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where ©* represents the exogenously specified deterministic gross growth rate
of the nominal money supply. Therefore, I am going to assume a Friedman-type
“k-percent” deterministic growth rate of the nominal supply of money Fried-
man (1960). Notice also that although, for purposes of comparison, the present
model has been described as also containing a shock to the productivity of the
credit sector, as in Gillman and Kejak (2007), throughout this paper I am
going to set this shock equal to it’s steady state value and keep it fixed in
simulations. The vector of shocks can thus be summarised as s; = [z, ug, vy,
where in simulations this vector assumes the shocks to be modeled in logs and
to be autoregressive of order one with innovations normally distributed and
zero off-diagonal variance-covariance matrix. Therefore, formally, the struc-
tural shocks affecting the stochastic off steady state characteristics of the
model can be summarised in VAR form as:

St+1 = @St + €t+1 (26)

where ® is a 33 matrix containing the autocorrelation parameters specified
along the diagonal of ® and e ~ (0, 2). Although coefficients of autocorrelation
for the structural credit productivity shock as well as the money growth rate
shock may be formally be specified, they will not matter in practice, as the
structural credit and money shock innovations €,, and ¢, will always be set
equal to zero. Since the economy contains no growth trend, and all variables
have been expressed normalised by dividing by the relative price of money F;,
the definition of the equilibrium can be set up in recursive form. Denoting the
state of the economy as s; = [ki—1, M1, 2, us, v¢], and with 5 € (0,1), the
representative household’s optimisation problem can be written in recursive
form as:

V (s) = {logc; + Wlogl, + BEV (s')} (27)

The model is solved by symbolically differentiating the first-order conditions,
market-clearing identities and exogenously specified laws of motion with re-
spect to current endogenous states, future exogenous states and future endoge-
nous jump (control) variables, as well as with respect to pre-determined past
period endogenous states, current exogenous states and current period jump
variables, thus obtaining the Jacobian of the system. Before differentiating,
all variables (except for rates) will have been expressed in logs. The Jacobian
can then be evaluated at the (log) steady state, split into matrices A and B,
which can be used to solve for the recursive law of motion using the Schur
decomposition as documented in Klein (2000) and Klein and Gomme (2008).
I therefore solve for the recursive law of motion using a first-order perturba-
tion method, where the local approximation is taken around the log steady
state of the system (except for rates, which are in levels), so that the ma-
trices describing the solution to the system typically contain elasticities and
thus percentage changes. The resulting stationary recursive laws of motion are
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expressible as:

Xt = PXt_l (28)
Yt - FXt—l (29)

where the matrices P and F' contain the elasticities and describe the solution
to the system and vectors X and Y contain the endogenous and exogenous
states, and the endogenous control (jump) variables, respectively. A stable
(non-explosive) solution requires all elements in P to lie within the unit circle,
so as to make the evolution of the endogenous and exogenous states behave
according to some stationary process.

2.4 Credit Production: The Source of Variability in Money Velocity

Before discussing the choice of calibrated values for relevant variables deter-
mining the steady state and off-steady state locally approximated dynamics, it
will be instructive to discuss the source of variability in consumption velocity
within the decentralised credit-banking model. A similar analysis is also car-
ried out in Gillman and Kejak (2007), who discuss and derive the interest rate
elasticity of velocity using the same credit production function. Here, instead of
focusing on consumption-money velocity directly (given by M,;/Pic; = my /¢,
I conduct my discussion using the inverse of relevant velocity measures (which
are the means-of-exchange shares in consumption), as volatility in the inverse
of a velocity measure translates into volatility of that velocity measure itself.
Therefore, substituting the implied labour demand in the credit production
sector back into the credit production function, I obtain

S G (30)

Wy

which can be log-linearised around the log of steady state variables, to give:

- P 1 . A .
ffi=hHh—-a= <I——p> (e <1Lip> b1 — <1Lip> Wy (31)

Setting the credit shock equal to zero which is assumed throughout the present
paper, and recalling that ¢, 1 = pt = ,ut—)\t, the above equation can be written
as:

= (%) (ﬂt - 5\t - @t) (32)
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Notice then, since ft* is the log-deviation of the share of credit used in purchas-
ing consumption, then m; = 1, —¢;, = (1 — %) ft* represents the log-deviation
of the share of money used in purchasing the consumption good. Sufficient
variability in the latter defined share, m;, translates into sufficient variability
of it’s inverse ()" = V™ which is equal to money velocity.

