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Money, interest rates and the real activity

Hao Hong
Cardiff Business School

Version: July 6, 2011

This paper examines the effectiveness of monetary aggregates through
various nominal interest rates by integrating the financial sector into
the Cash-in-Advance (CIA) economy. The model assumes that there
are two types of representative agents in the financial sector, which are:
productive banks and financial intermediates. The productive banks
supply a financial service, which is an exchange technology service to
households and financial intermediates receive savings fund from savers
and offer loans to borrowers. The monetary expansions are increased
banking costs through the rate of inflation. It leads households to use
more exchange credit relative to cash at the goods market. Since the
number of savings funds is equal to the number of exchange credits used
at the goods market, money injections are lower the nominal interest
rate on saving as the saving fund increases with exchange credit. By
assuming that firms are the only borrowers at the capital market from
Fuerst (1992), a lower nominal interest rate on the saving fund reduces
the marginal cost of labour and increases labour demand. Meanwhile,
the increasing marginal cost of money through the expected inflation
effect has a negative effect on labour supply. With labour demand dom-
inating labour supply effects, both output and employment increase
with monetary expansion. The paper is able to generate a decreasing
nominal interest rate with an increasing money supply with an ab-
sence of limited participation monetary shocks from Lucas (1990); and
by allowing firms to borrow wage bills payment from financial interme-
diates, it examines the positive response of aggregate output subject
to monetary expansion under flexible price framework.

Key Words: monetary transmission, business cycles, banking sector,
interest rates

Subject Classification: 10, E44, E51



1. INTRODUCTION

Decreasing nominal interest rates with monetary expansion is an im-
portant monetary transmission mechanism in both traditional Keyne-
sian (Tobin, 1947) and monetarist (Friedman, 1968 and Cagan, 1972)
macroeconomics models. The positive correlations among monetary
aggregates and real economic activity are a key empirical fact about
the macro economy. Flexible price monetary RBC models, such as
Cooley and Hansen’s (1989), (1995) and (1998) Cash-in-Advance (CIA)
models cannot account for both the nominal interest rates and the real
impacts of the money growth rate. Benk, Gillman, and Kejak (2005)
extend the standard CIA model to endogenous velocity through the
function of productive banks and emphasizes the contribution of the
financial shock to business fluctuations. Furthermore, Benk, Gillman,
and Kejak’s (2008) monetary model was able to explain the behavior
of velocity through exchange credit production functions. However,
they cannot explain the lower nominal interest rate and the increase
in real economic activity with monetary expansion. The new Keyne-
sian economists employed Calvo’s (1983) type of price stickiness and
combined it with a DSGE framework to examine the positive response
of output to money injections. However, they failed to include the
negative response of the nominal interest rate to monetary expansion.

Lucas (1990) extended standard the CIA model with limited par-
ticipation monetary shock, which assumes that households make their
consumption-saving decision before recognizing monetary innovation.
The model indicates that money injections from the monetary author-
ity enter the capital market instead of the goods market. It generates
a liquidity effect on nominal interest rate because the size of the cap-
ital market cannot increase with monetary expansion.! Furthermore,
Fuerst (1992) linked the liquidity effect on the nominal interest rate to
real activity by assuming that firms’ borrow the wage bill before any
goods have been produced, and in so doing explained both the liquidity
and real effects of the money growth rate. In other words, the Lucas-
Fuerst’s (1992) limited participation CIA models request that house-
holds cannot adjust their consumption-saving portfolio with monetary
innovations, and that firms have to borrow wage payment before any
goods been produced, in order to generate a lower nominal interest rate
and raise output with the money growth rate.

This paper formulates, calibrates, and simulates the dynamic sto-
chastic general equilibrium model which incorporates the function of
productive banks and financial intermediates to investigate whether
the model is able to account for the relationship between monetary ag-
gregates and real activity under a flexible price framework. It extends
Benk, Gillman, and Kejak’s (2005) monetary banking model with fi-
nancial intermediates, and assumes that households make savings to
financial intermediates when they collect exchange credit from produc-
tive banks. For every unit of exchange credit which has been collected
by households, financial intermediates receive an equal number of sav-

IThis is due to limited participation monetary shock assumption. The size of capital market
is pre-determined by the number of the savings fund.



ings fund and they lend to borrowers at the capital market with a
positive interest rate. Following Fuerst’s (1992) assumption, firms are
the only borrowers at the capital market because they have to bor-
row the wage payments before any goods have been produced. Money
injections from the monetary authority increases the marginal cost of
money and credit price. With a higher marginal cost of money, house-
holds prefer to collect more exchange credit from banks and increase
the saving fund of financial intermediates. Increasing savings funds
with a fixed number of demands from firms’ wage bill will lower the
capital market interest rate. It reduces the marginal cost of labour and
leads firms to increase their borrowing from the capital market. The
increasing borrowing from the capital market by firms indicates that
there is an increase in firms’ labour demand. With a given initial capi-
tal stock, increasing labour demand will raise aggregate output through
the production function. In a word, the paper explains the monetary
aggregates and output relation through cost channel of monetary pol-
icy by extending standard cash-in-advance economy with functions of
financial sector.

