly significant in both equations®. The signs of the

coefficients are in line with the theoretical model'’. There exists positive

6 The null hypothesis of “all coefficients are equal to each other and they are equal to 0” is
tested. For IV approach F-statistics, F(10,174), is 321,803 and for OLS method F(16,170) is
51,575. The null hypothesis is rejected.

17 The OLS estimation is repeated after dropping the insignificant values of A (RGDP(-1)), A
(INT(-1)), A (GWR(-1)) and A (RM3(-2)). Since the significance of the other variables are not
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relation between money balances and output, whereas real money balances
is negatively linked to interest rate as the theoretical model suggests. The
dummies CC1, CC2 and D83Ql are insignificant in OLS so these are not
included in IV approach®®. For OLS method the Durbin-Watson statistics is
close to 2, and for IV approach Q-statistics of the model is low and
insignificant indicating that there is no autocorrelation problem in residuals.
Besides Q-statistics show that for the IV method selected instrumental
variables are appropriate. For OLS estimation, the model explains about 64
percent of the variation in A(RM3) whereas 62 percent of variation is
explained in IV approach. The coefficient of error correction term, as, is
significant and negative in both regressions. The significance of the coefficient
validates the cointegrating relation. The negative sign implies that a fall in the
excess money supply of the previous period leads to a rise in the cash holdings

in the current period correcting to reduce the disequilibrium.

To test whether correct specification is selected to represent the theoretical
model, Ramsey Reset test for stability is carried out for OLS estimation.
According to the results nonlinear combinations of estimated values do not
help to explain the changes in real money balances and the selected

functional form is appropriate. Besides, the results for Chow’s Forecast Test

affected and the estimation performance of the regression is not developed these results are
not listed.

18 |y approach is also applied with CC1, CC2 and D83Ql but the dummies are found
insignificant and the signs and significance levels of coefficients do not change. Therefore, IV
approach is implemented without dummies. This insight is in line with Hafer and Jansen
(1991), Mehra (1991) and Mehra (1993), where the dummies do not have a meaningful effect
on the long run cointegrating relation for M2 demand function.
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are summarized in table 4 for OLS method. The test confirms that there is no

structural break.

Long run and Short Run Elasticities of Money Demand:

By normalizing the coefficients of RGDP (-1) and INT (-1) with the coefficient
of RM3 (-1), the long-run income and interest elasticities are 1,073 (1,017)
and -0,019 (-0,053), respectively (IV estimates are given in parenthesis).
Comparing these long run elasticities with the short run values in table 5, the
long run income elasticity of money demand is larger than the short run
sensitivity whereas the interest rate sensitivity in long run is higher than the
values for short run. Jointly test of summation of the coefficients of RGDP(-1)
and RM3(-1) results that for both IV and OLS approach the null hypothesis of
unit output elasticity of money demand cannot be rejected due to low F-

statistics presented in table 3.

Table 6 proves that the income elasticities presented in table 5 are in line with
the previous studies. The studies of Teles and Zhou (2005), Mark and Sul
(2002), Lucas (2000), Hondroyiannis, Swamy and Tavlas (2001), Mehra (1991),
Hafer and Jansen (1991), Lucas (1988), Hafer and Hein (1984), and Friedman
and Schwartz (1982) find out an income elasticity of money demand near to 1
(In our thesis long run income elasticity is equal to 1,073 for OLS method and
1,017 for IV method). Only the studies Haug and Tam (2001), Ball (2001) and,

for some intervals, Hafer and Hein (1984) are not close to 1. The estimation
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method, selected time periods, form of the empirical model or selected
variables can be reasons for these different values. Nevertheless, the common
empirical and theoretical view is the unit output elasticity of income. Also, not
only for the US but also several countries including Japan, the UK, France,
Germany Mark and Sul (2002) claim that the unitary output elasticity is nearly

one for time period 1957-1996.

