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Summary

This paper studies the volatility of consumption relative to output in
a simple general equilibrium model of a small open economy subject to
exogenous shocks in productivity. With infinite horizons and exogenous
terms of trade, the model generates variance estimates that are typically
well above those that can be observed in empirical data. The time series
process of consumption in empirical data, judged in this perspective, would
thus seem "excessively smooth," too stable to be consistent with
intertemporal optimization. However, if one allows for finite horizons,
broadly interpreted as liquidity constraints, the model is able to come up
with more reasonable estimates.

Although finite horizons and endogenous terms of trade help in one
dimension, by reducing the volatility of consumption relative to output, the
model still fails to produce a plausible degree of serial correlation with
respect to the consumption growth rate. The fact that the growth rate of
consumption is positively correlated suggests that durability and adjustment
costs are important aspects of consumption behavior. When these aspects are
incorporated into the household's decision problem, the model does well on
both dimensions.







I. Introduction

Conventional economic wisdom implies that innovations in. consumption
should be smaller than those in output. Yet changes in consumption e
typically exceed those in output. According to the traditional view, the
volatility of consumption relative to output would seem to be "excessive,"
too great to be consistent with intertemporal optimization.

How one views the relative volatility of consumption depends on how one
views the growth process. According to the long prevailing view of economic
growth, output fluctuates around a deterministic trend. 1In this case, the
observed behavior of consumption .clearly displays an excessive degree of
volatility. However, if one abandons the idea of a smooth trend, this is no
longer necessarily true. Following work by Nelson and Plosser (1982),
Prescott (1986), Campbell and Mankiw (1987) and others, many researchers now
question the traditional view, arguing that there is no reason to believe
that technicadl progress is described by a smooth trend. If this more modern
view is correct, consumption could indeed be less smooth than output. In
fact, as noted by Deaton (1986), the problem.is not that consumption is
"excessively sensitive" as argued by Flavin (1981). Rather, consumption
appears .to be "excessively smooth," a phenomenon which has widely been
interpreted as evidence of liquidity constraints. 1/ The fact that
aggregate investment and saving often seem to be positively correlated would
seem to support this view. ' '

If one allows for permanent shocks in output, the fact that consumption
is more volatile than output should come as no surprise. On the other hand,
failure to detect enough volatility should not by itself lead to the
rejection of intertemporal optimization for at least two reasons. The first
reason has to do with intertemporal substitution. Intertemporal )
optimization may still be consistent with the data if output innovations are
partly offset by relative price changes. For example, using a small real
business cycle model of a closed economy derived explicitly from first
principles, Christiano (1987) examined the role of interest rates and found
that even small interest movements were sufficient to explain the lack of
volatility of consumption in the United States.

While offsetting interest rate movements would seem to be a remote
possibility in most. small open economies, what about changes in terms of
trade? To the extent that innovations in output are important enough to
move the market for domestic goods, one would expect the volatility of
consumption to be a decreasing function of the volatility of terms of trade.
The problem with endogenous terms of trade as an explanation of the observed

1/ See for example Flavin (1984). Recent empirical studies of the role
of liquidity constraints include Campbell and Mankiw (1989) and Japelli and
Pagano (1989). See Hayashi (1985) for a survey of earlier work.



smoothness of consumption is that it generally implies that investment is
less volatile as well. As with endogenous interest rates, this suggests
that smaller economies are more likely to be volatile than larger ones.

The second reason why one:should be careful not to reject intertemporal
optimization too- quickly has to do with the durability of consumption.
Empirical applications typically exclude purchases of durables, focussing
instead on consumption of services and nondurables. However, this approach
fails to consider the obvious fact that many nondurables (and indeed even
some services) are not expected to be used up immediately after they are
acquired. Empirical studies by Hayashi (1985) and Bernanke (1985), for

"example, that try to model household behavior in a more realistic manner,
indicate that durability can successfully explain the observed behavior of
consumptlon with-only a very minor role for ' liquidity constraints.

By looking at how consumption Behavés; is it possible to recover the
underlying growth process? Generally not, since different time series
processes for output may be consistent with the same process for household
wealth. However, provided that consumption behaves according to standard
theory, the volatlllty of consumption relative to output can still be seen
as an indication of the importance of permanent shocks. 1/ Based on"
simulations of a small real business cycle model, this note provides some
simple numerical examples intended to illustrate these rather simple ideas.
The note demonstrates how the observed volatility of consumption can be
"accounted for'in-a model explicitly derived from intertemporal optimization.

