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Abstract

This paper studies the nature of monetary policy with financial in-
termediaries that provide loans for working capital in a cash-in-advance
model with indivisible labor. Monetary policy occurs through money
injections either directly to families or to financial intermediaries.  In-
jections to families produce an inflation tax while injections directly to
financial intermediaries provide an inflation subsidy that improves out-
put, consumption, and welfare. This model helps explain why monetary
policy based on growth in monetary aggregates can have ambiguous out-
put effects, why central bankers prefer interest rate rules to monetary
aggregrate rules, and why estimated money demand equations tend to be
unstable.
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1 Introduction

The relationship between output and money (or inflation) is not well understood.
Even the data seem not to be clear about a relationship. Using long term data,
McCandless and Weber [14] show that the relationship for OECD countries is
that higher inflation rates are correlated with higher output growth. However,
when looking at Latin American countries they find that higher inflation rates
are correlated with lower output growth. Econometric studies trying to find
Granger causal relationships between money and output have generated very
mixed results. Sims [16] finds that money causes output but in later work
(Sims [17]) finds that the Granger causal relationship pretty much disappears
once interest rates are added to the VAR. The large literature on the instability
of an estimated money demand equation (in which output is usually included)
is further support on the complexity of the relationship.

In spite of this empirical confusion, many central bankers operate as if money
causes output and, specifically, that appropriately timed money injections can



increase output or (for example, following Friedman and Schwartz [8] on the
great depression) that withdrawals of money from the economy reduce output.
While most (or at least many) central banks currently operate under interest
rate rules or at least define their policy responses in terms of interest rates rather
than in terms of monetary aggregates, they do this with the presumption that
the interest rate rules work, somehow, through some kind of money channel.

This paper combines and slightly modifies two existing models to put some
order on the above observations. The basic model follows from Cooley and
Hansen’s [5] model of a cash in advance economy. In this model, money is
injected into the economy by, what is pejoratively called helicopter, money
transfers to or withdrawals from the households. In this economy, positive lump
sum transfers' operate as a tax, reducing output and welfare. The second model
follows? from Christiano [2], Fuerst [9], and Lucas [12] and posits a working
capital financial system where households deposit some of their money in a
financial intermediary who then lends these funds to firms to pay the wage
bill. In this model, a central bank operates by making lump sum transfers or
withdrawals of money to the financial system. Positive lump sum transfers to
the financial system work as a subsidy, reducing the interest rate on borrowing
and increasing output and welfare.

Injecting money directly into the financial system is an extremely simple
way of modeling monetary policy. What most central banks really do is change
interest rates (either discount rates or short term rates). One could model
monetary policy this way®. Cooley and Quadrini [6], in a complicated general
equilibrium model with job search, have a central bank that does open market
operations.

Models of real business cycles have been incorporating working capital as
a way of generating a positive hump shaped response to a monetary impulse.
Christiano [2], Dotsey and Ireland [7], and Christiano and Eichenbaum [3] are
examples of real business cycle models where variants of working capital are
included in real business cycle models. The model studied here is more stripped
down than theirs, there are fewer other elements added, and we get a clearer
picture of the implications of how money enters the economy.

The main point of this paper is that it is not just the amount of money
that is injected into an economy that matters, but where and how it is injected.
Transfers to families, which are something like financing government deficits
with money issue, and transfers to the financial system, which are a simplified
version of pretty standard monetary policy, are very different. By looking at
stationary states with money injections in this way, one can explain the different
correlations found in the long run data for the OECD countries (which have
mostly used monetary policy) and the Latin American countries (which have

IThese transfers might include pay as you go social security transfers and unemployment
compensation in an economy where the government that is running a deficit.

2Williamson [19] attributes "limited participation" models to Grossman and Weiss [10] and
Rotemberg [15].

3Since money can enter the economy in various ways, using interest rate rules means that
a central bank is changing the money that goes to the financial system.



mostly used seigniorage). By looking at the dynamic properties of models with
different sources of injections, one can explain why money demand equations
have coefficients that change with time (and with the way money is injected) and
why central banks prefer to use interest rate rules (since the interest rate policies
determine the amount of money that goes to the financial system). Modelling
money this way also gives some suggestions as to why Sims found that money
ceased to have a Granger causal effect on output once interest rates were added
to his VARs.

