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negative correlation between net exports and GNP if the variance of consumption exceeds that of output. In
the United States it does not, so this class of models cannot explain observed comovements between output
and trade. We then examine government spending and nontraded goods as potential remedies, but show that
their behavior is either inconsistent with the data or can be made consistent with any pattern of comovements.
The most promising model introduces production and capital formation. Fluctuations are driven by country-
specific productivity shocks, in which high productivity domestically leads to high domestic investment and
a deficit in the balance of trade. This theory also receives support from the large negative covariance between
net exports and investment in American data.
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1. Introduction

What determines the dynamic behavior, particularly at high frequencies, of the balance of
trade? We suggest that fluctuations in investment, driven by country-specific productivity shocks,
may be the answer. The idea has much of the flavor of Sachs (1981). Our analysis, however, has
more in common with the dynamic competitive models described by Lucas, Prescott, and Stokey
(1986) and used in open economy macroeconomics by, among many others, Helpman and Razin
(1982, 1984, 1985), Stockman and Svensson (1985), and Kehoe (1986). Unlike some of these
papers we consider only real models. We also restrict ourselves, for the most part, to models with
a single good per period. This eliminates the intratemporal relative prices so dear to international
economists, but has the great advantage of focusing our attention on intertemporal decisions.

Our theoretical world is a dynamic economy with many consumers and production tech-
niques. A country is a utility function, a production technique, and some claims on the world’s
resources. Allocations of goods and factors are determined in competitive equilibrium. We make
repeated use of the equivalence between Pareto optima and competitive equilibria in these economies
and derive equilibria as solutions to planning problems.

We build toward the investment/productivity hypothesis gradually. Section 2 reports high-
frequency comovements between net exports and components of GDP in the United States over the
past 30 years. Net exports, somewhat to our surprise, is quite strongly inversely correlated with
GDP. This correlation is reflected in both consumption and investment, but since the latter is
considerably more variable its covariance with net exports is larger. Section 3 considers exchange
economies, in which countries trade to smooth idiosyncratic fluctuations in their endowments. We
point out that since consumption is less volatile than output in American data, these models cannot
mimic observed comovements of consumption, output, and net exports. We use this section to

explore the sources of this empirical difficulty and to develop the use of planning problems in




deriving competitive equilibria. We also point out that models driven by different rates of time
preference are low-frequency models: they explain trends in consumption and net exports, but not
high-frequency fluctuations.

Sections 4 and 5 examine government finance and nontraded goods as potential factors
explaining trade balances. We show that government purchases of goods and services have been
virtually independent of net exports over the postwar period. Government deficits save been
correlated slightly with net exports, primarily because tax revenues are strongly procyclical. Models
with nontraded goods suffer from the same defect as other exchange models: they cannot generate
negative comovements between output and net exports when consumption is less variable than output.
We also show that by choosing the stochastic specification of the endowment of nontraded goods
appropriately, we can generate any pattern of comovements between output and trade. Without
separate data on traded and nontraded goods, the theory lacks empirical content.

Investment is introduced in Section 6. Countries are associated with production functions
which transform current output into future output using “capital.” These functions are subjected to
shocks in productivity that vary stochastically over time. We argue, largely by example, that per-
sistent productivity shocks can produce the large fluctuations in investment and negative comove-
ments between output and net exports apparent in American data. The theory requires very concave
utility functions and not so concave production functions. The difficulty of obtaining analytical
solutions in these models is a strong argument for numerical simulation along Kydland and Prescott

(1982) lines.

2. The Cyclical Behavior of Trade in the United States

We report in Table 1 a number of statistics describing cyclical movements of the components

of GDP and other variables in the United States over the last 30 years. Each series has been




detrended with the Hodrick and Prescott (1978) high-pass filter. Most of the table replicates the
salient features of business cycles familiar to readers of Hodrick and Prescott (1978), Kydland and
Prescott (1982, Table 3), and Prescott (1983, Table 1; 1986, Table 1): investment is two to three
times more volatile, in percentage terms, than output and consumption of nondurables and services
1s about half as volatile. Both investment and consumption are strongly autocorrelated and covary
positively with output.

More interesting for our purposes is the strong negative correlation between net exports and
output evident in Table 1 and Figure 1. Relative to trend, the United States has consistently run
deficits in booms, surpluses in recessions (imports vs. exports). The pattern appears in both exports
and imports individually, but imports are more strongly correlated than exports with output. The
contemporaneous correlation of net exports with components of GDP (see Table 2) appears most
strongly in consumption and investment. Government purchases of goods and services are virtually
uncorrelated with net exports, but the federal government deficit, which includes taxes and transfers,
is quite strongly correlated with trade deficits. Most of this correlation arises from the revenue side

of the governments financial statement.

