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ABSTRACT

This paper argues that seasonal fluctuations in international trade are large and have non-
trivial effects on a country's resource allocation, production, and welfare. Using U.S.
quarterly data, we find fluctuations of as much as 43% and 15% for apparel imports and
exports respectively, and 7% and 12% for aggregate imports and exports respectively. In
addition, we observe that seasonal fluctuations of aggregate exports have decreased
substantially over time. We formulate a general equilibrium model to examine the link
between changes in the size of seasonal fluctuations and the levels and variances of
employment, output, and consumption. One result is that if price fluctuations increase
under free trade, the traded good sector shrinks and the non-traded good sector expands.
Increased trade volume can decrease fluctuations in domestic production of either good.
This is verified in the data of U.S. apparel trade and production: we find that doubling of
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trade volume is associated with a 40% decrease in fluctuations in production.
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1. Introduction

Can seasonal fluctuations in international trade be ignored? This paper puts

forward an argument that seasonal fluctuations in international trade are large and have

non-trivial effects on a country's resource allocation, production, and welfare. For this

purpose, we present empirical observations from U.S. trade data, and a general

equilibrium model of an economy exposed to seasonal fluctuations in trade.

Most economic activities are, in fact, affected by seasonal fluctuations. Large

seasonal fluctuations are present in every aggregate measure of economic activity such as

GNP, employment, prices and international trade. For example, Barsky and Miron (1989)

observe in U.S. data (1967-87) that seasonal fluctuations account for about 90% of the

fluctuations in the rate of growth of GNP. GNP decreases by 8.1% in the first quarter and

increases by 4.9% in the fourth quarter; employment decreases by 2.5% in the first

quarter; exports decrease by 2.5% and 7.1% in the first and third quarters respectively and

increase by 4.3% and 5.3% in the second and fourth quarters respectively; and imports

decrease by 3.7% in the fourth quarter and increase by 4.7% in the second quarter.

Despite the magnitudes of these seasonal fluctuations, little attention has been

paid to them in the literature until recently. Moreover, seasonal fluctuations have in most

cases been treated as noise orthogonal to economic activity. Recent findings, however,

suggest that seasonal fluctuations depend on the state of the economy and are a useful

natural experiment to test and estimate various economics models (see Barsky and Miron

(1989), Beaulieu, MacKie-Mason, and Miron (1992), and Mehrez (1996, 1998)). Our
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paper is an attempt to place greater emphasis on the significance of seasonal fluctuations

in international trade. We examine data of U.S. aggregate, apparel, and footwear trade,

and find some striking empirical regularities. We construct a general equilibrium model

of a closed and an open economy, and find that seasonal fluctuations in trade can

influence a country's resource allocation, production, and welfare: changes in seasonal

fluctuations can have both first and second order (level and variance) effects.

The relevance of seasonal fluctuations in trade can be best illuminated by

considering the following scenario under which the same good gets exported in one

season and imported in another. A difference in the seasonal fluctuations across countries

can give rise to trade across seasons: a country can export a good in one season and

import the same good in another. Even if net trade registers as zero, that is, the amount

exported in one season equals the amount imported in the other, such trade has welfare

implications and affects the levels and variances of factor use and output. The effect of

changes in the size of seasonal fluctuations is not clearly understood yet.

Trade of a good across seasons can, of course, be considered as trade of two

goods with different timing characteristics. In the Arrow-Debreu world, such trade is

identical to trade between any two distinct goods. This may explain the literature's lack

of interest in seasonal fluctuations and trade: conventional trade theory results seem

applicable to trade across seasons. However, this is no longer true once we consider a

richer setting in which a particular good is produced by a single firm in different seasons

while distinct goods are produced by different firms, and there exist adjustment costs.

Suppose a good is produced by using factors of production that cannot be adjusted

across seasons (for example, capital stock) and factors that can be adjusted (for example,
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labor). Then, production in different seasons is linked together by the level of the capital

stock: a firm which faces seasonal fluctuations in prices has to take account of both

seasons to decide on its optimal capital stock (common across seasons) and labor uses in

different seasons. Since seasonal fluctuations in the world market and trade across

seasons affect this production decision by the firm, they have effect on the levels and

fluctuations of factor use and output in a way different from a simpler model in which

capital can always be adjusted. In contrast, in the standard model with two distinct

goods, production of one good is independent (at the firm level) of production of the

other good. Thus with adjustment costs, trade across seasons introduce effects on means

and variances of factor use, output, and consumption that have not been captured by the

standard model of trade between distinct goods.

We begin by presenting some stylized facts observed in U.S. trade data. We find

that there are fluctuations1 as much as 7% and 12% for aggregate imports and exports

respectively, 43% and 15% for apparel imports and exports respectively, and 35% for

footwear imports. In addition, it is found that seasonal fluctuations of aggregate exports

have decreased substantially over time.