2 The model

The model is a simple cash in advance constraint model with a financial system
that takes deposits from the households and lends to the firms working capital
to finance the wage bill. There is a time cost to the household of spending their
current income in the current period, a kind of search cost that implies that
when they want to spend more of their current income quickly they do it less
efficiently than if they spend it slower. This is done as a sort of compromise
among the existing models, since some authors (for example, Cooley and Hansen
[5], Fuerst [9], Ireland [11], and Williamson [19]) choose to not allow current wage
income to be used for current consumption while others (for example, Carlstrom
and Fuerst [1], Christiano and Eichenbaum [3] and Christiano, Eichenbaum
and Evans [4]) do. While, in general, households will spend part of their
current wages, appropriate adjustment of the parameters of this cost function
can generate equilibria with either extreme.

Timing and knowledge usually matter in these economies. Limited partici-
pation models are simply ones where the decisions about how much to deposit
in the financial intermediary is made before the monetary shock is known. It
is usually the case in a limited participation model that the deposit decision for
period t is made at the "end" of period ¢ — 1. In the model presented here, the
decision about how much to deposit in period ¢ is made in period ¢, although the
limited participation results will be mentioned. In any case, stationary states
are independent of this timing decision.

2.1 Households

A unit mass of identical households maximize a utility function that depends on
consumption and leisure, 1 — h! — v (ni), where leisure is time available minus
time spent working and time used to spend wage income quickly. The problem
for household ¢ is to maximize
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and the flow budget constraint (with the cash in advance constraint removed),
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The time cost of spending your salary rapidly is

v(n) =am)”,
where 7! is the fraction of period ¢ wage income spent or deposited in a finan-
cial intermediary in period ¢ by household i. In these equations, ¢! is time
t consumption of household i, h¢ are the hours it worked, m! ; the money it
carried over from period ¢t —1, ki 1 is its holdings of capital at the end of period
t, and ny are its period ¢ nominal deposits in the financial intermediaries. The
economy wide variables are prices, P;, wages w;, rental on capital, r;, interest
rate on deposits, r}, the growth rate of money, g;, the money stock from the
last period, M;_1, and the fraction of the new money that goes as lump sum
transfers to households, x.

This optimization problem results in six equations for the system, four first
order conditions, the cash-in-advance constraint and the budget constraint.
Since all households are identical, in equilibrium, i = X;, for every household
variable z} = {c}, h, ki, ,m{ ni,ni}, where capital letters denote aggregate
values (except for 7,). The six equations, in aggregate terms, are
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2.2 Households in a limited participation version

In a limited participation version of this model, the decision about deposits in
the financial intermediaries for period ¢ is made at the end of period t —1. The
cash in advance constraint and the budget constraint become
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With these changes in the constraints, the aggregate version of the first order

conditions become
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Both M; and N;i; represent forms of holding money into period ¢ + 1. M; is
held as cash by the households and can be used for period ¢ + 1 consumption
expenditures. Nyy; is held as bank deposits and cannot be used for period ¢+ 1
consumption expenditures. An equilibrium condition under limited participa-
tion is that the money supply M;> = M; + N;,1.

2.3 Firms

The production sector is standard and assumed to be perfectly competitive.
The production function is Cobb-Douglas and can be written as

Y, = MKV H!,

where Y; is aggregate output of the one good and technology, A, follows the
path
InXi =yIn 1+ ag\,
with 0 < v < 1, and &} ~ N(0,0*). Perfectly competitive factor markets give
riw, =1 —0) \KIH
f

for the labor market, where r; is the gross interest rate that the firms pay on
the working capital they borrowed for the wage bill, and

ry = eAtheingig,

for the capital market.



2.4 Financial intermediaries

A set of perfectly competitive financial Intermediaries have the budget con-
straint,

Nt + (]‘ - X) (gt - 1)M£‘5'_1 = Pt'll)th.

All that they receive in deposits plus the transfers of new money from the
government go to the firms for paying the nominal wage bill. If x = 0, then all
new money issues go to the financial intermediary, if x = 1, they all go to the
households. It is through the parameter y that we can examine the effects of
the different methods of injecting money into the economy.

Since the financial intermediaries are perfectly competitive, there is a zero
profit condition of

T?Nt = T'tfthth.