The estimated interest rate elasticities in table 6 differ from one study to
another. The most important observation is the dependence of the estimation
of interest rate elasticity on the method, selection of the variable to denote
interest rate and time period. To illustrate; Hondroyiannis, Swamy and Tavlas
(2001) estimate -0,28 by using a vector error correction model, but -0,04 with
the random coefficient model. Another example from the paper of Teles and
Zhou (2005) point out that over the last decades the interest rate elasticity
has dropped. Remembering that in our thesis the three months interest rate
on Treasury bill is used as interest rate and time period is selected 1959-2006,
we are not able to make one to one comparison. Our estimated interest rate
elasticities are not contrary to the previous studies, but lower than most of
the studies. The values of Hondroyiannis, Swamy and Tavlas (2001), Ball
(2001), Mark and Sul (2002), and Teles and Zhou (2005) are closer to our

estimations.
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Estimated Parameters of the Theoretical Model:

Combining the theoretical formulas for elasticities in equation 16, 17, 26 and
27 and the empirical findings, table 7 gives the values for parameters of the
model. The consumer’s elasticity of substitution between the consumer good
and real balances,{/, is small (0,019 for OLS estimation and 0,053 for IV
method) meaning that the consumer good and real balances are not close
substitutes for the US over the selected period. The relative productivity of
inputs to transactions technology, ¢, implies that the contribution of fixed
inputs is higher than of variable input for the US™. Therefore, the ‘bricks-and-
mortar’ costs are larger than the ‘shoe-leather’ costs. Remembering that the
fixed input includes tangible physical assets, such as ATM machines or number
of bank branches, and human capital, it is meaningful to expect a higher share
for the ‘bricks-and-mortar’ costs rather than variable input for the US where
the investment in human capital and physical assets in banking sector is quite

high?°.

Estimated Welfare Cost of Inflation:

The estimated parameters of the model in table 7 indicates that the welfare

cost of inflation, the elasticity of inflation compensating income with respect

19 The calculation of the parameter ¢ depends on both short run and long run elasticities of
money demand. The solution of equations with respect to ¢ yield more than one solution, but
a meaningful solution is presented in this thesis. Remember that the estimated values are
included to give an insight about the precision of the theoretical model. The estimated
parameters may not be equal to the precise actual values.

20 There is not any other study in the literature handling the transactions technology
together with a variable and fixed input. Therefore, our results could not be compared with
another benchmark paper.
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to the nominal interest rate, in short run is -0,981 for OLS and -0,947 for IV
method (Table 8). Because the elasticity of substitution between the
consumer goods and real balances is low, for the US the welfare cost is quite

high as a function of this elasticity.

Our estimated value for the welfare cost of inflation (0,98% of income for OLS
and 0,94% for IV approach for one per cent change in interest rates) is quite
larger than the calculated values of the previous studies. Lucas (2000) reports
his cost for long-run inflation as slightly less than 1 percent of GDP; using the
same method of Lucas (2000), Fischer (1981) and Lucas (1981) derive
estimates for the cost of 10 percent inflation ranging from 0,3 percent of GDP
to 0,45 percent of GDP. Another study by Chiu and Molico (2007) claim that
“welfare cost of increasing inflation from 0% to 10% is 0,62% of income for
the US”. All these results point out lower welfare cost. Nevertheless, two
studies by Craig and Rocheteau (2005; 2006) discuss underestimation of the
welfare cost of inflation by previous studies. Craig and Rocheteau (2006)
extend the model to include ‘participation decisions and trading frictions’ to
prove the misleading estimates of previous studies. Craig and Rocheteau
(2005) estimate the cost of 10 percent inflation as about 3 percent of GDP. In
their other study in 2006, the welfare cost associated with an interest rate of
13 percent (10 percent inflation, approximately) has a range from 0,5 to 1,5
percent of GDP. Though the estimations of Craig and Rocheteau (2005; 2006)

are still lower than our calculations, their study introduces a different method
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to estimate welfare cost rather than traditional way of Bailey (1956) followed
by Lucas (2000). Another study of Lagos and Wright (2005) report the welfare
cost of inflation ranging from 1 to 5 percent of GDP, which is a closer range for
our results. In brief, our results seem to be higher than the estimated values
of previous studies, but the fact is that the traditional way of Bailey (1956) to
estimate the welfare cost of inflation has started to be discussed and these
articles show that the actual costs may be more than economists forecasted.
Consequently, our results are line with the literature and recent

developments on welfare cost of inflation.

P-Star and Sticky Prices:

Testing the restrictions in equation 45 the Wald Test proves that the null
hypothesis can not be rejected supporting the P-Star approach21. In line with
our predictions in section 4.1 the theoretical model is enhanced with
exogenously determined income; the velocity of money is introduced with the
production function, and the interest rates and prices are determined within
the model. The empirical results confirmed a stable money demand for the
US, so the theoretical formulation and empirical results confirm that price gap

can be used as an indicator for the path of inflation for the US.