3. Trade Dynamics in Exchange Economies

We start with exchange economies in which trade is generated by differences in endowments
across countries. The essential ingredient is the smoothing associated with convex preferences:
consumers, whom we refer to as countries, attempt to smooth their consumption streams over time
and across states of nature by importing when their endowments are low and exporting when they
are high. The concept is widely used in economic theory and has a great deal of empirical support.
The suggestion that the trade surplus covaries positively with output, however, is contradicted, at

least at high frequencies, by the evidence of the previous section. We present a series of models,



lustrated by examples, to explain the source of this empirical difficulty and suggest possible
remedies. We argue that one popular model is best viewed as an explanation for low-frequency
movements and has the same implications for high frequencies as those suggested by the smoothing
argument.

In our economics countries trade a single good whose quantity varies stochastically over time
and across states. Country i(i = 1,2,...,1) is endowed with y;‘l units of the good in state s at date t.
The aggregate endowment is Y,, = Ii_,y,,. We assume that states are independently and identically
distributed over time with probabilities (s = 0,1,...,s,Zr, = 1). Because of this we need only index
equilibrium quantities and prices by the current state, and not by the entire history of states.
Accordingly we denote consumption quantities by c!, and prices by p . Independence also suggests
a natural distinction between high and low-frequency fluctuations, as we shall see shortly. Countries’

preferences are characterized by utility functions that are additively-separable over time:

G U = ):{Ewu(uw }

t=0 b

with u; increasing and strictly concave in its first argument. The utility functions satisfy the Inada
conditions,

lim ul(c,t) = oo
o=

lim uj(c,t) = 0

o0
for each t, where u] denotes the derivative with respect to the first argument. With this structure
and complete markets in dated, state-contingent claims, any competitive equilibrium will specify ¢!,
and (obviously) y!, as functions of s and t. We interpret dependence on s as high-frequency

movements, analogous to those examined in Tables 1 and 2, and dependence on t as trend.




We now have more than enough structure to say something about the covariance of net

exports with domestic output. Net exports in this economy is defined by
HXLL = }Jll - C_i‘[.

Given t, all three quantities are random variables dependent on s. The covariance between high-

frequency movements in net exports and output can be decomposed into
(3.2) cov(nx'y') = var(y'—c',y") = var(y') — cov(c'y).

(The notation is intended to suggest variation in nx', y', and ¢' due to s for given t.) A sufficient
condition for this covariance to be positive is that the variance of output exceed that of consumption.
This condition holds for the United States so the model’s prediction is falsified by the data. We state
this result now to emphasize that it arises largely from the definition of net exports in an exchange
economy, and does not depend on any special features built into the models to follow.

The following proposition characterizes prices and quantities in a competitive equilibrium

under fairly general conditions:

PROPOSITION 1 (Equilibrium in exchange economies). In the exchange economy with additively
separable preferences, a competitive equilibrium is characterized by functions g,, one for each

country, and h such that

M e = gilYouhD

(i)  pg, = wh(Y A0

for some choice of “welfare weights” N € {(\,....A)|\; > 0, E\, = 1}, and where h and each g
is increasing in its first argument. Furthermore, if u,(c,t) = B'y;(c), so that each country discounts
the future at the same rate, then the functions g; do not depend on t and h can be factored into

h(Y,\.0) = Bh'(Y.N).




The proposition is similar to Breeden and Litzenberger’s (1978, Theorem 1). Our proof
exploits the equivalence between competitive equilibria and Pareto optima in this economy. Any

optimum can be computed as the solution to a planning problem of the form

max W = Y AU,
{Ui.|} i

subject to the resource constraints

Yo, <Y, foralls,t
i

Conversely, any competitive equilibrium corresponds to an optimum for some choice of . If we

denote the Lagrange multipliers on the constraints by p,,, then the first order conditions are
Nwui(cl 0 = p,, foralli, s, t

where u; denotes the derivative of u;, with respect to its first argument. This implies that
Aui(cl .t = pg/

is, for any s and t, the same for each country i. As we raise p, /m,, concavity of u, implies that c!
falls for each country i. In equilibrium aggregate consumption is constrained by the aggregate
endowment, so consumption by each country is increasing, and p, /=, is decreasing, in the aggregate
endowment. This functional dependence involves, in general, A and t as stated in the proposition.

With constant and equal discounting the first order conditions imply
Aiu;(c.f:,l) = ps,t"‘(wsﬁl)

so the allocation functions, g;, do not depend on time and the pricing function can be expressed

h(Y. A1) = h'(Y.NB. O




A direct consequence of Proposition 1 is that the stochastic behavior of trade is driven by the
covariance between domestic and world output. From (3.2) we see that the covariance between net
exports and domestic output, for example, depends on cov(c.y'), which we can write as
cov[g,(Y,A,1),y']. For any particular equilibrium (hence any particular \) and date t, this covariance
is determined by the relation between Y and y'. Since g, is increasing in y, the covariance is positive
if Y and y' are positively correlated. An extremely strong positive correlation may make this term
large enough cov(nx'.y") to be negative.