All the income they receive from the firms as payments on the loans are passed
on to the depositors. Since the loans made and paid back inside period ¢ and
the technology shock is known when the loans are made, there is no uncertainty
for the financial intermediaries and all loans are paid back in full.

The monetary policy rule of the monetary authority follows the process

MF =gg: My .

In the basic model, the equilibrium condition for the money stock is that M =
M; and, in the limited participation version, the condition is MtS =M+ Niq1.
Here, g is the stationary state growth rate of the money stock and the stochastic
monetary shock g; follows the process,

Ing; =7wlng,_1 +¢f,

with 0 < 7 < 1, and €/ ~ N(0,09). In addition, the monetary authority (or
the central government) determines the value of the parameter x. As the model
is written, x € [0, 1], but this paper only considers the two extreme cases where
x=0or xy=1.

3 Stationary states

Writing the above system of equations! in aggregate terms and as stationary
state values, we have the 11 variables, {F, w,C,Y,K,H,N/P,M/P, F",Ff,ﬁ},

4The standard and the limited participation models reduce to the same stationary states.



and the 11 equations
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The stationary state growth rate of money, g, is a choice variable for the
central bank. The figures show a range of money growth rates of g € [1,1.5].
The models are quarterly so a quarterly inflation rate of 1.5 is equivalent to an
annualized rate of 506%. The stationary state values of the variables for this
economy are shown in Figure 1, for the case where all the money injections
go to the financial intermediaries, and in Figure 2, for the case where money
injections go to the households. Three economies are shown in each graph
(except for the graph of 7). A graph is shown for the case where wages cannot
be spent until the next period, n = 0, for the case where they can only be spent
in the current period and there are no labor costs to spending quickly, n = 1 and
a = 0, and for the case where there are labor costs for spending current wages
in the current period. For the economies used in this paper, the parameters are
£ =.99,§=.0250=.36, A=1.72 for all economies and for the economy with
labor costs for spending in the current period, a = .056, for all economies and
¢ = 1.5 for the economy with ¥ = 0 and ¢ = 1.3 for the economy with y = 1.°

Consider first the version of this economy where money injections go to
the financial intermediary, where x = 0, shown in Figure 1. In these cases,

5The parameter values for the sample economy used in this paper come from Cooley and
Hansen [5], except for the values of a and ¢ which were chosen so that v(n) is relatively
small and that n = 1 when gross money growth is less than 1.5. The model is meant to be
ilustrative and the parameters chosen roughly represent those found for the United States in
a number of studies.



where there are no costs to spending wages quickly, higher inflation rates are
accompanied by higher output, wages, consumption, employment, capital and
real money holdings. Borrowing interest rates decline (because of the money
issued to the financial intermediaries) and so do real deposits in the financial
system. Interestingly, this is true whether wages are included in the cash in
advance constraint or not (for  equal to both 0 and 1), as long as there are not
shopping costs. These models produce a Phillips curve type result where ever
higher inflation is correlated with higher output.

Some might object to a model where additional inflation increases output
without bound. Adding shopping costs makes the results more complicated
and probably more realistic. Increasing inflation first improves the economy
and later makes it worse off, at least until all current wages are consumed in
the current period. Since, in the model, shopping costs no longer increase,
increases in inflation then give results that parallel those of the no shopping
cost economies. Putting shopping costs into the model is one way of partially
taking into account the higher levels of velocity that are usually found in higher
inflation economies. Velocity is further explored in the next section.

For the version where money injections go directly to the households, x = 1,
higher stationary state inflation implies lower output, consumption, etc., and
uniformly makes the households worse off. This is the standard Cooley-Hansen
inflation tax result. Spending current wage in the current period reduces the
effect of the tax and can be seen to mitigate the inflation tax (seen clearly in
the graph for output, Y, in figure 2).