21 INT is considered to include the effect of velocity of money. To evaluate the results

without this proxy the Wald test on the coefficent of INT is applied in addition to the
restrictions of equation 45. Again, the null hypothesis can not be rejected.
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CHAPTER V

CONCLUSION

The money demand is one of the most popular topics in economics, but there
are only a few studies capable of combining both theory and empirical
studies. The basic motivation of this thesis arises both from this need. In this
thesis, the CIA model for money demand with a different definition as well as
integrating a fixed and variable input into transacting technology is studied.
The theoretical model allows us to investigate the welfare cost of inflation and
sticky prices linking to the P-Star concept. Starting from this theoretical
model, the empirical model on the US data is constructed. The US data over
1959:1 — 2006:4 confirms our theoretical results: the short run interest
elasticity of demand for money is less elastic than the long run demand; the
short run output elasticity of money demand is more elastic than the long run.
This opposite link is explained by the effect of fixed variable. In long run the
consumer holds more cash and transact more often, but in short run holds

more cash because of the fixed input. On the other hand, the increase of
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interest rate leads to hold less cash, transact more often in long run, but in
short run the fixed variable limits the consumer’s ability to substitute
transactions frequency with the level of cash balances. Besides, our
theoretical model predicts that the share of the fixed transactions input in
producing transactions and the consumer’s elasticity of substitution between
consumer good and real balances determines the long run-short run interest
and income elasticities of demand for money. The empirical findings state
that for the US there is a high share of fixed input and low elasticity of
substitution between the consumer good and real balances. The coefficient
test verifies the unit income elasticity for long run. The welfare cost of
inflation is quite high for the US. Besides, the theoretical model enables us to
integrate endogenous sticky prices linking with the P-Star approach. Both the
formation of theoretical model and the empirical verification on the stable
money demand lead to the support of P-Star approach for the US. The
empirical tests as well as the theoretical insights confirm that prices are sticky
and the gap in prices can have explanatory power to draw out the path of

inflation.

The results of this thesis can be used to figure out macroeconomic policies

such that:
i.  Interest rate and income elasticities of money demand are derived in
simple formulas as a function of parameters, so that the sensitivity

of output with respect to changes in real balances can be easily
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measured. Additionally, the link between the macroeconomic
policies and country specific parameters can be observed.

ii. The welfare cost of inflation can be calculated to understand the
magnitude of effect of inflation and priority of inflation policies.

iii. By the use of our theoretical model the endogenous sticky prices
can be introduced rather than exogenous prices. With the empirical
tests, price gap as an indicator for change in inflation, can be

confirmed or denied for different countries.

Further research on different countries, which experienced fluctuations in
inflation rate, can be done to test our model. Besides, the share of ‘shoe-
leather’ and ‘bricks-and-mortar’ costs can be measured for countries to direct
policies. Most importantly, a study of cost of inflation for various countries
can be helpful to measure, compare and compensate this cost. Another
extension of this thesis can be done via application of time varying methods.
To illustrate; Kalman Filter, which is an algorithm for calculating linear least
squares forecasts of the next period on the basis of data observed at current
stage, can be applied. Though the formulations of elasticities are simple, time

varying methods can be helpful to plot the evolvement of parameters.
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APPENDIX A

THE DERIVATION OF THE MODEL?

The equations summarizing the model are:

Output and Money Growth:

y'=y'ly and M'=wlM
B =B=0

The Transactions Technology:

n(k,T)= GEﬂk“’rl""y_l)%
k'=(1-3)lk +x

Resource Constraint:

C+T+X=Yy

Consumer Budget Constraint:

Plc+Tt+x)+M' +(1+i) B <PI+M +B+(w-1)IM

CIA Constraint:

Ply<M In(k,1)

Correcting the variables for Stationary Problem:

22 The theoretical model is utterly derived by Dr. Neil Arnwine.
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(1)

(2)

(3)

(4)

(5)



b+m+w-1
+

phc+t+x|+m +(1+i) b =ply =

(6)

py =" mik,1) )
w

Equilibrium Condition:

m=m=1
C+T+X=Yy

(8)

Utility Function:

L @, ozl
U(C) =4 1-a (9)
Inc, a=1

Value Function:

v(S)= max {ulc)+BIEV(S)} (10)

c,T,m,b' k'

The state vectoris: S ={ K, w, y}

First-order Conditions for the Maximization Problem of Equation 10 with
respect to Equation 6 and 7:
A : Lagrange Multiplier for Income Constraint (Equation 6)

M : Lagrange Multiplier for Budget Constraint (Equation 7)
Vc(S):C_a_pD\:O (11)

vr(S):-pﬂ+mT[“EhT=0 (12)
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vir(8)= A +BLE[un (8] =0 ()=~ (r +p1h)

v (S)=-(1+i)" D +BE[v,(S)]=0

s
@
11
e |>

Vi (S) =-plA+ B[E[Vk' (S')] =0

w()=" B, + (1-8)pr =0

(13)

(14)

(15)

The first-order conditions are combined with the market clearing conditions

to obtain the following Euler equations:

_1-y wlT

= by 11 and 12
H U (1-@me" Y
)\:BDEP—,H‘@} by 13
W w
(1+i)*= B EEP—} by 14
A w

pDH:,BEE['u'B@ y +(1—5)[p'D’I’} by 15

o K 1-y
)\:w[y by 7 and 11
n[¢®
B_17g T by 16 and 20
Aw -9y
E(LD
= (“) by 17 and 18
26

23 The equations with ‘*' refers to the equations derived with Euler Equations.
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Long-Run Stationary (Risk-free) Equilibrium:

Assume that )’ = y and W' =w. Also assume that:

! !

E—E—yL—L—yi—E—yn'—n

y v Y y Uy oy U

Then, the long run solution:

A et ]

f—y y 20 and 23
A N\ A

F?—D\, = [Sj =(l] =y* by 11 and 23

Pl \c y

T=k[O by 11, 16 and 19

where O = 1_7¢Eﬁ V- (1—5)]

w W g1

i=—0--1=—0H"" -1 by 18 and 24
sy g visan
w B o
Z={1+Em by 17
B [ X }D’l Y
——-g@liy=1n by 21, 27 and 28
Sl
rzo® g ¥ % g by 26 and 29
1-¢y 6
k=ow1g ¥ 3@ Y by 30 and 26
1-y 0
m U]
nk,1)=6"% @ [Eﬁml—(p) D‘]} by 1, 30 and 31
o [y T
= - by 7 and 32
P= o 1_wEﬂl ?) y
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(24)

*(25)

*(26)

*(27)

*(28)

*(29)

*(30)

*(31)

*(32)

*(33)



The Long Run Output Elasticity of Money Demand:

LR _
sLy =

a_L[_IX:]_
oy L

The Long Run Interest Rate Elasticity of Money Demand:

el =00

o3 =-
oi L v

The Indirect Utility Function:

[El—(aew-uew)[ﬁ % B%OWTT_H i

=6—Ua‘3lmi+%_lia(‘:_;my

ot di

Utility Cost of Inflation:

*(34)

*(35)

*(36)

*(37)

(38)

(39)

The elasticity of inflation compensating income with respect to the

nominal interest rate:

&

LR _

yi

L]

di

y du=0

(1-y)doo +0 )dy - g)u] ™

o~y -(@% oy -]
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Short-run Response:

We begin with the money demand function as a function of T and k:

w1
L= M = 1 _Y_gt [ﬁkfprl—fp)ﬁ 0y~ *(41)

The relationship between T and i and y is summarized by equation 42

which combines equations 1, 21 and 22:

1-p _9 _ M e -1
i :T [-:IL—Dkl‘L“t Fo oyl by 1,21 and 22 *(42)
-

This can be rewritten as an indirect function:

1~y
F(t,y,i)= k‘”Tl’Wy’l—{%Gl_e—(p[ﬂ} =0 *(43)

Taking the total derivative and setting equal to zero:
dF(t,y,i)=F [dt+F, [dy+F [di=0 *(44)

Rearranging, we obtain the partial derivatives:

d__R_1-y [E b &_%T_w [élng! +(4s)
di i

[ FT 1-op [1-¢ © k |
=
E___V:LQT_ *(46)
dy F 1- y

We can then find the short run interest elasticity and output elasticity for

T, the shoe-leather expenditure. These are both generally positive.