II. The Model

The model is in the small open economy tradition, constructed along the
lines of the recent business cycle theory as, for example, in Cardia (1991),
Leiderman and Razin (1989), Mendoza (1991) and Zeira (1987). 2/ The
representative firm operates under perfect competition and takes all prices
as given. However, if the size of the domestic market is sufficiently large
relative to the market for domestic goods as a whole, terms of trade may
still be endogenously determined. Economic agents can borrow freely from
the rest of-the world at a given world interest rate. While the focus in
this paper is on productivity shocks, the model ‘'can be used to consider
other types of shocks as well. Expectations about future variables are

1l/ A number of researchers have argued that consumption may be subject to
"taste shocks," movements in consumption which are unrelated to news about
interest rates or incomes, in which case this interpretation may no longer
be valid. :

2/ There is by now a large and growing literature on saving and
investment behavior in equilibrium models. Examples of two-country models
include Backus, Kehoe and Kydland (1992), Baxter and Crucini (1992),

Finn (1989) and Stockman and Tesar (1990). For an overview of the real
business cycle research program, see McCallum (1989) and Plosser (1989).
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introduced by assuming rational expectations. Approximate decision rules
for the model’s dynamic behavior are derived from solving the deterministic
version of the model in an environment of perfect foresight.

1. Firms

In each period t, the representative firm produces output Y, with a
Cobb-Douglas production function using capital K; and labor L.:

Ye=ApZ oK 0L (179 0<a<1

where productivity is the sum of a deterministic time trend Ay and an AR(2)
process Z, which is subject to identically and independently distributed
shocks ¢z, with zero mean and standard error o.z:

Ap=(1+p) (1m)E

InZp=y1InZi 1 #y2InZe_g+eze v1+72=1

Employment may either be derived from the representative household’s
leisure-consumption choice or considered to be exogenous subject to some
stochastic process. The apparent failure of efforts to explain employment
variations solely through unconstrained utility optimization has triggered a
search for alternative explanations which basically fall under any of the
three headings "implicit contracts," "insiders" or “efficiency wages." The-
present version of the model is based on the second approach. Employment is
an AR(2) process:

InLe=lnL+¢11lnLe 1+¢olnle pteze §1+2<1

There are no‘:independent shocks in employment. However, because of
real wage rigidity, employment responds positively to shocks in productivity
after which it gradually returns to its long-run value. In each period,
employment is set to equate the marginal product of labor with the real
product wage. Wages are partly predetermined by expectations about the
marginal product of labor in the previous period. When the real product is
completely predetermined, a shock in productivity'eZt causes a shock in
employment equal to (l/a)ez,.. The other extreme is when the real product
wage moves with the marginal product of labor so that employment remains
unchanged. To strike a balance between these two extremes, it is assumed
that employment responds to shocks in productivity in a one to one fashion.
Consistent with the 'stylized fact that real wages seem to be only weakly
procyclical, this assumption distributes most of the shocks in productivity
to changes in employment. .

As in Hayashi (1982), there are convex installation costs, implying
that the firm only gradually adjusts its capital stock to the desired level.
While real net investment is simply the change in the capital stock K, yq1-K,
real gross investment I, also includes installation costs ”((Kt+1'Kc)/Kt) X
(K¢g41-K¢) and depreciation 6K;:
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In carrying out its investment plans, the representative firm uses a
combination of domestic and foreign goods, denoted below by superscripts y
and x. The composite good is a linearly homogenous CES function in domestic
and foreign investment goods. In the special case with a unitary elasticity
of substitution between the two goods, it is a Cobb-Douglas function:

1 1 1
(=) (- (—) . (1 ) ( )
7 ?_I
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I use the timing convention that all transactions, payments of
dividends and wages as well as purchases of investment and consumption
goods, -are made in the end of each period. - With r, denoting the real
interest rate, Pg the price of domestic goods, W, the wage rate and P the
price index of the composite investment good, the value of the firm Ft can
be written: ' :

Ft—Et[Z i (1—")(P J¥s- Wslg-Plrg)]

s=t V=t
Given technology and output and input prices, the firm is assumed to
choose its production and investment plans. to maximize its expected net
present value. Maximizing the firm’'s net present value subject to the

difference equation for the capital stock yields the following first order
conditions for an optimal investment program: =