The paper is organized into eight sections, the first of which is this
introduction. Section 2 presents the empirical evidence of money shock
on real activity and nominal interest rate. Section 3 sets-up the the-
oretical two exchange technologies DSGE model. Section 4 explains
the model’s calibration procedure. Section 5 discusses how the model’s
steady state is affected by the money growth rate. Section 6 examines
the model’s dynamic and findings. Section 7 will conclude the paper.

2. EMPIRICAL EVIDENCE

Leeper et al. (1996) examined 13 variables VAR model and found
that after an expansionary monetary policy shock both consumption
and investment rise. They, therefore, argue that any plausible model of
the monetary transmission mechanism should generate a rise in output,
consumption, and investment. Christiano, Eichenbaum, and Evans
(CEE) (1999) employed an identify VAR model and found that aggre-
gate output declines in response to a negative monetary policy shock.

The empirical evidence which comes from five variables? recursive
VAR (2) model® indicates there are positive effects of monetary inno-
vation on real economic activity. Figure 1 indicates that federal fund
rate and real activity are affected by the innovations on money equa-
tion of VAR model for U.S economy with time period from 1959Q1 to
2004Q2. The impulse responses of variables reflect the effect of chang-
ing in money equation error in VAR model. Clearly, money equation
innovation has positive effect on real activity, which includes aggregate
output, consumption and investment and negative effect on nominal
interest rate, which reflects the liquidity effect of money growth rate.

2The five variables include real GDP, consumption, investment, federal fund rate and M1.
With the exception of the federal fund rate, all variables are in log form.
3The number of lags are selected by using Schwarz criterion



Figure 1: Impulse responses of the nominal interest rate and real
activity to M1 innovation

Response of LRGDP to LNM1 Response of LRCON to LNM1

004
003 |

M .002,//—\

002 /\ 001

.000

-.001

-.002

o o
S o
E &
[ZJ N SO S CR O S

3. THE STRUCTURE OF ECONOMY

This part of paper explains the model economy and displays the
problems which are solved by banks, firms and households. It also de-
scribes the behavior of financial intermediates and monetary authority.
The model includes three sources of uncertainty which are total factor
productivity shocks to firms, banks and money growth rate.

Figure 2 reflects the structure of the economy. It includes four rep-
resentative agents, which are: financial firms, goods sector, household
consumers, and the monetary authority. There are two types of rep-
resentative agents in the financial sector: ‘financial intermediates’ and
‘productive banks’. The function of financial intermediates is to receive
savings from households and make loans to firms for wage payment.
Productive banks produce an exchange credit service to households
through Cobb-Douglas type of production function. Both loan able
funds are supplied by financial intermediates, and exchange credit is
provided by productive banks, which can be considered as an intra-
temporal source of finance.* Households receive money injections from
the monetary authority and labour, capital incomes from firms. The
exchange technology held by households for goods market transactions
includes real money balance and exchange credit. Households collect
exchange credit from banks and make savings with financial interme-
diates. The model assumes that the number of households’ savings

4The model does not include the inter-temporal finance between agents have been discussed in
Bernanke, Gertler and Gilchrist (1999)



are equal to the number of exchange credits which been collected from
banks. Firms have to borrow wage payments from financial intermedi-
ates before any final goods have been produced. The price of exchange
credit has to be above the nominal interest rate on savings fund to
allow money to be held by households. If the price of exchange credit
is equal to the nominal interest rate, then households will only hold
exchange credit for goods purchase and cash will be ruled out in the
economy.

Figure 2: The structure of model economy
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First of all, the positive monetary shock increases the rate of infla-
tion through the money supply equation. Rising inflation will increase
the marginal costs of money and exchange credit price. An increasing
marginal cost of money and exchange credit price has a negative effect
on real activity. It also decreases the money demand and increases the
exchange credit of purchase goods. This indicates that the consump-
tion velocity increases with the money growth rate, and has a positive
effect on real activities at the goods market. This has been consid-
ered as a velocity channel of money growth rate with two exchange
technologies framework. An increasing exchange credit purchase goods
implies that households have to increase savings as the marginal costs
of money increase. This leads to financial intermediates receiving more
saving funds from households. The fixed number of demand of sav-
ing fund indicates that the nominal interest rate has to fall in order
to allow financial intermediates to lend extra savings at the capital
market. When firms borrow to pay wage bill, this can generate an
increasing output with monetary expansion. This has been called a
liquidity channel of money growth rate. In other words, the model
generates anticipated and unanticipated increasing money growth rate



which has negative and positive effects on real activity.

3.1. Banks

The competitive banks in the economy follow Benk, Gillman, and
Kejak’s (2005) banking sector specification. Exchange credit f; is produced
by banks using Cobb-Douglas production function with constant returns-
to-scale in labour i/ and households’ deposit d;,. The shares of labour
and deposit are v and 1 — v, respectively.

fo=Aget (1] d (1)

Assuming that exogenous exchange credit technology are following
an AR (1) process with autoregressive parameter p, and structure shock
ef.