. 1-y
=T 170 4 ¥ 4701 gy *(47)
d v 1-@ |1-¢ 6 Kk

5R=dTB¥_ 1

=—F=_" *(48
v a1 1-qU (48)

€
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Returning to the short run money demand function, we can express the

response of money demand to interest rates and output in terms of Ts

response:
af‘ﬁsa—l_'t-li—
Jdi L
oL gty
T 0i L
_ T
q_, (p—l 1 - @u-l] L_HJLple(pm} i *(49)
| Y 9Ll e (-
L—q; g VKT _(1 v 1-@pk®T™® i 1
_1-g ) _
=- [y
af;E It T+a—|‘}
0T 0y O0y]| L
=|[-@-¢-¥ Ej[ﬁ r j+( 1 EHEX *(50)
L0y P amway) ey T
= 1 >1
1-@p

Utility cost of Inflation:
The indirect utility function is given by 51, where k is fixed and T is

implicitly defined by equation 40.
. _ 1 o 1-a
U(l,Y)—E[ﬁy -3k (51)

Equation 52 finds the total derivative and sets this equal to zero:
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ou ou

dU(i,y)—Wm +a_ym|y
OV P75, OUBLm
6r oi (52)
=-ly-r-a]” ol A, BB i 4y Hj[ﬁijw@imi
gy |1~ 6 k) i

+ —r—d<_”E-I—BT—Edj
[y ] L

This can be solved for the interest elasticity of ‘inflation compensating’

income:

sr_dy —_(_
ey =g v (1-y) . (53)
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APPENDIX B

TABLES
Table 1. The Definition and Sources of Data
Variable Source of Data Definition

Seasonally adjusted M3 : Includes M2

M3 US Fed Reserve and large time RPs, Euro-dollars, and

(http://www.federalreserve.gov/) | institutional money market mutual

funds.

RM3 M3 - GDP Deflator ratio in logarithm
Seasonally Adjusted Nominal Gross
Domestic Product quarterly data with

GDP US Bureau of Economic Analysis | annualized growth rates. Acquired

(www.bea.doc.gov/) from the NIPA (National Income and

Product Account) Table 1.1.5. of the
US Bureau of Economic Analysis.

RGDP GDP - GDP Deflator ratio in logarithm
Growth rate of output is derived

GWR using per cent change of RGDP from
one period to another.

Interest US Fed Reserve 3.months interest rate on Treasury

Rate (http://www.federalreserve.gov/) bills (secondary market) - Average

' ' ' over Month.

INT Interest Rate in logarithm
Index numbers 2000=100. Acquired
fi he NIPA (Nati I

GDP Price US Bureau of Economic Analysis rom the (National Income and
Product Account) Table 1.1.9. from

Deflator (www.bea.doc.gov/)

the US Bureau of Economic Analysis
(Seasonally adjusted series).
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AUGMENTED DICKEY FULLER TEST

Table 2. Unit Root Tests

Variable t-statistics with intercept t-statistics with intercept and trend
RM3 *-0,719 *-2,342
ARM3 **%.5,023 **%.5,021
AARM3 **%.15,624 **%.15,580
RGDP *-1,074 *-3,045
ARGDP **%.7,092 **%.10,780
AARGDP **%.11,820 **%.11,788
INT **.2,866 *-2,883
AINT **%.5,610 ***.5,584
AAINT **%.16,862 **%.16,825
GWR ***.7,075 **%.10,801
AGWR **%.11,816 **%.11,784
AAGWR **%.10,020 ***.9,993

Source: Author's Calculations via Package Program

NOTES:
1. The notations are:

* denotes that the null hypothesis that the variable has unit root cannot be rejected
under %1, %5 and %10 confidence levels.
** denotes that the null hypothesis is rejected under %10 confidence level, but cannot

under %1 and %5.

*** denotes the rejection of null hypothesis that the variable has unit root under %1,

%5 and %10 confidence levels.

2. Only first three digits of the numerical values are included in the table.
DICKEY FULLER-GLS TEST

Variable t-statistics with intercept t-statistics with intercept and trend
RM3 *x%%%2,108 *-1,791
ARM3 **%_4,617 **%.4,978
RGDP **%2,904 *-1,854
ARGDP ***%_1,875 *%%.4,998
INT *x%%%2,209 *-2,621
AINT **%.4,536 **%.5,246
GWR *xk%_1,798 **%.4,931

Source: Author's Calculations via Package Program

NOTES:
1. The notations are:

* denotes that the null hypothesis that the variable has unit root cannot be rejected
under %1, %5 and %10 confidence levels.
*** denotes the rejection of null hypothesis that the variable has unit root under %1,

%5 and %10 confidence levels.