(Kes1/Aes1) ~(Ke/Ap) =((qe/P E-1)/2n) (Ke/ae)

' 1 1 1l-a
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(Kt+2/At+2) (Kt+1/At)
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As usual, investment depends on the value of an installed unit of capital
relative to its replacement cost q, (Tobin’'s average and marginal q).
Similarly, maximizing profits with respect to employment involves setting
the real product wage equal to the marginal product of labor. Finally,
finding the least-cost combination of domestic and imported investment goods
yields a solution which defines the firm’s demand for each good as a
function of investment and relative prices:
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2. Households

There are overlapping generations of households with finite expected
lifetimes. Following Blanchard (1985), each household faces a given
"probability of survival" from the current period to the next A so that the
"expected remaining lifetime" or planning horizon is equal to 1/(1-X). The
fact that households have finite horizons implies that they pay a risk
premium in the capital market which is one reason why Ricardian equivalence
may fail to hold in this model. 1/ The representative household has a
CRRA instantaneous utility function defined over consumption C,. and
maximizes expected discounted utility which can be written:

[}

A ys-t - -1.(1-1/m) -

E¢ (T__') Ugl Up=(1-1/m) " C =lnC¢ for =1 A<l p>0
sgt i ’ t ]

where p is the subjective discount rate and m is the intertemporal
elasticity of substitution. Adjustment costs and durability can be taken
into account if the household’s decision problem is rewritten in a way
similar to the firm’s. This involves adding an adjustment cost function and
a difference equation for the stock of consumption goods. For example, a
solution is easily found if the adjustment cost function enters
multiplicatively into the utility function:

Up=(1-1/m) " L(Ce(Cr/Cr-1)®) (11T 40 a0
Similar to investment, consumption is a composite good consisting both

of domestic and foreign goods. The consumption composite is a linearly
homogenous CES function in domestic and foreign goods:

l/ Finite horizons increase the sensitivity of consumption to changes in
current income and tend to tilt the response to productivity shocks into the
future. A convenient alternative to this specification is the Campbell and
Mankiw (1989) setup with current income consumers who set consumption equal
to their disposable income.




1 1 1
(=) (1-—) (=) (1- ) ( )
Ce=(wy 2 ¢7  “2 +(1-¢1) “2 ¥ y “27 7
=w{w1(l-w1)( 1= 1)CywlC (1-w 1) foz'w2 =1

The expected value intertemporal budget constraint is:

E PSC)=Fp-Bp+H
t[EtVﬂt(l—) s)=Fe-Be+He

where Pg is the price index of the composite consumption good, B, is-the
household’'s net debt obligations and human wealth H, is the present value of
labor income:

@

s
He=Ee[ Y- ] (-1-—-—)W ]
: st V=t .
. Max1m121ng expected future dlscounted utilicy subJect to the
intertemporal budget constralnt yields the usual Euler equation:

Ct_'=Et[(1+rth+l)7/(1+p.)‘(Pt/Pt..;.l.)..Ct.tl] 4

Under logarithmic utility, which is assumed here, consumption is a constant
fraction of household wealth Ct=X(Ft+Ht-Btf. I adjust the time preference
rate so as to make sure that consumption always grows at a constant rate
equal to the steady state growth rate of output. For example, in the
infinite horizon case, p=(l+r)/(1+g8)-1. With adjustment costs, the solution
to the household’s optlmlzatlon problem is generally somewhat more complex.
For the spe01f1catlon above, the Euler equation becomes:

C£}+w)(1-?/ﬂ)-}cg?fl‘1/ﬂ)

“E¢{(L+rps1)2/(Lep)c i) (1—1/w? 1gre(l-l/m),

which defines the expected consumption growth rate as an AR(l) process-with
an autocorrelation coefficient equal to ¢(1- 1/w)/((1+w)(1 1/m)-1)=p. As in
the case of investment, the share of each good in the consumption composite
depends on relative prices:

w
cl=o1@S/P e,

w
cX-(1-wp)pS/p " %c,
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3. Market clearing

Under the standard small open economy assumptions, all prices are
given. With endogenous terms of trade, the model is closed by an export
demand function which relates exports to demand in the rest of the world and
terms of trade. Similarly, endogenizing the real interest rate involves
equalizing ‘saving and investment. The present calculations assume that
domestic and foreign bonds are perfect substitutes. With a perfectly fixed
exchange rate and perfect capital mobility, the economy faces a given world
market interest rate.