This means that the credit share has to be sufficiently variable in order to
obtain sufficient variability in money consumption velocity. The choice of cal-
ibrating the labour share parameter p in credit production, which matters in
the present discussion as it affects the elasticity of the credit share with respect
to vy, Et_l and w;, has varied in studies conducted thus far. For instance, Benk
et al. (2005) base their calibration of p = 0.21 on a time series estimate con-
ducted by Gillman and Otto (2005). Gillman and Kejak (2007) obtain a lower
calibrated value at p = 0.13, and show how it can be obtained using financial
industry data, Scheffel (2008) also calibrates the credit labour share value to
0.21 so as to match the model’s predictions of asset prices. Also, related to
this Gillman and Kejak (2008) prove how a value of p < 0.5 is required for
the marginal cost schedule to be convex.

In the present study, I will calibrate p = 0.18, so as to be comparable to pre-
viously chosen calibrations. As previous studies have indicated that a realistic
range of this value appears to be 0.1 < p < 0.25, this leads to the direct
consequence that credit shocks can potentially have much stronger effects on
money velocity than either changes in the price of credit or the wage rate. Us-
ing p = 0.18 as a benchmark case, leads to a credit share elasticity with respect
to v; equal to n, = (l%p) = 1.22, whereas the same elasticity for the price of

credit and the wage rate is n; = n,, = (TLLP) = 0.22, much lower. Disregarding
credit (and money growth rate) shocks alltogether and only focusing on how
goods productivity shocks can affect money velocity through the price (and
indirectly also the wage) channel, requires the price-wage (or interest-wage)
ratio to be volatile enough, which as I will show can be achieved by making
the real (an for given inflation expectations) and thus also the nominal rate

more volatile.

Indeed, as I will demonstrate, combining habit persistence in consumption
with adjustment costs to investment as in Jermann (1998), leads to a more
volatile behaviour of the representative household’s marginal valuation, 5\,5, a
consequently more volatile stochastic discount factor and thus also a more
volatile behaviour of the real rate of interest. As the volatility of marginal val-
uation also affects the volatility of the credit share (and thus money velocity),
this - for some given conditional behaviour of the wage rate - can potentially
enhance the effect of the price channel alone on consumption velocity. Be-
fore turning to the baseline model’s simulation evidence, and later one similar
evidence from extended version of the baseline model, I will summarise the
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calibration of the model in the section which follows.

2.5 Steady State Calibration

Table of benchmark calibrated Parameters

6 =0.99 discount factor p =0.18 credit labour param.
a =0.64 goods labour param. | f*=0.31 credit-to-cons ratio
Ay=1.0 TFP goods Ar=1.204 TFP credit

1l =0.7 leisure ny=0.00044 credit labour

0 =1.0125 money g. ngy=0.29956 goods labour

b =0.8 habit pers. k =3.0 cap. adj. cost

¢, =0.70 AR money g. shock | ¢,=0.95 AR goods shock

¢, =0.95 AR credit shock €, =0.0075 s.d goods shock

€, =0.0(set to 0) s.d. moneyg shock €, =0.00(set to 0) s.d credit shock

Table 1
Baseline Calibration

The above table summarises the chosen baseline calibration - where in antic-
ipation of extensions to the baseline model using habit in consumption and
adjustment costs to investment - the table already contains calibrated values
for parameter values relevant for the extensions as well. Turning attention to
the calibrated parameters, first of all, the discount factor 3, the labour share
in goods production «, the steady state total labour-leisure trade-off | and
ny+n, and the steady state growth rate of money, are all set to standard val-
ues familiar from calibration exercises of similar models conducted elsewhere.
Specifically then, labour in goods production receives approximately 2/3 of
the value of production in form of the goods production wage bill and leisure
[ is 70% of the total time endowment. Also, by calibrating the discount factor
£ =0.99, I obtain an annualised steady state real rate of 4%, and by setting
the quarterly gross growth rate in the money supply © = 1.0125, I obtain an
annualised steady state growth rate of inflation of 5%.