**** denotes that the null hypothesis is rejected under %10 confidence level, but

cannot under %1 and %5.

**x%* denotes that the null hypothesis is rejected under %5 and %10 confidence

levels, but cannot under %1.

2. Only first three digits of the numerical values are included in the table.
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Table 3. Estimation of the Error Correction Money Demand Model

oLS IV METHOD
Variable Coefficient t-Statistics Coefficient t-Statistics
C -0,029 -0,544 -0,012 -0,156
A(RGDP) 3,085 0,814 1,598 0,215
A (RGDP(-1)) -2,155 -0,565
A (INT) -0,015 -3,624 * -0,014 -2,142 *
A (INT(-1)) 0,002 0,512
A (GWR) 0,004 0,305 0,007 0,196
A (GWR(-1)) -0,532 -0,570
A (RM3(-1)) 0,733 9,590 * 0,676 9,846 *
A (RM3(-2)) 0,003 0,043 0,097 1,292
RGDP(-1) 0,014 1,851 * 0,020 3,494 *
INT(-1) -0,0002 -0,299 0,001 1,275
GWR(-1) -0,184 -0,155 -0,342 -0,187
RM3(-1) -0,013 -2,048 * -0,020 -4,898 *
cc1 -0,007 -0,128
cc2 0,007 1,173
D83Q1 0,008 1,449
R-squared 0,641 R-squared 0,621
Adjusted 0,609 Adjusted 0,601
R-squared R-squared
F-Statistics 0,21 F-Statistics 0,01
(1,170) (1,174)
Source: Author's Calculations via Package Program

NOTES:

1. The dependent variable is A(RM3). C is constant; RGDP real gross domestic product; GWR
growth rate of GDP; INT three months treasury bill rate; RM3 real M3 balances; CC1 zero-one
dummy for 1980Q2; CC2 zero-one dummy for 1980Q3; D83Q1 zero-one dummy for 1983Q1,
respectively. A is the first difference operator and (-i) denotes the order of lag (i = 1,2). RGDP,
INT and RM3 are in natural logaritms.

2. * denotes the significant coefficients under %10 and %5 confidence levels.

3. The instrumental variable regression does not include first order lagged values of RGDP,
GWR and INT. The instruments are a constant, four lagged values of A(RGDP), A(GWR),
A(INT), two lagged values of A(RM3) and lagged values of RM3, RGDP, GWR and INT.

4. Only first three digits of the numerical values are included in the table.

5. F-Statistics are the test statistics for the summation of the coefficients of RGDP(-1) and
RM3(-1). The null hypothesis is:

"Coefficient of RGDP(-1) + Coefficient of RM3(-1)=0".

This is basically the test for unit output elasticity of money demand.
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Table 4. Chow Test Results

Degrees of Freedom for

Breakpoint F-Statistics Chi-Square Distribution
1984:1 1,190 92
1985:1 1,074 96
1986:1 1,119 100
1987:1 1,172 104
1988:1 1,258 108
1989:1 1,331 112
1990:1 1,378 116
1991:1 1,293 120
1992:1 1,305 124
1993:1 1,247 128
1994:1 1,211 132
1995:1 1,263 136
1996:1 1,237 140

Source: Author's Calculations via Package Program

NOTES:

1. Only first three digits of the numerical values are included in the table.
2. The LR test statistics has an asymptotic distribution Chi-Square with degrees
of freedom equal to the number of forecast points for the second sub-interval
(calculated above) under the null hypothesis of no structural change.