ITII. Some Simple Numerical Exercises

Deriving exact solutions under uncertainty for models of this kind is
typically only possible if one is willing to- make rather restrictive
assumptions with respect to the economy'’s underlying structure. In the case
of the household’s optimization problem, exact solutions are available only
for specific utility functions and specific assumptions about asset returns.
Similar restrictions apply to the firm's optimization problem. However, a
number of numerical solution methods exist which make it possible to find
approximate solutions when exact solutions are not available. 1/

The more advanced methods involves discretizing the random variable (if
it is not already discrete) in combination with value function iteration as
in Baxter, Crucini and Rouwenhorst (1990). Other options include Fair and
Taylor's (1983) extended path method or the linear-quadratic approximation
methods described in Christiano (1990). Each method has advantages as well
as disadvantages. The more advanced value function-grid methods conform
more closely with the spirit of the underlying model and are more exact than
methods based on approximate decision rules. However, they are also more
complicated and therefore more time consuming. Methods based on linear
approximations around a deterministic steady state solution require
insignificant amount of computing time as they do not involve any type of
iterative procedures but have on the other hand a greater potential for
errors.

Although the solutions to the optimization problems in the model are
generally different under uncertainty than under certainty, this may be of
no great consequence when it comes to the time series behavior of the model.

1l/ See Taylor and Uhlig (1990) for a comprehensive survey.



For this reason, and because it is computationally easier, I will work with
the deterministic version of the model. However, even in the deterministic
case, the model is too complex to allow for an explicit analytical solution
and can only be solved numerically. For this purpose, I rely on the
deterministic version of the extended path algorithm (see Appendix). While
the true model solution requires that expectations are based on the entire
probability density of the random variable €., this approach essentially
boils down to solving the model under the assumption that future values of
€7y are zero.

In order to study the time series behavior and variance properties of
the model, I proceed in two steps. Starting from the initial steady state,
I first examine the response of the model to a standardized unanticipated
shock in productivity, by definition equivalent to one standard error (i.e.
€7.=0 for ¢=0,2,3,...,T and equivalent to o,z for t=1). The second step is
to use the response pattern of the model to -derive for each variable a
moving average process in log differences with a set of weights normalized
to express the variable’s dynamic response relative to the underlying
productivity process. When this is done, the variance properties of each
variable can easily be derived. ‘

Because of the approximate nature of the solution obtained in the first
step, the model’s response pattern is to some extent particular to each
simulation experiment. Although the effects on the time series properties
of each variable. relative to the underlying productivity process are quite
small, the size of the shock considered in the first step is not entirely
unimportant for the results. - The significance of this problem depends on
the degree of nonlinearity of the underlying model. A simple way out is to
assume that €7¢ has a uniform and discrete distribution eZt=(aez,-a€Z)
where ¢,, is determined so that the response pattern of the model is
consistent with the standard deviation of the output growth rate in the
empirical data.

In calibrating the model, I take as my point of departure annual data
on six small European economies for the period 1971-90 (Figure 1 and Table
1). Rather than to use data from any particular country, I construct a
six-country average economy. The model is calibrated so that an initial -
steady state solution closely reproduces the average shares of private and
public consumption, investment, exports and imports in GDP in this
six-country average data set (Tables 2 and 3). -

I must also make a number of assumptions with respect to asset trade
and the composition of household assets. Under uncertainty, the household
must make two decisions, to determine the level of consumption and to
determine the composition of its wealth portfolio. In the present model,
the household can either invest in bonds, earning the risk-free real
. interest rate, or in equity capital, the return on which is uncertain.
Unless there are capital controls, an additional choice is between investing
in domestic or foreign capital. A complete treatment of the household’s



optimization problem thus requlres spec1fy1ng the probab111ty dlstrlbutlon
on domestic as well as foreign capltal

Ideally, decision rules for consumptlon and portfollo selection ‘should
both be derived expllcltly within the model. I will not attempt to do that
in this note. Instead, essentlally sidestepping the issue. of portfollo
selection, I will simply assume that only domestlc residents hold claims on
the economy's capital stock. In ‘addition, in the initial steady state, net
foreign assets are zero, 1mp1y1ng that domestlc demand equals output. These
assumptions are 1mportant since portfollo diversification can make household
wealth less sensitive to shocks 'to the domestic economy. One way to justify
these assumptions is to think about the capital ‘stock as a composite asset
whlch already 1ncorporates the opt1ma1 portfollo selectlon dec151on