For the credit-banking sector, I chose calibrated values for the steady state
share of credit f* = 0.31 to be very close to the same value chosen by Benk
et al. (2005) (who set this equal to 0.3) and the labour share parameter
p = 0.18, which is slightly less than what the same authors choose (they
set this equal to 0.21). Given the TFP value in the goods sector of A, = 1.0,
finding the root of a non-linear system of equations residually determines
ny = 0.00044 (which is very close to Benk et al.’s obtained 0.00049) and
Ay = 1.204 (compared to Benk et al.’s obtained value of 1.422). Structural
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shock autocorrelation parameters are also chosen in standard fashion and are
set to m, = 0.70 and ¢, = 0.95, with standard deviations of ¢, = 0.01 and
e, = 0.0075, respectively, all of which are as in Benk et al. (2005).

Notice that, although the autocorrelation parameters on the credit and money
growth shocks are formally calibrated, the standard deviation of the innova-
tion is set to zero for both cases, so as to effectively eliminate those shocks
in simulations of the solved model. The habit persistence parameter was cal-
ibrated to b = 0.8 as in Jermann (1998) and Constantinides (1990). Finally,
using a specification of the adjustment cost function to investment from Can-
zoneri et al. (2007a), the relevant parameter x = 3.0, which is much smaller
than Canzoneri et al.’s chosen value of 8.0, thus calibrating the model on the
conservative side regarding investment adjustment costs. Next, I am going to
discuss simulation results obtained from the baseline model.

2.6 Simulation results

In this section I am going to present simulation evidence from the calibrated
baseline model. Evidence is presented in two different ways. First of all, graphs
of a representative simulation run are provided so as to allow visual inspec-
tion and verification of key properties. All graphs also show standard errors
(of percentage deviations)? - and autocorrelation coefficients - from the rep-
resentative one-off simulation, so as to convey clearly the volatility of various
simulated time series. To emulate a typical quarterly post-war sample size,
the simulation length is always fixed at n = 200, all simulated series are hp-
filtered prior to graphing and computing relevant statistics. Also, shocks to
productivity have been drawn once and then kept fixed in graphs across all
extended versions of the baseline model (inclusive of the baseline model itself),
so as to make simulation graphs directly comparable across model versions.

Secondly, tables with key statistical measures computed from simulations of
the model with habit persistence and adjustment costs to investment are
provided, which are not based on one, but 1000 simulations so as to obtain
expected values and standard errors of statistical measures. The simulation
length is, as before, held fixed at n = 200. Tables are only computed for the
final extended version of the baseline model, as for appropriate choices of the
parameter space, this model version nests all other models versions. The main
focus throughout is to examine if sufficient variability in (money-) consump-
tion velocity can be obtained without requiring too volatile interest rate series
(both real and nominal), but other key statistics are also examined. Regard-
ing the definition of “sufficient” variability in consumption velocity, I use the

12 where interest rates are quarterly deviations.
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reported sample means calculated by Hodrick et al. (1991), who measure vari-
ability in velocity using the coefficient of variation statistic to capture this

measure 3 .

For annual data, they obtain a correlation of variation approximately equal
to 0.46 with a standard error of 0.0097, and for quarterly data corresponding
values of approximately 0.4 with standard error 0.006. A secondary concern,
also examined by Hodrick et al. (1991), is whether this can be achieved with
statistics of other key variables lying within plausible ranges as well, where
my approach is more focused here mainly emphasising the joint volatility
of interest rates. So with regards to this, I take the computed sample value
of the percentage standard deviation of the real risk-free rate in Mehra and
Prescott (1985) as a benchmark, which is also reported in Jermann (1998),
and is equal to 5.76%. So a model calibrated quarterly needs to obtain a value
for the coefficient of variation in consumption velocity of 0.4 or more and a
standard deviation of the real rate in the neighbourhood of 5.76% '* in order
to successfully jointly capture the second moments of consumption velocity
and real interest rates.

Figure (1) documents the behaviour of various key variables of the baseline
credit-banking model described in the theoretical section, using graphs of one
representative simulation run. First of all, as is usual for standard (cash-in-
advance monetary) real business cycle models containing no additional fric-
tions, the stochastic discount factor (and thus the real rate) is conditionally
relatively high whenever (expected) consumption is higher than on average.
As usual, since this coincides with lower current period marginal valuation vis-
a-vis expected future marginal valuation (thus leading to a conditionally low
intertemporal marginal rate of substitution), the conditional real interest rate
is high, so as to prevent the household from borrowing against the expected

future rise in consumption .