4= Pydi—1+¢] (2)

Each unit of exchange credit is sold by banks at price p/. The banks
have to pay the wage bill w,l/ and transfer dividends r¢d; to households.
The lifetime budget constraint that has been faced by banks is repre-
sented by equation (3). The constraint indicates that households collect
exchange credit from banks with labour and deposit costs. For each
unit of exchange credit which is obtained by households, there is a div-
idend and labour income deducted from households’ aggregate income.
The marginal cost of labour and deposit are indicated by equations (4)
and (5), which come from maximizing the exchange credit production
function subject to banks’ lifetime budget constraint. They indicate
that the shares of wage bill and dividend from banks are equal to the
shares of labour and deposits in an exchange credit production func-
tion.

rid,= p] fo—wil] (3)
' [

ri=pl(1 - )j (4)
t

w,= ptfvlf% (5)

Where w; represents real wages and r{ represents dividend payment
per deposit. Following Benk, Gillman and Kejak (2005), the model
assumes that the amount of household deposits in banks is equal to the
amount of exchange technologies, which include both cash and credit
which has been used in the goods market.

dt: — +ft+Tt (6)

Where M, ; represents the initial nominal money stock holding, P,
stands for price level, and T; represents money injections from monetary
authority.



3.2. Financial Intermediates

In contrast to Lucas-Fuerst’s (1992) limited participation CIA mod-
els, the model assumes that monetary innovations are happened after
households make a consumption-saving decision and money injections
are received by households rather than financial intermediates or banks.
This indicates that households are able to adjust their consumption-
saving portfolio subject to money injections, such as in the standard
CIA economy of Lucas (1982) and Svensson (1985). The function of fi-
nancial intermediates is to receive savings funds from households, which
happen after the exchange credit has been collected, and to make loans
to firms in the capital market. The amount of savings funds from house-
holds has been supposed to be equal to the amount of exchange credit
which has been collected by households from banks. This is indicated
by equation (7).

ft: bt (7)
Where b, stands for the amount of bank loans to firms in the capital
market. By assuming that financial intermediates have zero profit, the
income of lending is received by financial intermediates from capital
market equal to the savings payout to households. This indicates that
the nominal interest rate on the saving fund, which has been denoted
as R, will be equal to the borrowing rate across the equilibrium. Due
to the marginal cost of money and exchange credit price, which has a
positive response to monetary shock, an increasing money growth rate
raises the share of exchange credit purchase goods. This leads to more
exchange credit being collected by households, and increases the saving
funds paid to financial intermediates. With a positive interest rate,
financial intermediates have an incentive to lend savings funds in the
capital market. If the demand for savings funds at the capital market
has been determined by the real sector, then financial intermediates
have to lower nominal interest rate in order to lend an extra saving
fund to the capital market. This leads to a decreasing nominal interest
rate with money injections.

3.3. Household Consumers

Representative households maximize their expected log utility func-
tion (8) with a discount factor g € (0,1) and allocate their time endow-
ment among leisure, labour in goods production sector /{, and labour
in banking sector.

U=EoY B(Inc+¥inz) (8)

t=0
1=z +10+1] (9)

Aggregate output y; includes consumption and investment i; goods
and is produced by firms. The next period’s physical capital stocks k;
have been accumulated through the law of motion equation (11), with
quarterly deprecation rate §.



Y= Ct+it (10)

iv=ki—(1— 0)k,_, (11)

Goods market exchange technology constraint has been represented
by equation (12), which implies that households can either choose cash
or exchange credit to purchase consumption goods. The amount of cash
and exchange credit which is held by households for the goods market
has to depend on the marginal cost of money and exchange credit.
Equation (13) represents the amount of cash purchase consumption.
Where a; denotes the fraction of cash purchase goods.

My_y + T,

%ﬂﬂct: o (12)
t

M1 + T,

%: Q¢ Ct (13)

There are two sources of household income, which are labour income
wl? and capital income r:k; ;. The aggregate income of households will
be spent on consumption and investment. Equation (14) represents the
next period’s money holding for households.

My M4

P, P

—&—rfdt—i—wt(l —xz,)+ rtkt,l—l—Rtft—ct—pfft—kt—i—(l —-0)k,_, (14

Equilibrium conditions of households is represented by equations
(15)-(19), which come from households maximizing the expected log
utility function subject to lifetime and goods market CIA constraint.

%: P{—Rt (15)
t
145 = ge (16)
At
e Rf— rf
Tt 1
\I]Ct Wi ( 7)
R LA
BE,(—HE55) =1 (18)
Tt4+1 t
At41
BEt( X (rt+1+1 - 5)) =1 (19)

Where \; and p, represents the shadow prices of lifetime and goods
market CIA constraint. Equation (15) indicates that the marginal cost
of holding money has to be equal to the marginal cost of exchange
credit. The marginal cost of money can be explained by the relative
shadow prices between CIA constraint and lifetime budget constraint,
which is indicated by equation (16). The marginal cost of credit is the
difference between the unit exchange credit price p/, and the return



from saving R;, due to the exchange credit being used. The substitution
between marginal utility of consumption and leisure is affected by the
marginal cost of money, the deposit rate and the real wage, and is
represented by equation (17). Equation (19) represents the standard
RBC type of Euler equation. When combined with equation (18), it
indicates that the standard Fisher relation, which is the marginal cost
of money, is equal to the real interest rate plus the expected rate of
inflation.

ri=pl(1-)(1-aq,) (20)

According to equation (20), the deposit rate is influenced by the frac-
tion of exchange credit goods and credit price. This implies that there
is a velocity effect of money growth rate on marginal utility of consump-
tion and leisure substitution. Furthermore, according to firms’ labour
costs equation, the real wage is a negative correlation with the nomi-
nal interest rate at the capital market. This means that the nominal
interest rate at the capital market is able to affect consumption-leisure
substitution through the real wage.