To make the model solution consistent with the data, I have to
introduce a government sector. I do this in the’ 31mplest pOSSlble way,
ignoring government productlon employment and investment, as well as
assuming that government expenditures amount to a constant fraction of
output and that thé government budget is balanced at all times through
- lump-sum taxes. 1/ While these assumptions make it p0551b1e to work with
total-economy data, it is important to realize how they affect the results.
Even if consumers would be fully Ricardian and there would be no credit
market imperfections or tax distortions, different assumptions with respect
to the time series process for government expenditures have different
implications for honsehold wealth and thereby also for consumption.

Employing these procedures yields the following results. Consider
first the response pattern for a reference case thh infinite horizons and
exogenous terms of trade (all parameters as in Table 3). 'If product1v1ty is
described by an-autocorrelated process in first differences, the shock to
the present value' of household income is greater than ‘the shock to income
itself (Figure 2). As a result, the initial increase in consumption is
greater than that in income. If the shock would be temporary, the present
value of household income would be less affected, in which case the main
effect would be a rise in.the household saving rate. Although always likely
to increase more than consumptlon the same general conclusion also applies
to investment. 2/ ' o ' ) ' '

In the second step, I calculate the volatility of each variable
relative to that of output (Table 4). The calculations confirm the
conclusions from examining the model’s impulse response pattern. Investment
is the most volatile variable followed by consumption, employment and the

1/ In a more elaborate framework, the time series processes of government
taxes and expenditures could be estimated econometrically.

2/ Needless to say, all variables are naturally excessively correlated
with output. This would of course change if one would allow for
simultaneous shocks in other variables, for example terms of trade, the real
interest rate or employment. I '



capital stock. The volatility of consumption increases with the degree of
autocorrelation of the output growth rate and with the planning. horizon.
While not much higher than in the emplrlcal data for two of the countries in
the sample, the volatility of consumption seems somewhat too high,
particularly as the autocorrelation of the output growth rate roughly
matches what can be observed in the empirical data. Similarly, the
consumption growth rate is serially uncorrelated while the six-country
sample indicates that it ought ito be positlvely autocorrelated.

By ralslng the propenslty to consume out of wealth .as well as the rate
at which labor income is dlscounted finite horlzons dampen the initial
response of consumptlon relative to the infinite horizon case (Figure

3).'l/ 1In order to generate the degree of volatility observed in the
empirical data, the average horizon ought to be around 20 years. I also
considered the Campbell and Mankiw (1989) model where only a fraction of
households (permanent income consumers) base their spending decisions on
intertemporal optlmlzatlon with the rest setting consumption equal to their
current income (current income consumers). 2/ .To generate the observed
consumption Volat111ty, the share of permanent income consumers ought to be
around 80 percent, higher than Campbell and Mankiw’s estimate for the United
States and also higher than their estimates for the other major industrial
countries except for the Unlted Klngdom

Although finite horlzons ‘help in one d1men51on by making consumption
less volatile, the model stlll fails to produce a plausxble degree of serial
correlation. The fact that the growth rate of consumption expenditures is
positively correlated suggests that durability and adjustment costs are
important aspects of consumption behavior. 3/ While the tradltlonal route
around the problem with durable goods has been to focus on spending on
services and non-durables, the theoretlcally more appealing .approach is to
allow for different. degrees of durability. A strong argument can also be
made for considering adjustment costs. Shopping takes time and has
opportunity costs in terms of foregone leisure. In addition, households may

1

[y

1l/ The rate of time preference is adjusted to make it possible to
generate a steady state path according to which consumption grows in line
with output. .

2/ The income accrulng to the household sector (net of investment
expenditures,. government taxes and interest expenditures) is split into two
parts. One part goes to permanent income consumers who determine
consumption on the basis of intertemporal optimization. The other part goes
to current income consumers: Total consumption is then a weighted sum of
each group’s consumption.

3/ Serial correlation.may of course also simply reflect time averaging.
If the basic permanent income- life cycle model holds in continuous time,
then measured consumption is the time average of a random walk. In this
case, the change K in consumption will be serially correlated even if the
underlying model is accepted.




have a preference for steady consumption paths in which case the volatility
of consumption enters directly into the utility function.