More importantly, the top and bottom left-hand quadrants illustrate that
the baseline model’s variability in the nominal rate of interest is very low,
thus also leading to very little variability in the price of credit. This in turn
leaves the variability in the share of credit in consumption very low, thus
resulting in a very low variability of consumption velocity. The nominal rate
turns out to be so dampened in its movement relative to the real rate, as
increases in consumption (and thus liquidity demand) is not entirely covered

13 This is defined as the ratio of the standard deviation to the mean, so it is essen-
tially equal to a % standard deviation, which has the advantage of being scale-free.
14 Actually, in principle assuming a much lower variability in real rates is permissible,
as the latter reported figure of Mehra and Prescott (1985) is based on the variability
of ex-post realised real rates, as opposed to their ex-ante expected counterparts,

using expectations of inflation.
15 (see Uhlig, 1995, p.15).
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Fig. 1. Baseline Model

by increases in credit, and thus has to be partially also met by increasing
real money balances via a fall in (expected) inflation. In this particular case,
inflation expectations moving in opposite direction to the real rate, leave the
nominal rate fairly invariant. A similar situation occurs in the model with
habit persistence, where I discuss this property in more detail.

3 Adding habit persistence

In this section I am going to investigate the model’s properties which are
obtained by adding habit persistence in consumption, which is of relative habit
type as in Constantinides (1990), and not of “keeping-up-with-the-Joneses”
type, as in Abel (1990). Doing so amounts to a modification of the utility
function of the representative household, thus affecting the stochastic as well
as the steady state expression for the marginal utility of consumption. The
modified utility function including habit persistence is thus given by:

Uy =log (¢; — bey1) + Wlogly (33)
The marginal utility with respect to current consumption will therefore also

include a term taking into account how the choice of current consumption
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affects next period’s marginal utility. Therefore:

ou, 1 1

Uer = = —b
ot 5ct (Ct — th_l) /B(Etct+1 — th)

(34)

Habit persistence eliminates the time-separability in consumption, as current
marginal valuation not only depends on current consumption, but on current
consumption relative to some fraction of last period’s level of consumption.
Notice that although this creates a dynamic smoothing objective for consump-
tion !6 | the steady state value of marginal valuation and the marginal rate of
substitution between consumption and leisure are practically unaltered. This
follows from writing down the steady state version of the marginal utility of
consumption:

5 _ (=Y

— ~

‘T (1-be

. (35)

which for § = 0.99 can be approximated by the steady state of the marginal
utility of consumption for the logarithmic case

0.6 1.0

0.5

0.0
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Percent
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—0.6 -1.5
0 50 100 150 200 %0 50 100 150 200
Time Time
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—06 — rrate, o =0.136, acor=0.717 ol — cons, o =0.237, acor=0.931
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— nrate, o =0.083, acor=0.667 —— cmvel, 0 =0.163, acor=0.675
—0.8 -3
! 0 50 100 150 200 ;0 50 100 150 200
Time Time

Fig. 2. Baseline Model with habit persistence

16 e. the evolution of consumption will optimally be more autocorrelated (see den

Haan, 1995).
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Figure (2) illustrates the conditional behaviour of key variables of the credit-
banking model with habit persistence in consumption. The top right-hand
quadrant diagram documents how the representative household’s smoothing
objective (relative to the previous level of consumption) leads to an endoge-
nous consumption process which is highly autocorrelated and much smoother
compared to the baseline model’s prediction, in which consumption responds
in proportional fashion to productivity shocks hitting the goods production
sector. Due to habit persistence, the same quadrant also reveals how consump-
tion is less volatile, whereas credit becomes more volatile, in particular relative
to consumption. In general, compared to the baseline model, the level of credit
becomes to some extent disentangled from the endogenous consumption pro-
cess, and since past consumption works as a “drag” on current consumption,
current consumption reacts less responsively to current period productivity
shocks.

The top left-hand quadrant shows consumption-money velocity graphed against
the level of consumption. In spite of the already mentioned inertia displayed
in the endogenous consumption process, which results in velocity leading con-
sumption slightly, the graph still displays that consumption-money velocity
is counterfactually counter-cyclical with both consumption (but less so than
with output, due to consumption’s habit-induced inertia) and output. The
counter-cyclicality of velocity displayed by the baseline model with habit per-
sistence only thus runs counter evidence from the U.S. documented by Hansen
(1985) and Gillman and Kejak (2007). At the same time both the top left-hand
and bottom right-hand quadrants document how adding habit persistence to
the baseline model results in a much more volatile consumption velocity se-
ries, without leading to too volatile interest rate series. Along this dimension,
adding habit persistence improves the production-based baseline model, in-
creasing consumption velocity variability to reach a coefficient of variation
equal to 0.173, close to trebling the same measure obtained in the baseline
model without habit persistence.