The model also implies that consumption in one country is deterministically related to
consumption in any other, since each is a monotonic function of the aggregate endowment. We show
in Section 6 that a similar property holds for production economies. Example 3.4 illustrates a
method of loosening this ink.

Our first two examples provide concrete illustrations of the proposition. In the first,
countries have identical homothetic preferences so the solution takes a particularly simple form. The
second has neither identical countries nor homothetic preferences, but retains the linear relation

between domestic consumption and world output.

Example 3.1. Let ufc,t)y = B¢ *—1)/(1—a), « > 0, for all i. Then

e, =XV

5,1

and

pS.l = 7{36‘ Y I c\rs

where N{ = A/*/Z\[*. We can generate a negative covariance between nx' and y' if cov(c',y’) =
Al cov(Y,y') is large enough relative to var y'. An example is var y' = 2, var Y = 5,
cov(Y,y") = 3, and N} = 3/4. Then cov(nx',y') = —1/4. But note also that var ¢' = 45/16 >

var y'.



All of this applies to any Pareto optimum. To find the solution associated with a particular
distribution of wealth we use countries’ budget constraints to determine the relevant choice of A.

The constraint for country i is
E pc.tc.:'.t . Z ps,:}’,i.z & p{}.{lb(l!
g1 8.t

where by is country i’s net claims on the rest of the world at date 0, measured in units of the date-0-
state-0 commodity. Obviously, b, = 0. This constraint, together with the allocation and pricing
functions, implies

Es_l WSB{}’LI + }’;.fzxpu,nbél
Y, mBY"

k’.“ =

It should be clear that by varying {b)} we can support any optimal allocation (choice of \*) as a
competitive equilibrium.  With logarithmic preferences (o« = 1) the relation is particularly

transparent:

No=N=Y 7y /Y + (L=B)py b

s

With b; = 0 country 1's welfare weight is just its average share of the world endowment.

Example 3.2. Let ufc,t) = 6‘[—05' exp(l —ea;c)]. Then an optimum is described by

/%)
I

L =ad'Y, — E a; ! log N

j#i

Il

ps,l WSBL exp[_amYs,t] rikih

where o* = [Lia;']"'. The qualitative features are the same as Example 1.

We now turn to models in which the time dependence of utility takes the form of discounting,
but allow discount factors to differ across countries. The case of different discount factors has been
used in the international finance literature by Helpman and Razin (1982, 1984, 1985), Frenkel and

Razin (1985), and others in a variety of contexts. Our view is that while these models may explain




long term trends in consumption, net exports, and so on, they do not explain the high-frequency
comovements that we are interested in. Proposition 2 describes a well-known feature of these models

relevant to this discussion.

PROPOSITION 2 (Equilibrium with different discount factors). Consider the exchange economy with
preferences
o -
U=Y8lY rnucyl, 0<p <1
t=0 s
for each country i, where u, is increasing and strictly concave and satisfies the Inada conditions. Let

[" be the set of countries with maximal discount factors:

I" = {1|B, = max(ﬁ]sﬁﬂ?"'!ﬁ])}'

Then for any i not in I', lim_,g'(y,\,t) = 0.

The point of this proposition is that different discount factors induce frends in consumption
paths that can be used to explain long-run or low-frequency comovements between consumption and
net exports. In a typical example, an impatient country (that is, one with low ) will initially
consume more than its endowment, on average, but net exports gradually rise and converge to
domestic output. We can think of this as an extreme version of the persistent, low-frequency
movements in the trade balance apparent in long time series. The United States, for example, ran
deficits for most of the 19th century.

The proof is direct. With discounting the first-order conditions for the planning problem

imply
}\16:11;(0:1) = ps‘z‘/'ﬁ-s

for all countries i. Since aggregate income has the same distribution at every date, any country with

less-than-maximal 8 must have marginal utility increasing to maintain equality of \8u;(c!,) across
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countries. The Inada conditions guarantee that as marginal utility rises consumption falls, reaching

zero in the limit.

Example 3.3. Let u(c,t) = B} log c. Then an equilibrium allocation is

chy = {m;@ hiﬁ_é}vs_l
4

with prices

Pst = [2 }‘i[g:] £ o
1

The mean of consumption across states is a declining fraction of the mean world endowment for any
country with less-than-maximal discount factor. The same is true for mean net exports. With
logarithmic preferences variations about this deterministic trend are the same as the identical discount
factor case.

Of course a similar mechanism can be used o generate high-frequency movements in trade.
The following example illustrates this for the case of logarithmic preferences. It also suggests a
method of eliminating the deterministic relation between consumption in different countries that

characterized our previous models.