3.1 Changes in velocity
Velocity is normally defined through an equation of exchange of the form

pY
v=—,
M
where the M used here is some definition of money. For our stationary state
economies, we can write the above equation in terms of stationary state velocity,
v, as

_ Y
Vg = ———
M/P
when we define money as M, and as
_ Y
VN = —————
M/P+ N/P

when we define money as M;. For the case where xy = 0, so all money injections
go to the financial intermediaries, velocity as a function of the inflation rate is
shown in the left hand side of Figure 3 and the case where y = 1 and money
injections go directly to the families is shown in the right hand side of the same
figure.
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Velocity increases with inflation as individuals use more current wages to
purchase current consumption. Once all of current wages are being used in
the current period, vy becomes constant, although v; continues to rise with
inflation, but much more slowly. As long as they can do so, increasing inflation
causes households to consume faster. The fixed length periods in this cash-in-
advance model mean that once all of current wages are being used for current
consumption, there is no more the households can do to respond to higher
inflation. In real economies with high inflation, wages tend to be paid more
frequently than in lower inflation economies, so what we think of as a period
becomes shorter.

4 Dynamics

We use a log-linear version of the model to study the dynamic effects of a
monetary shock on the economy®. Two points are important here. First,
we want to see how the value of x effects the dynamics: how the short term
responses of the economy to a monetary shock change according to the way
money is injected into the economy. Second, we want to consider the relative
importance of the timing of the savings decision. In the basic model, the
decision on how much money to deposit with the financial intermediary is made
after the monetary shock is known. In limited participation models, the decision
about how much to deposit for period ¢ is made at the end of period ¢ — 1, before
the monetary shock and the technology shock are known.

The impulse response functions shown below have been found using standard
undetermined coefficients techniques that are described in Uhlig [18] or McCan-
dless [13]. The only minor complication occurred in the limited participation
version of the model where the existence of two step ahead expectations required
finding the roots of a cubic matrix equation rather than the quadratic equation
described in the references. The results are from rational expectations solu-
tions of log-linear versions of the models, found around their stationary states.
The coeflicients used for examples are the same as were used for the stationary
states found earlier with the addition of the coefficients of the error processes
of v =.95 and m = .48.

The set of dynamic models that we show is restricted to cases where wages
are either completely included or excluded from the cash in advance constraint
(n ={0,1}) and where deposits in the financial intermediary are made with or
without knowledge of the aggregate shocks (an in-period version or a limited
participation version). What we are really interested in is how the models re-
spond to monetary shocks when monetary injection go directly to the households
(and are included in the cash in advance constraint) or the monetary injections
go to the financial intermediary.

Figures 4 shows the impulse response functions (in response to a .01 shock
in the money growth rate in period 2) for the real variables in the basic model

6The dynamic economy shown here is one with zero inflation in the stationary state, g = 1.
The basic features of the dynamics do not change for higher stationary state inflation rates.
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when y = 0, where the money transfer goes to the financial intermediaries, and
figure 5 shows them for the nominal variables. The graph on the left is the
case where 7 = 0, current wages cannot be used for current consumption, and
the one on the right shows the case for n = 1, where current wages can be used
for current consumption. Figures 6 and 7 show the same response functions
for the economy with x = 1, where the money transfers go directly to the
households. The responses of the economies are qualitatively similar for n = 0
or n = 1 when the values of x are the same. While letting the households spend
their wage income in the same period it is earned does change the dynamics a
bit, the general direction of the responses are much the same as in the case
where they must wait until the next period to spend their wage income. The
biggest difference is in the case where the money transfers go directly to the
households, where the responses of the labor supply, rental income and output
are much smaller and the capital stock moves in the opposite direction.

However, the differences in economies with n = 0 or n = 1 pale compared
to the differences between the responses caused by the injecting money into the
economy through the household or the financial intermediary (between those
economies with y = 0 and those where y = 1). For almost all economies, a
monetary shock when injections go to the household (x = 1) results in declines
in the real variables and increases in interest rates. For the economies where
injections go to the financial intermediaries (x = 0), most real variables increase,
although there is usually a short term drop in consumption. This drop in
consumption is reverted after a couple of periods. These consumption declines
mean that even in economies where output increases with inflation, in the short
run it is not a free lunch.

The economy with the smalles negative response for real variables (except
consumption) to a monetary transfer to the households is the basic economy
with wages in the cash in advance constraint. I suggest that this economy is
somewhat strange in its timing, things happen very fast. Households have wages
in their cash in advance constraint and make their deposits decision including
that wage. There is little in the way of lags in the financial sector: today’s
wages go into today’s bank deposits that go into today’s loans to the firms that
are used to pay today’s wages. Even for a quarterly model, such a turnover
is very, probably too, fast. When a limited participation assumption is added
that lags deposit decisions, as in Figure 10, the response functions are more
similar to the others.