In the simple case with no adjustment costs, consumption basically
follows a random walk with drift, implying that its rate of growth is
serially uncorrelated. In the general case with durable goods and
adjustment costs, the solution to the household’'s optimization problem
involves decision rules which make the expected level of consumption depend
not only on its level in the preceding period (as under the case with no
adjustment costs) but also on levels in earlier periods which implies that
the consumption growth rate. exhibits positive serial correlation. With such
a setup, the model can match both the volatility.and autocorrelation in the
empirical data reasonably well.

In addition to finite horizons, liquidity constraints and adjustment
costs, the response of consumption to shocks in productivity also depends on
to what extent such shocks lead to offsetting movements in interest rates or
relative prices. In order to investigate this idea, I let the price of the
domestic good be determined by market clearing and simulate the model under
different assumptions for the elasticity of substitution between domestic
and foreign goods. The parameters of the CES investment and consumption
composite good functions are assumed to be the same. I also assume the same
substitution elasticity in the rest of the world as in the domestic economy.
Further, in steady state, all variables, including demand in the rest of the
world, are assumed to grow at the same rate as output.

While changes in relative prices cause firms and households to
reallocate spending over time, the most important effect comes through
decreasing (or increasing in case of negative productivity shocks) spending
in each and every period (Figure 4). Not surprisingly, endogenous terms of
trade serve to reduce the volatility of both consumption and investment.
The volatility of consumption and investment increases with the elasticity
of substitution between domestic and foreign goods. Thus, to the extent
that offsetting terms of trade movements would seem a more realistic
possibility in large economies, one would expect such economies to be less
volatile than the typical small open economy which faces a close to
horizontal demand curve for its products. Given that endogenous terms of
trade fail to generate sufficient serial correlation in the consumption
growth rate and given the implications for the volatility of investment, an
explanation based on offsetting movements in relative prices does not appear
to be very appealing.

IV. Concluding Remarks

This note examines the volatility of consumption and other key macro
aggregates in a simple real business cycle model of a small open economy
subject to exogenous shocks in productivity. Investment and consumption
decisions are explicitly derived from intertemporal optimization. The




representative firm operates under perfect competition and takes all prices
as given. Economic agents can borrow freely from the rest of the world at a
given world interest.

If productivity is described by a positively autocorrelated process in
first differences, an assumption which seems to be supported by recent
empirical work, consumption is generadlly more volatile than output. The
degree of volatility of consumption relative to output depends, among other
things, on the representative household’s planning horizon and the extent to
which productivity shocks generate offsetting movements in relative prices.
With exogenous terms of trade and infinite planning horizons, the model
generates estimates of the relative volatility of consumption that are
typically well above what can be observed in empirical data. However, if
one allows for finite horizons, broadly to be interpreted as the result of
liquidity constraints, the model is able to come up with more reasonable
estimates.

Although finite horizons help in one dimension, by making consumption
less volatile, the model still fails to produce a plausible degree of serial
correlation. The fact that the growth rate of consumption expenditures is
positively autocorrelated suggests that durability and adjustment costs are
important aspects of consumption behavior. While the traditional route
around the problem with durable goods has been to focus on spending on
services and non-durables, the theoretically more appealing approach is to
allow for different degrees of durability. There is also a strong argument
for considering adjustment costs. With adjustment costs, the model performs
well on both dimensions.

Endogenous terms of trade serve to reduce the volatility of consumption
and investment. The volatility of both aggregates generally increases with
the elasticity of substitution between domestic and foreign goods. Thus, to
the extent that offsetting terms of trade movements would seem a more
realistic possibility in large economies, one would expect such economies to
be less volatile than the typical small open economy which faces a close to
horizontal demand curve for its products. However, given that endogenous
terms of trade fail to generate sufficient serial correlation in the
consumption growth rate and given the implications for the volatility of
investment, an explanation of the low degree of volatility of consumption
relative to output typically observed in empirical data based on offsetting
movements in relative prices does not appear to be very convincing.