The bottom left-hand quadrant shows how the volatility of the real rate is
not significantly different from the baseline model, whereas the nominal rate
is now much more volatile and generally moves in opposite direction to the
real rate. This means in particular that following a positive shock to goods
productivity, the economy expands and the return on physical capital rises
(thus also leading to a rise in the real rate of interest). The higher productivity
in the goods sector relative to the credit production sector leads to a movement
of labour to the former, thus resulting in a drop of credit production.

Less credit produced means more money demanded for some level of consump-
tion purchases, which requires pre-determined money balances to be adjusted
upwards by a drop of inflation below it’s steady state value and convergence of
the latter from below. But this implies a fall in inflation expectations which -
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through the Fisher equation - is strong enough so as to result in a nominal rate
moving in opposite direction to the real rate. In order to illustrate this last
point better, figure (3) shows the co-movement of consumption, the nominal
and real rate, and expected inflation, which through the Fisher relationship
will move so as to equate the two rates in real terms, adjusting the nominal
rate by inflation.

0.6

i

A
1A | /\'.a'.“‘,.“ W
N | "\ yh '*" “‘WWYW’W \ »h"' "y

Fig. 3. Baseline Model with habit persistence, prod. shock only

4 Adding adjustment costs to investment

In this section I am going to investigate the model’s properties which are ob-
tained by adding also adjustment costs to investment to the baseline model in
addition to habit persistence in consumption. Adjustment costs have been
studied by Eisner and Strotz (1963), Prescott and Lucas (1971), Hayashi
(1982), Baxter and Crucini (1993) and Jermann (1998). They typically also
feature in many models of the new neoclassical synthesis type, such as Lawrence
J. Christiano and Evans (2005) and Canzoneri et al. (2007b). This modifica-
tion requires a discussion of the modified problem of the decentralised aggre-
gate output producing firm. First of all, notice that I use an adjustment cost
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function as in Canzoneri et al. (2007a). This function is given by:

i¥ i¥ ? (36)
C(——)z—(———-)khl 36

ey 2 \ ki
Since in steady state I obtain i* = 6k, adjustment costs will not matter for
steady state calculations, as they will be equal to zero!”. However stochas-
tically (or off steady state), inclusion of this adjustment cost function means

that the equation describing the evolution of physical capital is modified to
give:

x

v
2

if —¢ (k—> =k — (1= 06) ks (37)

The firm’s problem is then setup differently, where first-order conditions with
respect to capital and investment have to be taken. The firm’s modified prob-
lem is thus stated as:
o] k)\

Ng t4k:Ketk =0 At

ET R P BT R Ry 38
N iy, — € ik ( ) Ktrb—1 (38)

Fivi—1

e
{yt+k — WetkNgt+k — Liyg

where the multiplier on the firm’s capital accumulation constraint is equal
to marginal utility in steady state only, i.e. A = &. Notice that the ratio of
the marginal value of installed physical capital to the marginal value of one
extra unit of wealth is equal to Tobin’s q, i.e. ¢ = &/\;. Taking first-order
conditions with respect to investment i¥ and the end-of-period physical capital
stock k;, results in the following conditions of optimality, which differ from the

baseline model:
ik
A= [1 ¢ (—t )] (39)
Feq

-k
which is the first-order condition with respect to investment, where (] <k§%)

is the derivative of the adjustment cost function with respect to investment.
Optimality with respect to physical capital yields:

&
& = BE; {)\t+1rf+1 + &4t l(l —0) — C]lf <Z%1>] } (40)

Figure (4) summarises key results of the baseline model with habit and ad-
justment costs to investment using graphs of a representative simulation run.

17 This property does not only hold for the average adjustment costs, but also the
derivatives with respect to capital and investment.
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Fig. 4. Baseline Model with habit persistence & adjustment costs

Adding adjustment costs to investment to the model which already contains
habit in consumption has two well-known effects documented by Jermann
(1998). Firstly, it raises the volatility of consumption in comparison to the
habit-only model, as the representative household faces a more inelastic sup-
ply of the physical capital storage technology, i.e. higher demand in savings
(consumption smoothing) goes hand in hand with higher adjustment costs
incurred from equating savings to investment, thus resulting in consumption
smoothing to be less successfully implemented (or to be frustrated by high
values of ¢; in times when the household would want to save more). Secondly,
combining habit persistence (which makes the representative household care
more about volatility in the absolute level of consumption) with the inelas-
tic supply of investment opportunities leads to a more volatile series of the
marginal value of wealth (or marginal valuation) thus increasing the volatility
in real interest rates.