To investigate the effect of trade across seasons, we construct a model of an

economy with two inputs, two goods, two seasons (comprising a period), and seasonal

fluctuations in demand. By comparing autarky and free trade, we examine the effect of a

country exposing itself to world market fluctuations (which may be smaller or larger than

the domestic seasonal fluctuations). The free trade fluctuations are captured by

fluctuations in the seasonal prices. We also examine the effect of changes in the
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magnitude of the fluctuations of free trade prices on the economy. By using numerical

simulations, we observe the effects on the levels and variances of employment, output,

consumption, trade, and welfare.

Some of the notable comparative static results are the following. (1) If the

seasonal price fluctuations increase when a country moves from autarky to free trade,

then the mean2 labor use and the mean output of the traded good industry decrease, while

those of the non-traded good industry increase. That is, labor and output shift from the

traded sector to the non-traded sector. (2) If the seasonal price fluctuations decrease by

moving from autarky to free trade, then the opposite holds. (3) For a freely trading

economy, the effect of an increase in the seasonal price fluctuations is as follows. The

mean labor use and the mean output of the traded good industry decrease, while those of

the non-traded good industry increase. Welfare may increase or decrease.

Although the literature of international trade under uncertainty also examines the

effects of fluctuations on a trading country, our analysis differs in formulation and in the

question addressed. While models in this literature have both factors perfectly mobile

across seasons and both goods tradable, in our model, one factor is fixed across seasons

and one good is non-traded. Furthermore, our fluctuations are deterministic: there is no

uncertainty in our model. Our interest is in how second order changes (i.e. changes in

seasonal fluctuations) affect the first order statistics (levels) and second order statistics

(variances) of the economy, and welfare. In contrast, the literature's focus is in the

examination of the robustness of the results associated with the Heckscher-Ohlin model.

                                                                                                                                                
1 The numbers that follow are differences between the largest mean quarterly increase and the largest mean
quarterly decrease. See Section 2 for details.
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One of the model's implications is that through international trade across seasons,

an increase in the volume of trade can be accompanied by a decrease in the seasonal

fluctuations of domestic production. Data of U.S. apparel production (January 1947 to

March 1998) and trade demonstrate this.3 We find a strong negative correlation between

the magnitude of seasonal fluctuations of apparel production and the volume of trade.

This paper is organized as follows. Section 2 presents some stylized facts on the

magnitudes and patterns of seasonal fluctuations in U.S. imports and exports. In Section 3

we develop the model and present some comparative static results. Section 4 examines

the relationship between the volume of trade and seasonal fluctuations in production for

the U.S. apparel industry. Section 5 concludes.

2. Stylized Facts

In this section we demonstrate the magnitude and importance of seasonal

fluctuations in international trade using U.S. quarterly data of aggregate imports and

exports as well as imports and exports of apparel and footwear. The goal of this section is

to motivate the theoretical analysis by showing that trade across seasons has significant

implications and is not merely a theoretical curiosity.

                                                                                                                                                
2 The effect on the mean of the high and low season values of a variable is the same as the effect on the
period sum of that variable (i.e. the level effect).
3 See footnote 5 regarding the Multi-Fiber Agreement.
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Figures 1(a) and 1(b) plot the log level and the growth rate respectively of

quarterly aggregate U.S. imports in constant dollars between 1946 and 1996. The

seasonal fluctuations in aggregate imports can definitely be observed and appear to be

large and constant over time. We estimate the seasonal factors using the dummy

regression model. That is, we regress the growth rate of imports less its mean growth rate

between 1946 and 1996 on four quarterly dummies,

(1) Xt = dsQs
s=1

4

∑ + ε t ,

where Xt is the quarterly growth rate of imports less the mean growth rate during the

sample period, and Qs, s=1, .., 4, are quarterly dummies. The results are presented in

Table 1. The entries in the table are the OLS estimates of the coefficients on the seasonal

dummies. These coefficients show that aggregate imports increase by 4.9% (above the

mean growth) in the second quarter and decrease by about 2.4% and 2.3% in the fourth

and first quarters respectively.

Aggregate exports exhibit large seasonal fluctuations as well, but the timings of the

high and low seasons are different. Figures 2(a) and 2(b) plot the log level and the growth

rate respectively of quarterly aggregate U.S. exports in constant dollars between 1946 and

1996. The estimated seasonal pattern of exports is presented in Table 1. The coefficients on

the dummies show that exports increase by 4.7% and 4.1% in the second and fourth quarters

respectively, and decrease by 7.1% and 1.6% in the third and first quarters respectively.4 We

                                                
4 These patterns of aggregate imports and exports are similar to the findings by Barsky and Miron (1989)
who use data from 1948:2 -1983:4.
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further find that, remarkably, seasonal fluctuations of exports have decreased after 1980.