Example 3.4. Letugc! ) = 80! log ¢!, where 6! depends on the state and is, like s, independently
and identically distributed over time. Note that this can be given an interpretation as a random

discount factor. The equilibrium is

¢, = {xie';@ 7\).9_1} Y,
1

Il

p.\'.l

B { Y )\iﬁi} Y.,
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Consider, for example, a world with two countries and two states parameterized as follows:

state(s) w, Yo, Yo Yo O 6,
{12 4a D=a 3 1#h 1<
2 1/2 1-a 1+a 2 1-b 1+b

with 0 < a, b < 1. The solution with A; = \, = 1/2 includes
state(s) cq o thy,

1 I+b I—-b a—b:
2 I-b 1+b b—a

so var y! = a’, var ¢! = b%, and cov(nx',y') = a(a—b), which is negative if and only if var x' <
var c!.
This device can also be used to generate idiosyncratic fluctuations in consumption in more

complex models. We consider the point made, and move on to other issues.

4. Government Deficits and Trade Deficits

In the last few years it has been common to attribute trade deficits to government deficits.
The idea was given some credence by the strong positive correlation between these deficits in the
United States during the 1980’s, but it remains an open question whether fiscal policy has been the
major force behind high-frequency movements in the trade deficit in the postwar period as a whole.
In this section we examine the predictions of theory and compare these with American data.

We utilize a variant of the exchange economy in which government spending and taxes for
country i are given by exogenous processes {g! .} and {7}, respectively. The budget deficit of

country i follows {d; .} where

(5.1 d;s = g:s - Ti'

b o




The comovements of interest concern trade deficits, nm' = —nx', and budget deficits, d'. In what
follows we assume, for simplicity only, that the period utility function is separable between private
and government consumption, so that the marginal utility of private consumption does not depend
on g.

We consider two polar cases. In the first, taxes are constant and variations in government
deficits are driven solely by variations in spending. The covariance between trade deficits and
government deficits reduces to cov(nm',g'). We can easily imagine circumstances in which this
covariance is positive. For example, with equal discounting and no aggregate uncertainty (in the
sense that Y, — G, is constant), Proposition | implies that each country’s consumption is constant

and
cov(nm',d) = var g' — cov(y',g).

Then if government spending is procyclical (or at least not too strongly countercyclical), the
covariance between trade deficits and government deficits will be positive.

However, even a casual glance at the data makes it clear that variations in government
spending are not behind this positive correlation. Indeed, in the same period in which trade deficits
and budget deficits show a strong positive correlation, trade deficits and government purchases of
goods and services show almost no correlation. In the data it appears that the correlation between
trade deficits and budget deficits are due almost entirely to variations in tax revenues and in transfer
payments included in federal government expenditures. This is a reflection of the fact that both tax
revenues and net exports covary highly with output, and hence with each other.

In the second polar case we hold g constant and contemplate fluctuations in taxes. We show

that while it is easy to build a model consistent with the hypothesis that government deficits are
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driven by variations in tax revenues, and in which these deficits covary positively with trade deficits,

it is not clear what to make of it. Indeed, in our model can rationalize any correlation.

PROPOSITION 3 (The correlation between trade deficits and tax-driven government deficits is arbitrary
and irrelevant). For given stochastic processes on endowments and government spending there exist

stochastic processes for taxes that

(1)  yield any desired correlation between trade deficits and budget deficits and

(i)  leave equilibrium consumption allocations and prices unchanged.

This proposition follows directly from the Ricardian Neutrality Theorem (see, for example, Sargent
1986). Since the equilibrium consumption allocations and prices are independent of the time path
of taxes, this path can always be chosen to give the required correlation. Of course, this path is not
completely arbitrary since it must satisfy the government’s intertemporal budget constraint. How-
ever, given an arbitrary process for taxes that vields the desired correlation we can always adjust its

mean to satisfy the intertemporal budget constraint without affecting the correlation.

5. Dynamics With Nontraded Goods

A second variant of the exchange economy includes nontraded goods. Since fluctuations in
endowments of nontraded goods are not diversible across countries, they give us an extra degree of
freedom in generating comovements among net exports, output, and government deficits. We shall
see that there is a sense in which they give us too much freedom.

For this section let {y+, } and {yx, } denote the endowments of traded and nontraded goods
of country i’s residents. Let {cf,} and {cy,} denote consumption of these goods and {q! } the
relative price of traded to nontraded goods. Assume, for simplicity only, that the period utility

function is separable between these goods so that
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(5.1)  uyleneng) = ilers) + ui(ey .

Before discussing correlations we must define net exports and output for this multigood
economy. In any equilibrium the consumption of nontraded goods in each country is equal to the
endowment of these goods: that is, ¢y, = Yns, for all i, s, t. Thus net exports are given by {nx! }

where
(5.2) mxi, = yh, — ch.

As for output, let q;, denote the price of traded to nontraded goods at time 0, state 0, and define

output of country i to be {y! } where

(5.3) ¥oi = Yoo + QoY

With these definitions the covariance between net exports and output becomes
(5.4) cov(nx',y') = var(yl) — cov(ct,yh) — qi, covict.y).

The sense in which adding nontraded goods gives us too much freedom in generating net-

export-output comovements is made precise in the following proposition.