For this version of the baseline model, the interplay between the goods and
liquidity markets (which are linked through the Fisher equation) happen to
be such as to result in relatively little volatility in inflation expectations, thus
causing most of the real interest rate volatility to directly translate into an
equivalent volatility in the nominal rate of interest as well. Also, in contrast
to the habit-only model, real and nominal rates move in tandem, which is
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an improvement as this has been found to be the case in various studies (see
Mishkin, 1982, 1990b,a, 1992). Real and nominal interest rate volatility, which
is almost doubled for the former and trebbled for the later in comparison to
the habit-only model, thus leads to an increased volatility of the price-channel
in credit production, which is the main focus of the present study.

For a given fixed upward-sloping marginal cost schedule in credit production,
the increased volatility in the price of credit leads to a larger variability in
the production of credit relative to consumption (or deposits) and thus also
to a more volatile consumption velocity process, which now possesses a coeffi-
cient of variation close to 0.4, thus making this version of the original baseline
model capable of successfully explaining the variability in consumption ve-
locity observed in the data. The key difference between the baseline model
and this version incorporating habit and adjustment costs, can be discovered
by comparing the respective model variants’ top right-hand quadrants, which
graph consumption and the level of credit.

Whereas the volatility of consumption is approximately the same, credit pro-
duction now overshoots® consumption in percentage terms. As in Jermann
(1998), here the very rigidity or inertia in consumption coupled with adjust-
ment costs of investment leads to an increased volatility in the price of credit,
which causes the latter to be much more volatile. In Jermann (1998), the real
rate becomes more volatile as a consequence of habit formation and adjust-
ment costs, but here the same volatility also carries over into the nominal rate,
via the Fisher equation and the inflation rate behaviour implied by counter-
cyclical credit production.

In contrast to Gillman and Kejak (2007), the successful modeling of consump-
tion velocity is obtained without any shocks to credit productivity at all, but
exclusively by raising the volatility of the price of credit. Improving on Hodrick
et al. (1991), the model only requires modest real and nominal rate volatility,
which are much less volatile than the aforementioned authors’ reported inter-
est rate volatility of approximately 30%. Finally, the habit-adjustment-cost
variant also reverses the negative finding of the habit-only model, in which ve-
locity was found to be counter-cyclical, which is now found to be pro-cyclical
again, as observed in the data.

18 actually, more precisely it undershoots following a positive shock to productivity,
and it is real money balances which are now procyclical and overshooting, as ob-
served in the data. But due to the inert behaviour of consumption, relative to this
series, overshooting sometimes is apparent.
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5 Sensitivity analysis of perturbation of the parameter space

In what follows, I present a sensitivity analysis based on a large number of
simulations and over some range of calibrated parameters of interest, where
[ wish to focus in particular on the degree of habit persistence (the pa-
rameter b), and the extent to which adjustment costs to investment matter
(the parameter k). In particular, I choose a parameter space for b equal to
b=10.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9] and for

k equal to k = [0.5,1.0, 1.5,2.0,2.5, 3.0, 3.5,4.0, 4.5, 5.0, 5.5, 6.0] which amounts
to simulating the model over a 9 x 12 grid. For each grid point, expected values
and standard errors of relevant statistics are computed based on 1000 simu-
lations of the model, setting the simulation length equal to a typical postwar
quarterly sample size of n = 200. All simulated series are filtered using the
Hodrick-Prescott filter prior to calculating the statistics. The first row in each
cell is always the coefficient of variation of simulated consumption-money ve-
locity (with standard errors), while the second row is always the corresponding
volatility of the real rate!® of interest (with standard errors). It is clear that
- unlike in Jermann (1998), who does not incorporate a labour-leisure choice
- although real rate volatility rises as physical capital supply becomes more
inelastic and habit persistence increases, it stays well below the unrealistically
high values reported in Hodrick et al. (1991). This is because endogenous re-
sponses in labour help to dampen the volatility of the stochastic discount
factor (or equivalently the marginal valuation of wealth).