Table 1. Volatility of Key Macroeconomic Aggregates 1/

Austria Belgium Denmark Finland Holland Sweden Average
Standard deviations of log differences
relative to GDP
Total
consumption 0.89 0.98 1.02 0.79 0.99 1.02 0.95
Private
consumption 1.09 1.05 1.42 1.00 1.15 1.44 1.18
Total
investment 2.65 3.21 4.74 2.55 3.04 3.14 3.24
Capital stock 0.87 0.44 0.74 0.45 0.61 0.51 0.60
Total
employment 0.56 0.48 0.62 0.65 0.73 0.58 0.60
First order autocorrelation of changes in logs 2/
Output 0.25 0.04 0.08 0.20 0.39 0.09 0.18
(0.21) : (0.22) (0.24) (0.23) (0.20) (0.20) (0.22)
Private
consumption 0.08 0.44 0.15 0.09 0.63 0.31 0.29
(0.24) (0.21) (0.23) (0.23) (0.15) (0.22) (0.21)

Source: Calculations based on the OECD Economic Outlook database,

1/ For 1971-90. Data on investment refers to gross fixed investment. Data on capital
to the business sector only.
2/ Standard deviations in parenthesis.

stock refers




Table 2. Data on Six European Countries--Averages for 1971-90
Austria| Belgium Denmark Finland Holland Sweden Average [ Model 1/
In percent of GDP
Private
consumption 57.6 66.2 55.8 55.7 59.2 55.1 58.1 57.5
Public consumption 18.1 17.1 24.9 19.5 17.8 26.7 20.7 20.0
Gross fixed
investment 25.4 18.5 20.1 25.9 21.6 19.7 21.9 22.5
Private fixed
investment 21.1 15.5 17.0 22.6 18.3 16.7 18.6
Public fixed
investment 4.3 3.0 3.1 3.2 3.3 3.0 3.3
Exports of goods
and services 35.7 67.0 34.1 27.5 55.5 32.2 42.0 40.0
Imports of goods
and services 36.7 69.2 35.2 29.2 54.1 33.6 43.0 40.0
Business sector
capital stock 214.5 195.4 223.4 251.8 183.0 212.0 213.3
In percent

GDP growth rate 2.9 2.6 2.1 3.3 2.3 1.9 2.5 2.5
Standard deviation
of GDP growth rate 1.9 2.0 2.1 2.1 1.7 1.4 1.9 1.9
Return to capital
in business sector 11.5 12.5 10.0 10.0 14.7 9.7 11.4
Share of capital in
business sector
value added 32.5 32.5 32.9 33.5 33.8 30.3 32.6

Source:

1/ Initial steady state values.

Calculations based on OECD Economic Outlook database.
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Table 3. Key Parameters for the Reference Case
o’ 0.3 Share of capital in output
B 0.025 Average growth rate
71 1.5 First order autocorrelation of productivity
Y2 -0.5 Second order autocorrelation of productivity
$1 0.7 First order autocorrelation of employment
$o 0.0 Second order autocorrelation of employmen
o 0.05 Depreciation rate -
] 1.5 Adjustment cost factor
61 0.4 Investment composite share parameter
b9 1.0 Investment composite substitution parameter
A 1.0 Household time horizon factor
X 0.025 Propensity to consume out of wealth
n 1.0 Intertemporal substitution elasticity
wy 0.4 Consumption composite share parameter.
wy 1.0 Consumption composite substitution parameter
9y 0.0185 Standard deviation of output growth rate
r 0.05 Real interest rate




- 16 -

Table 4. Time Series Properties and Volatility of Simulated Data 1/

v1=1.25 | y1=1.50 " | yi=1.75

Standard deviations of .log
" differences
relative to output

Consumption

p=0.00

A=1.00 [ 102 1.4 2.30

2=0.95 ) S ‘ 1.22 co

A=0.90 . . . 1.09

A=1.00

p=0.10 .. 1.30

p=0.20 . : o ‘ 1.18

p=0.30 1.06

20 percent current income

consumers A=1.00 p=0.00 1.18 -
Investment 2.39 3.15 4,21
Capital stock 0.31 0.43 0.67
Employment 0.62 0.60 0.50

First order autocorrelation of
changes in logs 2/

Qutput 0.07 0.25 0.57
(0.01) (0.01) (0.01)
Consumption A=1.00 p=0.00 -0.01 -0.00 0.00
(06.01) (0.01) (0.01)

1/ Rate of time preference adjusted to make model solution
consistent with steady state path according to which consumption
grows at the same rate as output. All other parameters as in
reference case except as indicated.