PROPOSITION 4 (With nontraded goods the correlation between net exports and output is arbitrary).
Given (5.1) and any nontrivial set of stochastic processes for traded goods, there exist stochastic
processes for nontraded goods that rationalize any correlation between net exports and output. The
proof is straightforward. With additive separability in utility the allocation of traded goods is
independent of the time path of nontraded goods. If we fix the path of traded good endowments we
also fix the path of traded good consumption, but we are completely free to choose the path of

nontraded goods. By choosing this path appropriately we can control cov(cy,yy) without affecting

the other terms in (5.4). Thus we can choose cov(nx',y') arbitrarily.




15

Introducing nontraded goods also adds a degree of freedom in explaining trade-deficit-budget-
deficit comovements. Let {gf, }. {gx.}s {71}, {7} denote country i’s spending and taxes in

traded and nontraded goods. Net exports is given by {nx! }, where
(5.5) nxl,t = Y‘:i‘s,l - C“:‘s.t - g'il's‘l'
Net imports, nm!,, is just the negative of this. The government deficit is defined to be

(5.6) dl1 - (g‘}‘s,lw'f‘i‘s,l} + q{il.{}(g]ilsj_!ii's‘t)

and real government spending is defined to be {g! }, where

(57} gi\ = gllt\ o q(i].{}gllls,t'

In the previous section we saw that with procyclical spending and no aggregate uncertainty.
spending-driven government deficits were positively correlated with trade deficits. Here, this need
not be the case. Consider the case of equal discount factors. a constant endowment of traded goods,
net of government spending in traded goods, and constant taxes. By Proposition 1 the consumption

of traded goods is constant and the covariance between trade deficits and budget deficits is
(5.8) cov(nm',d") = var(gh) — cov(yh.gl) — qi, cov(yt.gh).

Notice that endowments of nontraded goods play no role in this expression, although they do in
(5.3). Therefore even if total government spending covaries positively with total output we can
always choose the composition of output and government spending so that this covariance is anything
we want. With respect to tax-driven deficits it is obvious that a result similar to Proposition 3 will
hold here also.

These examples point out that adding nontraded goods give us more freedom in generating
equilibrium comovements between net exports, output, and government spending. Kehoe (1986,

ch. 3) makes the same point with regard to net exports and relative prices. In a sense, however,
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theories relying on nontraded goods lack empirical content: in the absence of separate data for

traded and nontraded goods any pattern of aggregate comovements can be rationalized.

6. Trade and Investment

We think the most promising explanation for trade dynamics at business cycle frequencies
lies in the behavior of investment. Investment is both highly variable and strongly correlated with
output, so it is certainly the leading symptom, if not the underlying cause of the comovements of net
exports and domestic production. We can make this argument more precise using the numbers in

Table 1. The covariance between net exports and output decomposes into
cov(nx,y) = cov(y—c—z—g,y) = var y — cov(c,y) — cov(z,y) — cov(g,y)

where z is gross investment. The variance of output is about 1.8 percent. The covariance between

consumption and output, expressed as a percentage of output, is approximately

(0.54)(0.78)(1.1)(2.1) = 0.97.

0.54 the average share of consumption in output, (0.78 is the correlation of c and y, and 1.1 and 2.1

are the standard deviations of ¢ and y in percentage terms). Similarly,
cov(z,y) = (0.17)(0.90)(9.6)(2.1) = 3.08

which is clearly much more important quantitatively. Since the final component, government spend-
ing, is only slightly correlated with output at business cycle frequencies, investment is the obvious
suspect in the mystery of high-frequency trade dynamics.

Building a model with investment-driven trade dynamics is not, however, as straightforward
as it may seem. We start with a fairly general framework, like that of Section 3, but with the
addition of production and capital formation. We then illustrate important quantitative elements with

three examples. In all of these models, fluctuations in output and investment are driven by country-
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specific productivity shocks, which raise both output and the marginal product of capital. In
Examples 6.1 and 6.2 positive productivity shocks are associated with higher domestic output and,
if shocks are correlated across countries, higher world output. Consumption smoothing leads to
increased current investment so that the benefits of the current shock can be spread over future
periods. The extent of this smoothing—and the volatility of investment—depends on the curvature
of the utility and production functions (the desirability and feasibility of smoothing). We show,
however, that if shocks are independent over time this mechanism is unlikely to produce large
enough fluctuations in investment to make net exports covary negatively with output. Example 6.3
emphasizes persistence. With persistent shock increases in current productivity signal increases in
the future productivity of capital and lead to increases in domestic investment whether or not shocks
are correlated across countries. We show in a parametric example of a small economy that high
degrees of persistence and less concave production functions lead to large fluctuations in investment,
and therefore provide a potential explanation for the dynamics of trade.