19 The interest rate volatility has been annualised.



6¢

Habit 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Adj. Cost
0.5 0.071 (.005)[0.091 (.005)|0.114 (.007)|0.140 (.009)|0.168 (.010)|0.193 (.013)]0.218 (.015)|0.228 (.020)|0.209 (.021)
0.051 (.004)[0.024 (.004)|0.049 (.004)|0.044 (.004)|0.040 (.004)0.038 (.004)]0.034 (.003)|0.038 (.003)|0.06 (.002)
1.0 0.077 (.006)[0.103 (.006)|0.134 (.007)(0.169 (.010)|0.204 (.012)]0.237 (.015)]0.271 (.020)|0.288 (.024)|0.271 (.024)
0.011 (.001)[0.016 (.001)|0.022 (.002)|0.028 (.002)|0.035 (.003)|0.041 (.004)]0.048 (.005)|0.053 (.005)|0.057 (.005)
1.5 0.082 (.006)(0.114 (.006)|0.150 (.008)|0.191 (.011)]0.231 (.014)|0.274 (.018)0.311 (.024)|0.338 (.027)|0.322 (.029)
0.045 (.004)[0.054 (.005)|0.063 (.005)|0.075 (.005)|0.085 (.006)]0.096 (.007)/0.106 (.008)|0.110 (.009)|0.117 (.010)
2.0 0.085 (.006)(0.121 (.007)|0.163 (.009)|0.208 (.012)]0.254 (.016)|0.300 (.020)|0.344 (.025)|0.375 (.031)|0.358 (.032)
0.051 (.005)[0.082 (.006)|0.098 (.007)(0.112 (.007)|0.127 (.008)|0.140 (.010)|0.154 (.012)|0.164 (.014)|0.162 (.015)
2.5 0.088 (.006)(0.127 (.008)|0.172 (.010)|0.221 (.012)]0.273 (.017)|0.321 (.021)]0.371 (.027)|0.408 (.036)|0.395 (.036)
0.090 (.008)[0.105 (.008)|0.123 (.008)|0.142 (.008)|0.162 (.011)]0.177 (.013)]0.194 (.015)|0.206 (.019)|0.202 (.019)
3.0 0.090 (.006)[0.132 (.008)|0.180 (.010)|0.233 (.014)|0.286 (.016)|0.343 (.021)]0.395 (.026)|0.433 (.032)|0.420 (.040)
0.105 (.009)[0.124 (.009)|0.145 (.010)|0.168 (.011)]0.189 (.012)|0.211 (.014)]0.228 (.016)|0.24 (.018)|0.232 (.023)
3.5 0.092 (.006)[0.136 (.008)|0.186 (.010)|0.241 (.014)]0.300 (.019)]0.356 (.022)0.415 (.030)|0.459 (.037)|0.444 (.038)
0.117 (.009)(0.139 (.010)|0.164 (.010)|0.189 (.012)]0.215 (.014)]0.238 (.015)]0.260 (.019)|0.273 (.022)|0.266 (.022)
4.0 0.094 (.006)(0.140 (.008)|0.191 (.011)|0.247 (.014)|0.311 (.020)|0.376 (.024)/0.431 (.030)|0.476 (.038)|0.460 (.038)
0.128 (.010)(0.152 (.011)|0.179 (.011)|0.208 (.012)]0.238 (.014)|0.267 (.018)]0.286 (.020)|0.300 (.024)|0.278 (.023)
4.5 0.095 (.006)(0.141 (.008)|0.197 (.010)|0.256 (.015)]0.319 (.020)|0.384 (.023)]0.445 (.030)|0.493 (.040)|0.480 (.041)
0.135 (.011)[0.162 (.010)|0.195 (.012)|0.226 (.015)]0.258 (.018)]0.286 (.018)]0.308 (.022)|0.321 (.027)|0.299 (.026)
5.0 0.095 (.006)[0.145 (.008)|0.200 (.012)|0.262 (.015)]0.326 (.020)|0.393 (.025)]0.456 (.035)|0.503 (.040)|0.495 (.044)
0.140 (.010)(0.173 (.011)|0.206 (.013)|0.242 (.016)|0.276 (.018)]0.306 (.020)]0.329 (.026)|0.339 (.028)|0.316 (.028)
5.5 0.096 (.006)[0.145 (.009)|0.203 (.011)|0.266 (.015)]0.335 (.022)]0.403 (.026)]0.475 (.035)|0.521 (.038)|0.505 (.044)
0.146 (.012)[0.180 (.013)|0.217 (.013)|0.254 (.014)]0.294 (.020)|0.325 (.022)]0.354 (.030)|0.360 (.026)|0.33 (.036)
6.0 0.010 (.006)[0.148 (.009)|0.208 (.010)|0.272 (.016)]0.340 (.021)]0.412 (.026)]0.481 (.034)|0.530 (.044)|0.518 (.047)
0.154 (.012)[0.189 (.014)|0.229 (.013)|0.270 (.016)|0.308 (.020)|0.343 (.022)]0.369 (.027)|0.375 (.032)|0.344 (.032)