2/ Least squares regressions based on 5000 observations.
Standard deviations in parentheses.
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Figure 2
Response to Productivity Shocks
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' Figure 3
Consumption with Finite Horizons

(Percent differences relative to reference case
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Figure 4
Productivity Shocks with Endogenous Terms of Trade
{(Relative to initial steady state path)
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Appendix _on Solution Procedures_and Derivation of Variances

Models based on intertemporal optimization can generally not be solved
analytically. The basic problem is that some endogenous variables, like for
example the shadow price of capital g, are conditioned on the entire future
path of all variables in the model. There is also a number of predetermined
variables like the capital stock K which depend on the past history of the
forward-looking variables. While the initial wvalues of the backward-looking
variables are known, all that can be done initially with respect to the
forward-looking variables is to impose certain terminal conditions. This
poses a problem usually referred to as a two-point boundary value problem.

In the present model, the main problem is to find the exact path for
the capital stock and the shadow price of capital consistent with optimizing
the firm's objective function. Once this problem has been solved, the rest
of the model can be solved recursively. The solution to the firm’s decision
problem is characterized by saddle-point instability. Initially small
deviations from the optimal path result in a sequence that eventually
diverges away from steady state. It can be shown, however, that a certain
path for the shadow price of capital results in an optimal path for the
capital stock which gradually approaches steady state. This path can only
be approximated through iteration. The extended path method by Fair and
Taylor (1983) has proved to be very useful in this regard. 1/ The basic
steps involved in solving the model can be described as follows.

1. The first step is to calculate a steady state growth path solution which
can be used to define terminal conditions for the forward-looking variables.
Such a solution requires that all real variables grow at the same rate as
the exogenous growth in productivity and that all relative prices are
constant. Imposing these conditions yields a steady state value for the
shadow price of capital qg. With endogenous'terms of trade, the steady
state price of capital must be determined simultaneously with the price of
output. It is difficult to do this analytically. However, the model can be
iterated to yield a combination of the two prices consistent with a steady
state growth path. 2/

1/ While the expanded path method remains popular, the increased demand
for numerical solution methods for non-linear rational expectations models
has stimulated rapid growth in alternative solution techniques. For a
recent survey, see Taylor and Uhlig (1990).

2/ The model can be solved both with exogenous and endogenous terms of
trade., The steps taken to solve the model are basically the same. However,
with endogenous terms of trade, the price of the domestic good is determined
by market-clearing. Generally, the market-clearing price can only be
calculated through iteration. This makes the solution procedure somewhat
more complicated and therefore more time-consuming than in the simple case
with exogenous terms of trade.
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2. The second step is to choose a terminal period T. The terminal period
must be chosen so as to allow the model to be solved a sufficient number of
periods beyond the actual simulation period. Guess an initial path
i=q¢,9¢415---,9r and assume that gr=qg. This yields a starting point for
further iterations.

3. The third step is to solve the model in each period using the initial
path and the starting values of all predetermined variables. With
endogenous terms of trade, this includes finding the price which clears the
market for the domestic good in each period. As already noted, this is by
itself not an entirely straightforward exercise as it involves finding the
market-clearing price through iteration.

4. Using the initial path to represent the expected next-period value of
the shadow price of capital in each period, the fourth step is to calculate
a new path i+l=q,,qt41,...,9r which replaces the old path and is used to
represent expectations in the next iteration. Go back to the previous step
and iterate until the difference between any two estimates for the same
period of two consecutive iterations is sufficiently.small to meet a
convergence criterion.

5. The fifth step is to choose a new terminal period T'>T and repeat the
third and fourth steps until convergence is reached for the new extended
simulation period. The solution period is extended until the difference
between any two estimates for the same period of two consecutive solutions
for the original solution period 0-T is small enough to meet a convergence
criterion.

After a solution has been found, deriving the variance properties of
each variable is simple. This involves calculating a set of moving average
welghts which describes each variable’'s dynamic response pattern in log
differences relative to the underlying productivity process. For example,
the variance of the change in productivity AZ,=1nZ,-1nZ,_ 1 is given by:

2 2 2 2,2
UAZ=(1+MAZ.1+MAZZ+' . +MAZT)O€AZ

where MAz;,MAz5,...,MAzr are the moving average coefficients and OEAZ=U§Z is
the variance error of AZ. Since the model can only be solved approximately,
the weights are to some extent dependent on the size of the original shock.
The size of the original shock s£y.=0.7 is therefore determined so that the
transformed system of moving average weights reproduces the standard
deviation of the output growth rate in the empirical data.
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