Table 5. Short Run and Long Run Elasticities of Money Demand

SHORT-RUN ELASTICITY OF| LONG-RUN ELASTICITY OF

OLS MONEY DEMAND MONEY DEMAND
RGDP 3,085 1,073
INT -0,015 -0,019
SHORT-RUN ELASTICITY OF| LONG-RUN ELASTICITY OF

IV MONEY DEMAND MONEY DEMAND
RGDP 1,598 1,017
INT -0,014 -0,053

Source: Author's Calculations
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Table 6. Comparison of the Estimated Long-Run Elasticities

of Money Demand

LR Income Elasticity
of Money Demand

LR Interest Rate
Elasticity of Money

Name of the Author(s) for the US Demand for the US
RESULTS OF OUR THESIS (WITH OLS) 1,073 -0,019
RESULTS OF OUR THESIS (WITH IV METHOD) 1,017 -0,053
Teles and Zhou (2005) Unitary output
(for the period 1900-94) elasticity -0,32
Teles and Zhou (2005) Unitary output
(for the period 1900-79) elasticity -0,26
Teles and Zhou (2005) Unitary output
(for the period 1980-94) elasticity -0,12
Teles and Zhou (2005) Unitary output
(for the period 1995-2003) elasticity -0,07
Mark and Sul (2002) 1,022 -0,039
Haug and Tam (2001) 0,86 -0,44
Unitary output

Lucas (2000)* elasticity -0,5
Hondroyiannis, Swamy and Tavlas (2001) (with
Vector Error Correction Model and
commercial paper rate) 1,78 -0,24
Hondroyiannis, Swamy and Tavlas (2001) (with
Vector Error Correction Model and yield on
corporate bonds) 1,64 -0,28
Hondroyiannis, Swamy and Tavlas (2001) (with
Random Coefficient Model and commercial
paper rate) 1,08 -0,07
Hondroyiannis, Swamy and Tavlas (2001) (with
Random Coefficient Model and yield on
corporate bonds) 1,06 -0,04
Ball (2001) 0,50 -0,05

67




Table 6 (cont’d)

Name of the Author(s)

LR Income Elasticity
of Money Demand
for the US

LR Interest Rate
Elasticity of Money
Demand for the US

Mehra (1991)

The null hypothesis
of unit output
elasticity can not be
rejected

Range from -0,08 to
-0,10

Hafer and Jansen (1991) (with corporate bond

rate) 1,07 -0,19

Hafer and Jansen (1991) (with commercial

paper rate) 1,08 -0,12
Range from -0,2 to -

Unitary output 0,4 for an interest

Lucas (1988) elasticity rate of 4 percent

Hafer and Hein (1984)

(for the time period 1915-1934) 0,59 -0,20

Hafer and Hein (1984)

(for the time period 1935-1954) 1,29 -0,23

Hafer and Hein (1984)

(for the time period 1955-1974) 0,60 -0,21

Friedman and Schwartz (1982) 1,15 -0,32

Source: Teles and Zhou (2005), Mark and Sul (2002), Haug and Tam (2001), Lucas (2000),
Hondroyiannis, Swamy and Tavlas (2001), Ball (2001), Mehra (1991), Hafer and Jansen
(1991), Lucas (1988), Friedman and Schwartz (1982)

NOTES:

1."*' For the study of Lucas (2000), we inserted the elasticities consistent with a shopping-

time model for money demand.
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Table 7. Estimated Parameters of the Model

Paramaters of the Model oLS IV Method
[ 0,019 0,053
¢ 0,747 0,834

Source: Author's Calculations from table 3
Table 8. Estimated Welfare Cost of Inflation
Welfare Cost of Inflation OoLS IV Method
dy _i
eF :F? g =-(1-¢)
Ylau=0 -0,981 -0,947

Source: Author's Calculations
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APPENDIX C

LIST OF SYMBOLS AND ABBREVIATIONS

Symbols Definition
y Output
\" Stochastic growth parameter
M Money supply
M Money supply as opposed to money demand
w Growth rate of money supply
B Government bonds in the form of one period
n(k,7) The transactions technology
k The fixed input
T The variable input
e Absolute productivity of variable and fixed inputs
@ Relative productivity of variable and fixed inputs
Customer's elasticity of substitution between real goods and real
balances
o Depreciation
X Investment into the fixed input
c Consumption
u(c) Representative consumer's utility function
a Parameter of the utility function
P Prices
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LIST OF SYMBOLS AND ABBREVIATIONS (cont’d)

Symbols Definition
i Market interest rate
B Discount factor
\' Velocity of money
Abbreviatons Definition

GDP Gross Domestic Product
ECM Error Correction Model
CIA Cash-in-Advance
MUIF Money-in-Utility-Function
MMDA Money Market Deposit Accounts
NOWs Negotiable Orders of Withdrawal Accounts
OoLS Ordinary Least Squares
v Instrumental Variable
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