3.4. Firms

Aggregate output is produced by representative firms using the
Cobb-Douglas production function, which includes exogenous technol-
ogy e**, capital stocks, and labour. The shares of capital stocks and
labour are a and 1 — «, respectively.

ye= e (1) ki, (21)

An exogenous Total Factors Productivity (TFP) shock has been
assumed to follow AR (1) process with autoregressive parameter p,
and structure shock &7.

2= pzzt,1—|—€§ (22)

In order to generate the real impacts of the money growth rate the
model follows Fuerst’s (1992) assumptions: firms are the only borrowers
at the capital market and have to borrow working capital to pay the
wage bill before aggregate goods have been produced. This creates an
additional CIA constraint that is faced by firms at the capital market,
which is indicated by equation (23). This shows that the amount of
exchange credit which would be collected by households is equal to the
firms’ cost of labour demand.

bt = U}tltg (23)

Firms have sales income from the goods market, and borrow income
from the capital market. They need to pay the wage and capital bill to
households, and transfer the interest rate payment to financial interme-
diates in the capital market. The marginal cost of labour and capital
comes from the maximized production function, subject to lifetime and
capital market constraints.



(1+ Rt)wtlf“'rtktfl: Y (24)

Y

(1+R,)w,= (1 - a)l—; (25)
t

ri= aktyil (26)

Where R; represents the bank loan rate at the capital market, r,
represents the real interest rate. The model follows Fuerst’s (1992) as-
sumption that firms must borrow to fund their wage bill. Consequently,
the appropriate marginal cost of labour to the firm in equation (25) is
the real wage times the gross rate of interest on bank loans. This re-
flects the cost channel of monetary policy. The interest rate decline
which is generated by the liquidity effect lowers the marginal cost of
labour. At each real wage, the labour demand increases and equilib-
rium employment and output rise.

3.5. Monetary Policy
Monetary policy which has been implemented by central bank through
money supply rule is represented by equation (27).
Mt: Mtfl-f—Tt (27)

Money injections from monetary authorities are represented by equa-
tion (28). It indicates that monetary expansion from central bank de-
pends on constant money growth rate ©*, monetary innovation e** and
the initial money stock.

T,= (0 +e* —1)M,_, (28)
The deviation of money growth rate is assumed to follow the AR
(1) process, with autoregressive parameter p,, and structure shock &7".

Ut= p’m,ut—l"i‘g;,n (29)

3.6. Competitive Equilibrium

Competitive equilibrium of this economy consists a set of feasible
allocations {y,c;, ky, My, 19,1 ;. f,,d,}, a set of prices{r,, w,,r% R,,p!},
exogenous shocks{z, ¢,,u,} and aggregate outcomes, such that:

° Given ry,w,,re, R,,p! allocation ¢, k,, M,, z,, f, solves the house-
holds’ problem; .

. Given wy,r¢,p! allocation I/, f,,d, solves the banks’ problem;

° Given r,,w,, R, allocation i{, k,,y, solves the firms’ problem;

° The goods, labour, credit and money market is clear;

10



4. CALIBRATION

The procedure of calibrating deep structure parameters is to map
the model economy into observed features of data. It implies that the
steady-state value of the model can be indicated by deep structure
parameters. With given deep structure parameters, great ratios are
predicted by the model’s steady state - which can be directly observed
from the data.

Table 1 below summarizes base line deep structure parameters which
are implied by U.S post war data. Compare this with the results of Coo-
ley and Hansen (1995) that had a quarterly depreciation rate § = 0.019.
The data set, which comes from Gomme and Rupert (2007), with du-
ration from 1950 Q1 to 2004 )2, indicates a quarterly depreciation rate
which is equal to 0.024. This also implies that the investment-output
ratio is 0.26. With a given depreciation rate and investment output
ratio, the steady state capital-output ratio is 10.8. Capital and labour
income shares are calibrated by using U.S data from 1950 Q1 to 2004
Q2. The results here are the same as those of Cooley and Hansen
(1995), in that it indicates that the share of wage and capital income is
0.6 and 0.4 respectively. With a capital share of 0.4, depreciation rate
0.024, and capital-output ratio 10.8 the steady-state Euler equation
implies that g is equal to 0.987; it further indicates that the quarterly
real interest rate is equal to 0.013, after depreciation rate. Further-
more, the U.S data indicates that the steady-state working hours from
the goods producing sector and leisure are 1/3 and 2/3, respectively.
This requires deep structure parameters ¥ which are equal to 1.61.