Our framework has the following elements. Preferences are as described in Section 3. We
assume that consumers in each country discount utility at the same rate, but their period utility

functions may differ. With identical discount factors we can define the welfare function

]

6.1) W =E; Y BwcN

where w(c,\) = LAu(c'). Technologies may also differ across countries, with gross output

(including capital left from the previous period) given by
(6.2) v, = fitki.6;)

where 6, is a country-specific productivity shock and k! is the capital stock. We think of the

dependence of technology on i as arising at least partly from country-specific fixed factors like labor




18

and land. As in Brock and Mirman (1972) and Brock (1982), the production functions are assumed

to satisfy the conditions:
£(0,6) = 0
fi(k,0) is increasing and concave in k;

ofi(k,0)/dk is increasing in

lim af(k,0)/0k = oo

k—=oo

lim ofi(k,6)/0k < 1

]
for all i and all permissible values of # and k. The productivity shocks, 6, = (6,,...,0,), are jointly
Markov, with conditional distribution function F(8,,,|6).

The timing of decisions and information revelation follows the notation. At date t the social
planner chooses consumption, ¢!, and next periods capital stocks, ki, ,, given knowledge of the

current productivity shocks, ¢,. These decisions are constrained by the gross aggregate output:
(6.3) E [ci+k, 1 =Y, = 2 f.(k.,8,)

which embodies the assumption that investment is reversible.

We now have all the ingredients of a planning problem. At each date t the state is sum-
marized by s = (Y,,6). We will consider decision rules that specify allocations across consumers
and capital goods as stationary functions of this state. Under standard assumptions there exists a
unique value function and associated decision rules. Some of the features of these rules are given

in the following proposition:

PROPOSITION 5 (Equilibrium in production economies). In the world economy described by (6.1,

6.2, 6.3) and associated conditions, equilibrium allocations are given by the functions
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(1) Ci = gi(Y,.6)

)y B, =h(Y.0), i=12 .1

satistying E{g,(v.0) + h(Y.0)} = Y, for all Y and 6. Each of these functions is increasing in Y,
as is g(Y,0) = Zg,(Y.0). We solve the problem in two stages. In the first we choose capital stocks,
k!, ,. and aggregate consumption, C, = ¢! in the second we allocate aggregate consumption across

countries. Take the second stage first. Define

v(C) = max E Aui(c)
{c'} i

subject to

E e ad
The argument used in Proposition 1 makes it clear that the solution is characterized by functions g
such that ¢' = g(C) and £g;(C) = C. Furthermore, each g; is increasing and, given the Inada
conditions, has the property g;(0) = 0. Hence v(C) = IAu,(g/(C)) is increasing and concave in C
and satisfies the Inada conditions

lim v'(C) = oo
C—l

lim v(C) = 0.

C-ro0
In essence, linearity of the resource constraint (6.3) fixes the relative prices of the ¢'s so they can
be aggregated into a single commodity as suggested by Hicks.

The first stage involves the choice between consumption and investment, and between
investment in different countries. Substituting C, = Y, — Ekl,, we can write the optimization

problem in terms of the value functions, v(Y,6):

max V[Yl"z: kiH] + BJV |:E fi(k:_*_?.6'!_*_1),9[_‘_]:| F(do, ., |0).

%141}
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The first-order conditions determine k!,,. Our question, however, is how these k’s vary with Y.
The only part of the first order conditions that depends on y directly is v[Y,—Xk!,,]. Since v is
concave, the opportunity cost of raising k!, falls with Y, and since the benefits are not affected,
ki,, rises. In short, ki, is an increasing function of Y, as stated. We know that for this kind of

i

problem the value function is concave in y, and since
Vy(Y.0) = av[g(Y.0))/aY

aggregate consumption must be increasing in Y. Clearly consumption of each country will be
increasing in Y as well.

For our purposes, the importance of this proposition lies in what has been left out. We need
more than the qualitative monotonicity properties emphasized in the properties. Without more
structure we cannot make the quantitative statements demanded by our mission. We need in
particular more information about the curvature of utility functions and production functions and
persistence of the productivity shocks.

Consider our problem of designing a model capable of generating negative comovements

between output and net exports. Net exports is defined as production minus absorption:
nx! = f(k,0,) — [ci—ki,].

Output is less obvious. In one interpretation we assume, contrary to fact, that capital depreciates
completely in one period, so that investment, z), is just next period’s capital stock, k!,,. With this

convention the relevant comovement is measured by

(6.4) cov(nxl,y) = covlyl — (ci+kl.)), yl]

= var y; — cov{gy(Y,.0) + h(Y,.0). filh(Y,_,.0,)). 6,1}




21

where the covariance is computed using the equilibrium distribution of {Y.6,}. Of particular interest
is the role of persistence in Y, in the second term, but without more structure it is difficult to say
more than this.

A second interpretation is based on partial depreciation. In this case gross domestic pro-

duction 1s
h = fik,0,) — (1-8)k|

where § is the depreciation rate. The practical effect of this change is to introduce additional
correlations between decisions made in adjacent periods. Again, it seems doubtful that much more
can be said without turning to numerical methods. We turn instead to three examples, chosen to

highlight particular elements of the problem.