This, to our knowledge, has not been pointed out before. Regressing the growth rate of

exports on quarterly dummies for the period prior to 1980 and for the period after 1980

separately suggests that the seasonal fluctuations after 1980 are about one half of the

seasonal fluctuations prior to 1980 (see Table 1).

To conclude, aggregate imports fluctuate by as much as 7% (between the first and

fourth quarters) and aggregate exports fluctuate by as much as 12% (between the second

and third quarters). Comparing fluctuations of imports and exports, they have the same

signs in the first and second quarters but have opposite signs in the fourth quarter.

Imports increase in the second quarter and decrease in the first and fourth quarters, while

exports increase in the second and fourth quarters and decrease in the third quarter. There

is also very strong evidence that the seasonal fluctuations of exports have declined

substantially over time.

Aggregate imports and exports, however, do not fully reflect the importance of trade

across seasons since industries with asynchronous seasonal fluctuations offsetting one

another, as well as industries without seasonal fluctuations are included. Thus, we next

examine industries for which large seasonal fluctuations are expected a priori: apparel, and

footwear. We collected quarterly data from 1969 to 1987 for imports and from 1971 to 1987

for exports. Figures 3(a) and 4(a) present the natural logarithm of quarterly real imports of

apparel and of footwear in constant dollars between 1969 and 1987, and Figures 3(b) and

4(b) present the growth rates of these series. Two clear observations can be made from the
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figures. First, there is a large increase in imports over time.5 Imports of apparel and of

footwear increased to 7.7 and 6.4 times respectively between 1969 and 1987. In comparison,

during the same period, U.S. production of apparel increased by only 25%. Second, seasonal

fluctuations are large. The estimated seasonal patterns in these series (the OLS estimates of

the coefficients on the seasonal dummies) are presented in Table 1. The coefficient estimates

show that imports of apparel increase by 22.7% in the third quarter and decrease by 20.0%

and 4.6% in the fourth and first quarters respectively. Imports of footwear increase by 17.5%

and 11.1% in the first and third quarters respectively, and decrease by 17.1% and 10.6% in

the fourth and second quarters respectively.

Exports of apparel and of footwear exhibit large seasonal fluctuations as well, but

the seasonal fluctuations are smaller and have different patterns. Figures 5(a) and 6(a)

present the natural logarithm of quarterly exports of apparel and of footwear in constant

dollars between 1971 and 1987, and Figures 5(b) and 6(b) present the growth rates of

these series. Between 1971 and 1987, exports of apparel and of footwear doubled and

increased to 7.5 times respectively. The estimated seasonal patterns in these series are

presented in Table 1. The coefficient estimates show that exports of apparel increase by

6.9% in the second quarter and decrease by 8.1% in the third quarter. Exports of footwear

decrease by 4.8% in the first quarter.

To conclude, there are seasonal fluctuations by as much as 43% for apparel

imports (between the third and fourth quarters),15% for apparel exports (between the

                                                
5 Although apparel and footwear imports have been restricted by the Multi-Fiber Agreement, the agreement
has allowed an increase in the volume of imports over time based on "market conditions." Moreover, even
with an annual quantitative restraint, seasonal fluctuations can take place within each year. The effect of
trade restrictions on seasonal fluctuations would be a topic of separate work. For details on the MFA, see
Hufbauer, Berliner, and Elliott (1986).
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second and third quarters), and 35% for footwear imports (between the first and fourth

quarters). Seasonal fluctuations of imports and exports have different patterns. The share

of import of apparel in domestic consumption has increased from 5% of total apparel

consumption ($1.3 billion) in 1970 to 26% ($22 billion) in 1988 (Murray (1995)). This

implies that between 1970 and 1988 trade across seasons in apparel had increased by

more than 5 times.

Having established the quantitative significance of seasonal fluctuations in

international trade, we next examine the qualitative effects.

3. The Model

We next formulate a model to examine how seasonal fluctuations and

international trade across seasons are linked to production, consumption, and welfare. In

particular, our interest will be in how changes in seasonal fluctuations (a second order

change) may affect the means and variances of employment and output (first and second

order statistics). We employ a perfectly competitive general equilibrium model with two

final goods, two factors of production, and two seasons. The two goods are both final

goods: good x is tradable while good y is non-tradable. The two factors of production are

capital (K) and labor (L), and the two seasons called high and low are labeled by s = h, l

respectively. The two seasons comprise a period. Demand for each good fluctuates

between seasons: demand for good x (good y) is high (low) in season h  and demand for
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good x (good y) is low (high) in season l. Goods are not storable, and there is no

uncertainty in the model.