Table 1 also concludes the behaviors of technology, exchange credit
and monetary innovations. The steady-state technology shock has been
normalized to one. The autoregressive process and variation of tech-
nology shock follow the work of Cooley and Hansen (1995). By as-
suming a symmetric process between technology and exchange credit
shock, the model has the same autoregressive parameter and standard
deviation of exchange credit shock with technology innovation. The
monetary shock process is estimated by following regression with time
duration from 1959 Q4 to 2009 Q4. This indicates that there is a 1.2%
money growth rate per quarter at steady-state with persistence 0.64.
This result compares with those of Cooley and Hansen (1995), who
had steady-state money growth rates of 1.3% with persistence 0.49,
and Benk, Gillman and Kejak (2005), who found 1.23% steady state
money growth rate with persistence 0.58. The variance of monetary
shock from M1 regression is 0.9%, which is close to the results of Coo-
ley and Hansen (1995) and Benk, Gillman and Kejak (2005), which are
0.89% and 1% respectively.

Alog M;= 0.0045 + 0.64 * Alog M;_4

(0.0009) (0.0545)

There are three deep structure parameters within banking sector of
model: A,,a and v. Given one set of calibrated parameter values, the
other two can be implied by the model’s steady-state. The model em-
ploys the degree of diminishing return in the credit sector which is set ~
equal to 0.21, which borrows from Gillman and Otto’s (2002) estimate

11



for the U.S.

Table 1: Baseline parameters

Preferences
B 0.987 | Discount factor
7 1.6 Leisure weight
Good production
a 0.4 Capital share in good sector
5 0.024 | Capital stock depreciation rate
e* 1 Good sector productivity parameter
Banking sector
v 0.21 | Labour share in credit production
Monetary authority
o* 1.2% | Quarterly money growth rate
Shocks
Autocorrelation parameters
0. 0.95 | Good sector productivity
pq 0.95 | Banking productivity
0.64 | Money growth rate
Standard deviation of shock innovations
o, 0.7% | Good sector productivity
o4 0.7% | Banking productivity
Tm 0.9% | Money growth rate

Table 2: target values

7 1.2% | Quarterly inflation rate
k% Jy** 1 10.62 | Capita-output ratio
i*s/y** 1 0.26 | Investment-output ratio
xs® 2/3 | Leisure

5. THE TRANSMISSIONS AND REAL IMPACTS OF
MONETARY AGGREGATES AT STEADY-STATE

This part of paper discusses the properties of the model’s steady
state with different levels of the stationary-state money growth rate.
For the nominal side of the economy, the money supply rule implies
that the rate of inflation is determined by the money growth rate at
a stationary-state. The marginal cost of money can be examined by
time preference and inflation rate. Equation (31) indicates that the
marginal cost of money is equal to the difference between the exchange
credit price and the nominal interest rate at capital market. The Euler
relation indicates that the real interest rate is independent to the rate of
inflation, and the money growth rate at a stationary-state. It further
implies that great ratios are independent to the nominal side of the
economy.

12
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RS,= 5 (30)

(R,—1) = pl —R** (31)
SSs 1

aisszr“:ﬁ—l—i—é (32)

With great ratios are independent to money growth rate, equation
(33) implies that the nominal interest rate has a negative relation with
the fraction of exchange credit purchase consumption. The increasing
fraction of exchange credit used by households at the goods market
is decreasing the nominal interest rate at stationary-state. Equation
(34) implies that real wages have a negative relation with the nominal
interest rate. A lower nominal interest rate has a negative effect on
real wages. Therefore, with a given fraction of cash purchase goods at
a stationary state, both the nominal interest rate and the real wage
are independent to the rate of inflation. In other words, increasing
the money growth rate at a stationary-state raises inflation, marginal
cost of money and credit price. Real prices, great ratios, and nominal
interest rate are independent to the rate of inflation when the fraction of
cash purchase consumption is given at stationary-state. Equation (35)
indicates that the deposit rate, or marginal cost of exchange technology
moves with the exchange credit price. Clearly, with a given fraction
of exchange credit consumption, the money growth rate has a positive
effect on the deposit rate through the exchange credit price.

R5= (]' — a)y

T—am)er 33
Rew= (1 a)(S) 7 (39
== )1 - ") (35)

The effectiveness of monetary expansion is indicated by equation
(36). This reflects the transmission channel between money growth rate
and the real economic activity at a stationary state. By assuming inde-
pendent cash purchase consumption to inflation rate, the deposit rate
indicates that there is a negative relation between the money growth
rate and leisure-labour in goods sector substitution. In contrast, the
marginal cost of money implies that there is a positive effect of money
growth rate on leisure-labour in goods sector substitution. With a pos-
itive effect from marginal cost of money, which dominates the negative
effect from marginal cost of exchange technology, rising money growth
rate at steady-state increases leisure-labour substitutions, which in-
dicates a rise in leisure and lower labour at steady-state with money
growth rate. Labour supply substitution between sectors is represented
by equation (37), which indicates that the substitution between sectors
only depends on the exchange credit price at stationary-state. It fur-
ther implies the positive effect of money growth rate on banking sector

13



labour supply. With equation (36) and (37), increasing the money
growth rate lowers labour in the goods sector and has a negative effect
on aggregate output through the production function. Since the real
price ratio is independent to money growth rate, equation (38) shows
lower capital stock with decreasing labour in goods sector.