Table 2. Parameter Sensitivity Analysis of Variability of Velocity and Real Rates




6 Conclusion

The observed variability of consumption velocity, modeled using a simple
preference-based cash-credit model (see Stokey and Lucas, 1987), has been
found to be impossible to explain jointly with plausible variability of real
interest rates as implied by the same model (see Hodrick et al., 1991). In
that model, sufficient variability in the former requires too high variability in
the latter. Therefore, successfully modeling the second moments of the two
variables jointly appears to be an impossibility in that particular framework.
Since velocity is determined by a point of tangency between a downward-
sloping relative price schedule (determined by the nominal rate of interest)
and a smooth utility function in the cash and credit good, large fluctuations
in that relative price are needed in order to induce sufficient variability in
velocity by sufficiently dispersing that locus of tangency through time. This
theoretical failure is therefore a direct consequence of the low nominal interest
rate elasticity of velocity in the preference-based cash-credit model. With very
little variability in expected inflation - a typical outcome of flex-price models -
sufficient variability in the nominal rate is - through the Fisher relationship -
induced primarily through variability in the real rate, which is required to be
too high in comparison with empirical evidence on observed rates to explain
consumption velocity.

A decentralised version of a cash costly-credit model (see Gillman, 1993;
Benk et al., 2005; Gillman and Benk, 2007) determines the average of and
variability in consumption velocity instead through the intersection (and for
variability through the dispersion of that point of intersection) of a convex
upward-sloping marginal cost schedule in credit production and the price of
credit, which equals the net nominal rate of interest. This results in a different
interest-rate elasticity of consumption velocity, compared to the preference-
based cash-credit model, which is based on the technology specification of
credit production. In contrast to Gillman and Kejak (2007), who focus on
modeling the variability in income velocity primarily through the marginal
cost channel (the credit shock channel) and the resulting high credit shock
elasticity of consumption velocity, the present study has exclusively empha-
sised the variability of the price channel in determining consumption velocity
variability. It is this focus which likens the present study to Hodrick et al.
(1991).

The primary focus is to examine quantitatively using simulation evidence,
whether the model is capable of exhibiting sufficient variability in consump-
tion velocity without relying on too volatile interest rate behaviour, both
real and nominal. As in Jermann (1998), increasing interest rate volatility
is induced in a standard monetary RBC model using a combination of habit
persistence in consumption and adjustment costs to investment. The second
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moment of consumption velocity are well-matched, which constitutes a signif-
icant improvement over earlier findings of Hodrick et al. (1991) using a simple
cash-credit model. Both the second moments of the real and nominal rates of
interest - although increased through the habit-adjustment-cost framework -

remain relatively low, and are nowhere as unrealistically high as in Hodrick
et al. (1991)%0.

Finally, successfully obtained stable saddle-path solutions over a large range
of habit-persistence parameters indicates global determinacy of the model,
making the cash costly-credit model superior in this regard vis-a-vis simple
cash-only or cash-credit models, which have both been found to exhibit real
indeterminacy (see Auray et al., 2005). The reason for this is that costly credit
provides the representative household with an alternative means-of-exchange
to escape the cash-only component of the exchange constraint costlessly in
a net wealth sense, as the cost of using credit is re-distributed back in form
of the banking wage bill and the dividend return on deposits held with the
financial intermediary.

20 One reason why in the present model, interest rate volatility remains low com-
pared to Jermann (1998), is because a labour-leisure choice is incorporated, which
is absent in Jermann (1998). See also Lettau and Uhlig (2000) on how endoge-
nous variation in labour can dampen fluctuations in the real rate, in spite of other
rigidities such as habit formation and capital adjustment costs.
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