Example 6.1. We take Brock’s (1982, Section 5) example of a general equilibrium model of asset
pricing with production and give it an open economy interpretation. Countries have identical utility
functions, u(c) = log(c) and their production processes are fi(k,0) + 0k*, 0 < « < 1. Shocks to
technology are iid over time but may differ across countries. They have support over a finite subset

of the positive orthant, but are otherwise unrestricted. The allocation functions are then
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The A;’s are the welfare weights and are chosen to sum to one. The v,’s also sum to one and satisfy

6i
Ei g_i'YT

Brock (1982, appendix to Section 1.5) demonstrates that a solution to these equations exists.

'y}_“ZE , t+1=1,2, .., 1L

Now consider the implications for trade dynamics. If we define GNP as y! = f,(k.0,) and

gross investment as z = k!, then

nxi = y! — [ci+ki,,] =y — N0 —=aB) + veBlY,
and

cov(nxy,y;) = var y, — [N(1—aB) + vB] cov(Y,.y,)-

If the expression in brackets is large enough, we can get a negative value, at least for some
countries, if domestic and world output are positively correlated. As an explanation for trade
dynamics, however, it has one fatal flaw; the model implies that consumption and investment are
proportional to output, so both have the same variances in percentage terms. The model therefore

fails to deliver the high volatility of investment that we argued was so important in the data.

Example 6.2. We consider next a streamlined version of the Long and Plosser (1983) multisector
business cycle model, interpreting their industries as countries. Unlike our earlier models, countries
produce different goods. Consumers in each country are assumed to have identical homothetic
preferences; as in the previous example this allows us to separate aggregate consumption from its

distribution across countries. Consumers in each country i have utility function

E, ¥ Bu(c)
t=0

where ¢! = (c},,....c}) is a vector of goods and the period utility function is logarithmic:
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I
u(c) = & logcy, whered, =0, and ¥ 6 = I.
i=1

J

Production of good i in period t uses inputs kj, of every other goods j:

l .
(6‘5) y: — Gil 1_[ (k;r)ai}’ aij = 0, E &'u « L.
i=1 i

The “capital stocks™ ki last one period and are chosen of date t — 1 but the realization of the
random variable 6, is not revealed until t. Output each period is allocated between consumption and

investment:
6.6) yi =Y [c]+ki].
i

The planning problem is therefore to maximize

1 o .
W = _)_:;}‘-. 'E[}Euﬁfu(c:) , A>0, LN=1

subject to (6.5) and (6.6).

Some algebra manipulation, described in Long and Plosser, leads us to the solution:

¢ = h_'.'}’i)’:

ki[ = ’Y?j)’jr
Where v; and vj; are fractions and Zyyj; < 1.

The implications for comovements between, say, national output and net exports again
depends on the definitions of those variables. We define real gross domestic product in country i
as p;y., where p, is the price of good i in some base period. Without loss of generality we set p, = 1
so that GDP is y.. Aggregate consumption in country i is more complicated, since it consists of

consumption of each of the I different commodities. The relative prices of these commodities vary,
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but in the national income accounts they are evaluated not at current prices but at prices in some base

period. Real aggregate consumption, as measured in the national accounts, is therefore
> pe
i
for some choice of base prices. For similar reasons we write real gross investment in country i as
E F’_ik_il +1
]
and net exports as
nx; =y — E Plcy+kil =y — E P;[P\ﬁi"“}'i]])"-
j i
The covariance between output and net exports is
. | — A ¥ 1yl
cov(nx,y) = vary; — Y pi[Ay+vil coviyly)
i

which has many of the features of Brock’s example. In particular it relies on covariances between
domestic and foreign output, and only avoids exact equality between percentage variations in
consumption and investment by introducing aggregation problems.

Neither of these examples is particularly illuminating. In our opinion they illustrate that the
simple functional forms that serve us so well in other contexts do not help us here. The next

example does permit us some analytical results, by assuming there is no aggregate uncertainty.

Example 6.3. Consider an economy facing a fixed rate of interest rate, (1 —3)/8. The fixed rate of
interest could reflect constant world output, but whatever its source it implies constant domestic
consumption. All variations in net exports are driven by investment. Consumers in this economy

solve the problem

1=

max E; Y Bu(c)
fe

subject to
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where M is the value of all claims held by consumers in the country. The first order conditions

imply constant consumption. Firms face the problem

max B 3 Bf(k.8) ~ 67'k)

1={)

where 6 is first-order Markov. The first-order condition are
BE{af(k.0)/0k} =1, t=0,1,2, ...

Profits from production may or may not be included in M.

We now specialize the model and point out the importance of the curvature of f and the
persistence of f in generating large fluctuations in k. Clearly the covariances with world output that
were so important in earlier examples play no role here. Let f(k,0) = 0k*, 0 < « < I, and let

log # be AR(1) with normal disturbances:
log 6, = p log 6, + €.,

{e} ~ NID(0,v). Thenk,, = g(6), where

v — expllp+y/2)/(1 —a)]
g0) = (aﬁ)lm—«) ’

From the dynamics of # we can determine the dynamics of k and y and hence the comovements of

y and nx:
cov(nx,y) = var y — cov(k,y).