(R, — ¥

SS = 7 SS (36)
I (1—a%)
ZSS SS
=D
= g (37)
L Ié]
RSSwSS 1 — « kSS
= 38
7SS a Iy (38)

In conclusion, with a given fraction of cash purchase consumption,
increasing money growth rate at stationary state will lower real ac-
tivities, such as output, consumption, investment and labour supply
through the marginal cost of money and exchange credit price. This
indicates that there is negative effect of money growth rate on the
economy at a stationary-state.

6. THE MODEL’S DYNAMIC AND FINDINGS

The following section of paper discusses the transmissions and im-
pacts of monetary innovation on real economic activity. It explains the
inflation and liquidity effects on nominal interest rate with monetary
expansion, and generates a positive responses of output and employ-
ment subject to monetary innovations through varies nominal interest
rate. It also examines the effect of technology and credit shocks on
monetary transmissions and real economic activity.

6.1. Inflation and Liquidity Effects

By integrating financial intermediates with households’ problem, the
model introduces an additional CIA constraint which is faced by a
representative agent. In contrast to those limited participation models
where the representative agent can only choose the number of bonds
and is not saving subject to monetary innovation, this model allows
households to choose both the number of bonds and exchange credit or
saving subject to monetary innovations. Equations (39)-(41) represents
those households who maximize their expected log utility subject to
lifetime, the goods market, and capital market CIA constraints.

me—1

MaxEy Zﬁt(lnct + ¥lnmz) + A(
t=0

Riby +1dd; —my — o — ke —pl fr + (1 — 8)ks_1)

ﬂ%(m;_l + fr —ce) 0 (fr — by)

+riki—1 +we(1 — ) +
Tt

t
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fe: Mepl = myt, (39)
btl )\th: ur (40)

Atg1 + Mgy ) =
Tt41

mg. ﬂEt< A (41)

t

Fisher relations for nominal interest rate and cost of exchange credit
have been represented by the following equations:

- Atgp1+py
=y
A

5Et(M)

Tt41

Figure 3: The supply and demand of corporate bonds

s — g
b =wl,

Clearly, equation (43) indicates there is only an inflation effect on
price of the exchange credit. It implies that banking costs always in-
crease with monetary shock as it alone has an expected inflation effect.
In contrast, the nominal interest rate on savings funds includes both
inflation and a liquidity effect, and the liquidity effect will depend on
the n,—u, term. If n,—p,< 0 there is a liquidity effect on the nominal
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interest rate, if n,—u,~ 0 there is no liquidity effect on the nominal inter-
est rate. Whether the nominal interest rate decreases with monetary
expansion has to depend on the size of liquidity and inflation effect on
the nominal interest rate. If the inflation effect dominates the liquidity
effect then the nominal interest rate has a positive response to positive
monetary innovation. In contrast, if the liquidity effect dominates in-
flation effect then the nominal interest rate has a negative response to
a positive monetary shock.

Figure 3 indicates the effect of monetary innovation on the capital
market. The number of bonds which have been traded at the capi-
tal market can be considered as a firms’ borrowing (corporative bond)
for wage payments. Firms are issuing within period claims for wage
payments, which determines the supply of bonds. Households which
collect exchange credit and make savings can be considered as the de-
mand on the number of bonds. Monetary innovations increase the
demand on the number of bonds through raising households’ exchange
credit. When the supply of the numbers of bonds is determined by
real economic activity, increasing demand for bonds raises the price of
bonds and lowers their return, which is the nominal interest rate on
saving fund.

6.2. The Transmission Mechanism and Effectiveness of
Monetary Policy

Figure 4 represents the responses of the monetary transmission mech-
anism and real economic activity to positive monetary innovation. It
shows that the model is able to generate a negative response of nominal
interest rate to monetary shock, and indicates an increase in real eco-
nomic activity with monetary expansion. First of all, monetary expan-
sions have a positive pressure on the rate of inflation through the money
supply function. The increasing rate of inflation with money injections
leads the banking costs and the marginal costs of money to increase.
When the cost of holding money increases, households substitute from
real money balance to exchange credit for goods market transactions.
This means that the share of exchange credit purchase goods rises, and
the cash purchase consumption falls. With an increasing banking cost,
banks have an incentive to supply more exchange credit to households.
This leads financial intermediates to receive more savings funds from
households as more exchange credits have been used for goods market
transaction. The supply of bonds is determined by firms’ wage pay-
ment. Demand for bonds increase through rising in banks’ exchange
credit, which has a negative effect on the nominal interest rate of the
capital market. With an increasing exchange credit holding by house-
holds, financial intermediates have to lower nominal interest rate on
savings in order to lend extra savings funds to firms. Therefore, mone-
tary expansion increases the banking cost and marginal costs of money
through an expected inflation effect, and decreases the nominal interest
rate on savings.
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Figure 4: Variables response to a 1% positive monetary shock
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Figure 4 also summarizes the responses of output, investment, con-
sumption, and labour supply to monetary shock. Clearly, with a de-
creasing nominal interest rate and a cost channel of monetary policy
assumption, the model is able to generate a positive response of real ac-
tivity (except for consumption) to monetary expansion without sticky
price/wage and a sticky consumption-saving portfolio. A decreasing
nominal interest rate in the capital market has a positive effect on the
marginal cost of labour and increases firms’ labour demand. Increasing
real wages to monetary innovation leads to an income and substitution
effect on labour supply. The labour supply in the goods sector will
increase, and leisure will decrease, with a positive monetary shock due
to the income effect on real wages, which dominates the substitution
effect. With a given initial capital stock, rising labour supply increase
the aggregate output through the production function. Increasing out-
put with money growth rate has a positive effect on the real interest
rate through the marginal cost of capital equation because the initial
capital stock has been given. A change in the real interest rate intro-
duces income and substitution effects on capital stock. Figure 4 shows
that the capital stock positive response to monetary shock is due to
the income effect of real rate, which dominates the substitution effect.
Furthermore, through the law of motion equation, investment moves
in the same direction with capital stock. The model does not explain
the behavior of consumption subject to monetary innovation® because
the consumption is affected by the marginal cost of money, rather than
nominal interest rate at the capital market.