Figures 8 through 11 show the same set of response functions for a similar
economy with limited participation, where bank deposits are chosen before the
monetary (or technology) shock is known. Here the differences caused by the
value of 1, whether wage income can be spent immediately or must be held
to the next period, are much less and the differences caused by the location of
money injections are even clearer. For the case in figure 8 where y = 0 and
when 7 = 1 show the lagged effect that comes from combination of all of wages
going into the cash in advance constraint and savings being determined in the
previous period. However, correcting for that delay, the response functions are
similar to those of the other models.

12
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Figure 5: Responses of the nominal variables in the basic model with x = 0
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5 Conclusions

There is a broad literature on monetary policy channels. Here I consider two
possible money channels: lump sum transfers from the government directly to
households, a policy that might be likened to a government paying its unem-
ployment or retirement obligations by money creation, and transfers to financial
intermediaries, a kind of subsidy to the financial system which may be likened
to the effects of changing the interest rate at which banks can borrow from a
central bank. I would suggest that both of these (and possibly other) chan-
nels are in operation in many countries and the relative importance of one or
the other changes with time and the condition of the economy. What is par-
ticularly interesting about the two channels studied here is that they generate
very different and, in general, diametrically opposed responses to the same size
monetary shock. The characteristics of the two channels are fairly robust and
are maintained in models where wages do or do not enter the cash in advance
constraint and in models where the timing of the savings decision occurs before
or after the monetary shock is known (as in the limited participation model).
Lump sum money transfers directly to households function as a tax and simi-
lar transfers to the financial intermediaries function as a subsidy, changing the
relative price of the factors of production that are bought with credit.

These results provide insights into a number of economic puzzles. Central
banks prefer interest rate rules over monetary aggregate rules because interest
rate rules work through the financial system and cause the financial intermedi-
aries (in equilibrium) to borrow more or less from the central bank. Interest
rate rules work exactly on the kind of money injections that are positively cor-
related with output in our model. Monetary aggregates are misleading (and
have a ambiguous effect on output) because they are measuring a composite of
the two types of money injections that are working with conflicting results.

Another result is the often mentioned instability of estimated money demand
equations, which usually measure real effects on the economy as a function of
monetary aggregates. Since the model says that there are two money demand
equations, one for each channel of monetary injection. The aggregate money
demand equation that econometricians try to estimate is a composite of these
two equations where the weights between them change over time. Not surpris-
ingly, it is difficult to find stable results for such an aggregate money demand
equation.

The disparate results for the relationship between output and inflation (or
money growth) in the OECD countries and Latin American that McCandless
and Weber [14] found can also be explained under this model, simply by looking
at the results for stationary states. The long history of Latin American countries
of using seigniorage as a way of covering their central government’s expenses
and the unimpressive growth performance of Latin America are consistent with
this model. So is the much better growth record of the OECD countries,
where central banks use "money issue" through open market operations (which
go to the financial system) and where monetary policy has not generally been
dominated by fiscal constraints. The model also points out why fiscal dominance
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ruins the effectiveness of monetary policy. Depending on how money enters
the economy, inflation can be associated with output growth or decline. This
paper shows quite clearly how the different forms of money injection, that is, of
policy, provide reasonable, consistent explanations of the different relationships
between money and output that have been observed.

The Granger causality relationships of Sims [17] fit this model quite well.
Since appropriately chosen interest rates do a good job of measuring the mone-
tary policy effects on the financial system and are free of the mixed signal that
comes from the composite of the two channels found in monetary aggregates, it
is not surprising that money ceased to Granger cause output once interest rates
were added to the VARs.

In the model presented here, monetary injections through financial interme-
diaries produce the hump shaped response to monetary injections that is found
in the empirical literature’. This is true independent of whether the house-
holds know the money shock before or after they make their deposits decision
and whether wages are in the cash in advance constraint or not. One need
not have "limited participation" for the economy to produce this result. It is
a direct outcome of the subsidy effect of money injections to the financial sys-
tem. KEconomists have a lot of practice thinking about the effects of taxes and
subsidies and using this experience is a useful way of thinking about monetary
policy as well.
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