To a first approximation we can write this as
cov(nx,y) = [f;—f,g,] var 6

so the covariance is negative if and only if g, > f,. If we evaluate this at the steady state value of k,
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g = g(0)p/(1—a)
and g, > f, if
1 =g Zpi

Obviously p must be positive. The inequality also has the feature that, for any choice of «, there
exists a value of p < 1 such that the condition holds. The larger is «, the large p must be. We see
therefore that persistent shocks and production functions without much curvature are conducive to

generating the large fluctuations in investment apparent in the data.

7. Final Remarks

We have made a case for investment-driven trade dynamics in the spirit of Sachs (1981).
At this point we view it as a reasonable working hypothesis, but clearly more work will need to be
done before we can compare it to alternatives. We think empirical work on other countries should
be done to see if the regularities of American data hold more generally. On the theoretical side, we
think the difficulty of deriving analytical results in Section 6 is a strong argument in favor of

quantitative methods like those of Kydland and Prescott (1982). We leave both for another day.
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Table 1
High-Frequency Comovements of Selected Variables With GDP*

(Detrended Data for the United States: 1954:1 to 1986:2)

Cross Correlations With GDP

Mean
Share of Standard
Variable GDP Deviation i -5 -4 -3 -2 -1 0 1 2 3 4 5 6
Gross Domestic Product 1.00 21% —.09 .04 22 43 66 .86 1.00 .86 66 43 29 04 —.09
Consumption 61 1.6 15 28 42 55 69 .79 .82 .65 45 24 03 —.15 —.28
Nondurables and Services .54 | .09 21 36 49 63 74 78 .65 50 .33 d4 —-02 -—.15
Durables .07 6.2 19 .29 40 .51 64 71 74 .55 33 09 —-.13 —-.30 —-.40
Investment A7 9.6 .00 1 26 44 62 .79 90 75 52 .26 03 ~-.16 -.29
Nonresidential Fixed ki | 6.0 -33 —-24 -.10 .07 32 58 .82 .89 86 .73 .55 .34 15
Other .06
Government Purchases 23 2.8 02 .04 .04 .05 07 .09 o ) J4 Jd4 15 .19 21 21
Net Exports .00 7.3 -5 =5 ~57 -.53 —-45 —-.36 -—.26 —.13 05 .24 41 .52 54
Exports .08 6.1 —-52 —-49 —-42 =27 —06 .19 40 .54 59 .60 59 51 .38
Imports .08 59 .09 18 27 37 50 .65 4. 2 55 .33 A0 —12 =27
Federal Government Deficit 01 5.8 31 21 08 - 08 —-31 -4 ~-73 =75 —-66 —51 —-34 —.18 —-.04
Expenditures .20 3.1 .06 .05 03 -02 -09 —-17 -25 =29 -—-28 —-20 -.09 .01 .09
Revenues .19 4.6 -~35 =23 =08 0% 33 .56 T5 5 64 .50 36 .23 32

*With two exceptions, variables have been detrended by taking logarithms and applying the Hodrick-Prescott filter. The exceptions are net exports and the Federal government
deficit, which are the differences between their filtered components. Cross correlations are for GDP at the given lag (—6,—3,...,6) and the contemporaneous value of the designated
variable.




Table 2

High-Frequency Comovements With Net Exports

Cross Correlations With Net Exports

Variable -6 -5 —4 =3 =2 == 0 1 2 3 4 5 6

Net Exports -.12 .05 25 45 .66 .83 1.00 .83 .66 45 25 .05 —.12

Consumption 29 23 13 .00 - 12 ~.24 —;32 —-.34 =36 = 37 —.34 . 30) —.24
Nondurables and Services .26 22 13 .03 -.08 -.19 —.28 —.31 -.35 -.37 =~ 34 =.30 —.26
Durables 27 21 1 —.03 —.15 —.25 —~.31 31 -=.30 -.30 — .27 —.24 —.17

Investment 43 .38 .29 15 .00 —.15 —.26 —.30 -.32 —.33 - .33 - 31 — .26
Nonresidential Fixed 42 .46 43 .36 25 13 .01 —.08 —.16 -.23 -.30 -.34 —.35
Other

Government Purchases —-04 =05 -.05 —.06 —.02 -.01 -, 01 —.00 —.01 .00 .00 .00 .03

Federal Government Purchases —.49 —.55 —.56 — 48 -.32 = 14 .04 A8 25 .37 47 .54 .49
Expenditures -27 -.28 -.30 =25 -.17 -.05 05 18 23 .30 .34 .38 34
Revenues 43 .50 50 .43 29 .14 -.01 —.10 —.16 -.27 - .36 —.43 —.39

Notes: See Table 1.