Therefore, by extending the monetary banking model of Benk, Gill-

SLeeper et al (1996) found that consumption increases with monetary expansion.
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man, and Kejak (2005) with the function of financial intermediates,
this model is able to generate a lower nominal interest rate on sav-
ing, subject to monetary expansion, without the limited participation
monetary shock assumption from Lucas (1990). In this model mone-
tary innovations increase exchange credit, and decrease money demand,
through the expected inflation effect of the money growth rate. This
encourages households to use more exchange credit in the goods market
and decrease their proportion of cash purchase consumption. For every
unit of exchange credit which is used by households, the model further
assumes that households have to make saving funds at financial inter-
mediates to back-up the exchange credit which has been collected from
productive banks. Therefore, savings funds increase with exchange
credit, and increase the demand of bond at capital market. With a
pre-determined firm’s wage bill, financial intermediates have the incen-
tive to lend savings funds at a lower rate. In other words, the model
examines decreasing nominal interest rate with monetary expansion by
integrating the functions of productive banks and financial intermedi-
ates into a cash-in-advance framework. By assuming that firms have
to borrow working capital before any goods have been produced, it
explains the positive relation between monetary aggregates and real
activity without sticky price/wage and limited participation monetary
shock.

6.3. Other shocks
Figure 5: Variables response to a 1% technology shock
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Figures 5 and 6 represent the response of the model economy to tech-
nology and credit shocks. Clearly, the real economy activities, such as
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output, consumption, investment and labour supply have a positive re-
sponse to technology innovation. The nominal interest rate on savings
and banking costs increases with the technology shock, while the mar-
ginal cost of money has a negative response to technology shock. This
happens because of the nominal interest rate, which increases more
than the banking costs. For the credit shock, monetary transmissions,
such as the marginal cost of money, the nominal interest rate and bank-
ing costs are a negative response to the credit shock. Real economy
activity, except for consumption, has a positive response to banking
sector innovation.

Figure 6: Variables response to a 1% credit shock
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In conclusion, the main function of financial intermediates is to re-
ceive savings and make loans to firms. The number of savings funds
from households occurs when the exchange credit has been used for
goods market transaction. This determines the demand for bonds in
the capital market. Following Fuerst’s (1992) assumption, the sup-
ply of bonds in the capital market is determined by the amount of
goods producing firms who have to borrow their wage payments. In
this model monetary policy has been implemented by the central bank
through the money supply rule. The positive monetary shock increases
the marginal cost of money through an expected inflation effect on the
money growth rate, and has a negative effect on labour supply. With
a rising marginal cost of money households will increase the exchange
credit which has been used in the goods market, and this creates more
savings for financial intermediates. This indicates that velocity has
a positive response to monetary shock, and lowers nominal interest
rate. Both the positive response of velocity and the negative response
of nominal interest rate have positive effects on labour demand. The
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velocity and liquidity effects, which dominate the inflation effect on
the labour market, indicate that households increase the labour sup-
ply and decrease leisure with a positive monetary shock. With a given
initial capital stock, an increasing labour demand raises aggregate out-
put through the production function. Therefore, this model is able to
explain the negative response of the nominal interest rate to money
injections without limited participation monetary shock, and gener-
ates positive responses of real activities subject to monetary expansion
under a flexible price framework.

6.4. Business Cycle Facts

This section of the paper concludes some of the observed features of
monetary business cycle facts which are replicated with model’s simu-
lations. Table 4 describes the cyclical behaviors of the U.S economy,
which are obtained from the detrended HP time series data, with du-
ration from 1959 Q1 to 2004 Q2. It also summarizes the simulated
economy statistics with technology, credit, and monetary shocks. Al-
though for the real side of the economy the model is able to explain
the relative volatilities of consumption and investment, it cannot ex-
plain the relative volatility of working hours. For the nominal side
of the economy, the model well explains the volatility of the nominal
interest rate, but it falls to examine inflation volatility. For nominal
real variables interaction, the model is able to generate the pro-cyclical
behavior of inflation and nominal interest rate, but it fails to generate
the negative correlation between the money growth rate and real eco-
nomic activity (except for consumption). The important contribution
of this model is that it can generate a negative correlation between the
M1 growth rate and the nominal interest rate, which has been inter-
preted by Cooley and Hansen (1995) as a liquidity effect of the money
growth rate. Table 4 concludes that the model is able to explain the
pro-cyclical behavior of nominal variables, such as inflation and the
nominal interest rate. It well explains the behavior of the nominal in-
terest rate from relative volatility, correlation.

Table 4: Simulated monetary economy with technology, credit and
monetary shocks

Relative SD (%) | Corr with y, | Corr with u,

Data [ Model Data | Model | Data Model
Output 1.00 1.00 1.00 1.00 —0.09 0.06
Consumption 0.5163 | 0.4295 0.79 | 0.92 —0.05 —0.24
Investment 2.7078 | 2.7852 0.92 0.98 —0.10 0.19
Hours 1.0036 | 0.4087 0.82 0.95 —0.24 0.23
Inflation 0.2854 | 1.9809 0.22 0.15 —0.25 0.70
Treasury rate 0.1809 | 0.2614 0.24 0.78 —0.43 —0.42
M1 grOWth rate | 0.6205 | 0.8302 —0.09 | 0.06 1.00 1.00
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7. CONCLUSION

The flexible monetary RBC models find it difficult to account for
the real impacts of monetary aggregates through existing monetary
transmissions. Cooley and Hansen (1995) have argued that the nominal
interest rate is the only monetary transmission channel in Lucas and
Stocky’s (1987) cash-credit goods CIA model. They simulated the
model with monetary business cycle facts and concluded that monetary
shock does not contribute much to the economic fluctuations in the real
variables displayed by a basic neoclassical growth model when money
is introduced by requiring a cash-in-advance constraint. Combining
a CIA constraint with a simple RBC structure model cannot account
for either the observed cyclical behavior of nominal variables or the
interaction between real and nominal variables. This suggests that
in order to successfully account for the interaction between real and
nominal variables in the data we need to introduce more sources of
non-neutrality than the inflation tax alone.

Lucas-Fuerst’s (1992) limited participation CIA models with sin-
gle exchange technology assumes that households cannot adjust their
cash-saving portfolio subject to monetary innovations, and that money
injections from the central bank are received by financial intermedi-
ates to generate lower nominal interest rate with an increasing money
growth rate.

This paper extends Benk, Gillman, and Kejak’s (2005) two ex-
change technologies monetary banking model with the function of the
financial sector, and does not request a sticky price/wage or a sticky
consumption-saving portfolio to examine the impacts of monetary ag-
gregates with various monetary transmission channels in a Dynamic
Stochastic General Equilibrium (DSGE) framework. There are two
types of ‘banks’ in this model financial sector, which are: productive
banks and financial intermediates. Productive banks provide exchange
credit services to households for goods market transactions, and finan-
cial intermediates receive savings funds from households and supply
loans to goods producing firms. The model assumes that financial in-
termediates receive savings funds after an exchange credit has been
used for a goods market transaction and representative firms, which
are the only borrowers in the economy, have to finance their wage pay-
ments in advance. Monetary innovation is an increase of the marginal
cost of money, and of the proportion of exchange credit purchase goods,
through an inflation effect of the money growth rate. With the func-
tion of financial intermediates, the model assumes that the number of
savings funds received by financial intermediates is equal to the number
of exchange credits which have been used by households in the goods
market. Raising the exchange credit from productive banks can lead
to either an increase in the savings funds or in the demand for bonds.
When the supply of bonds is determined by real activity, which is the
cost of labour demand, increasing the savings funds within financial
intermediates lowers the nominal interest rate. By employing the cost
channel of monetary policy, decreasing the nominal interest rate with
money injections has a positive effect on labour demand and increases
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real economic activity.

In contrast to Lucas-Fuerst (1992) type of limited participation mod-
els, money injections from the central bank in this model are received
by households instead of financial intermediates. Monetary shock raises
both the marginal cost of money and the price of exchange credit
through an expected inflation effect. This lowers the real money bal-
ance and increases exchange credit. The increasing exchange credit
indicates that there is an increasing demand for bonds through finan-
cial intermediates, and it lowers the nominal interest rates because the
supply of loanable funds (which is a cost of labour) has been deter-
mined by real economic activity. With a lower marginal cost of labour
demand, firms have an incentive to employ more labour and increase
aggregate output. The model is able to explain the real effects of
money growth rate through varying the nominal interest rates with-
out sticky price/wage or limited participation monetary shocks under
flexible price.

The policy implication of this model is that it introduces the in-
teraction between monetary policy and exchange credit. The mone-
tary authority can increase the money growth rate to allow households
to collect more exchange credits from banks and increase the savings
funds through raising exchange credit. This leads to more savings from
households being made with financial intermediates, which decreases
the nominal interest rate of the capital market. A lower nominal in-
terest rate with monetary expansion increases the labour demand from
firms and raises aggregate output.
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