Firms produce in each season, using capital and labor, by a constant returns to

scale technology. Capital input for each firm is fixed during a period: firms cannot adjust

the quantity of its capital input across seasons. Labor input, on the other hand, can be

varied across seasons. Capital thus represents factors of production that can only be

adjusted each period and not across seasons, such as factories or large machineries. Labor

represents factors that are adjustable in each season, such as man-hours and leased

equipment.6 We further assume for simplicity that the production functions are the same

across sectors. Specifically, using the Cobb-Douglas form, the production functions of

the tradable and non-tradable goods in each season are:

(1) Qxs = f Kx, Lxs( ) = Kx
βLxs

1− β , and

(2) Qys = g Ky ,Lys( )= Ky
β Lys

1−β ,

where 0<β<1 and s = h, l.

The total capital supply and labor supply are fixed. Capital supply is denoted by

K, and labor supply is normalized to 1. The factor market clearing conditions are:

                                                
6 This model differs from the sector specific capital (specific factors) model in the following way. In the
sector specific capital model, capital allocation between the two sectors are exogenously given, while in
our model, the capital allocation is the result of optimization. At the level of the individual firm's
optimization, in the sector specific capital model, firms in each sector optimize without any intertemporal
constraint, and in equilibrium, capital demand by each sector must match the given capital allocation. In
our model, firms optimize under the constraint that capital inputs in the two seasons have to be equal, and
capital allocation among the two sectors results endogenously.
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(3) K = Kx + Ky

(4) 1 = Lxh + Lyh

(5) 1 = Lxl + Lyl

Equations (1) through (5) define the economy's convex production feasibility set in 4

dimensions: Qxh, Qyh, Qxl, and Qyl.

The utility of a representative consumer defined over the two goods in the two

seasons is:

(6) U = u Dxh,Dyh, Dxl,Dyl( )= α logDxh + 1− α( )log Dyh + 1−α( )logDxl +α logDyl,

where Dis is consumption of good i in season s. The seasonal fluctuation in consumer

preference is captured by α, where 12 <α<1. We are therefore modeling domestic seasonal

fluctuations to originate from the demand side, with a relatively high preference for good

x (low preference for good y) in season h, and a relatively low preference for good x (high

preference for good y) in season l.7

                                                
7 In this simple framework, seasonal fluctuations in the supply-side do not yield qualitatively different
results. We choose to have demand fluctuations for computational simplicity.
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3.1 Autarky Solution

We first look at the autarky solution, which will be used later as a benchmark to

investigate the effects of international trade. The solution satisfies the following first

order conditions along with the constraints (1) though (5) and convexity of the production

set:

(7) u1 f1h + u3 f1l = u2g1h + u4g1l

(8) u1 f2h = u2g2h

(9) u3 f2l = u4g2l ,

where uj  (j=1,2,3,4) is the partial derivative of u with respect to the jth argument, f1s and

f2 s are partial derivatives of f Kx, Lxs( ) with respect to the first and second arguments, g1s

and g2s  are partial derivatives of g Ky, Lys( ) with respect to the first and second

arguments, and s=h,l. As usual, the first order conditions are the equalities across the two

sectors of the shadow values of the marginal products of each of the factors. Since capital

can only be adjusted each period (consisting of the two seasons), each side of equation (7)

is the welfare effect of a marginal unit of capital via period output. Each side of equations

(8) and (9) is the welfare effect of a marginal unit of labor via seasonal output.
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We define p as the relative price of the high-season good x in terms of the low-

season good x. In the autarky solution, this relative price is equal to the marginal utility of

the high-season good x relative to the marginal utility of the low-season good x:8

pa = u1

u3
.

Due to the assumed symmetries in the model (in production and in preference),

capital is split equally between sectors x and y ( Kx
a = Ky

a = K
2 ), and there is symmetry in

labor allocation (Lxh
a = Lyl

a = α  and Lxl
a = Lyh

a = 1−α ).

3.2 Free Trade Solution

The world market is also subject to seasonal fluctuations, which may be larger or

smaller than the domestic fluctuations. The world fluctuations may be synchronous or

asynchronous to domestic.9 We are interested in how a country is affected if a it exposes

itself to the world market (i.e. increases its volume of trade), and also, how the freely

trading country is affected if fluctuations in the world market changes.

Our model will take the form of a small open country which takes the world

relative price of the high-season good x in terms of the low-season good x, p (≡ pxh

pxl
), as

                                                
8 The superscript a represents autarky.
9 The synchronization of the domestic and the world market fluctuations will not be relevant for the small
open country case. For the large country case, the synchronization as well as the relative size of the country
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given. The value of p represents the world seasonal fluctuation, and without loss of

generality, we assume that the world price of good x in season h is greater relative to that

in season l, i.e. p•1. If p>pa (if p<pa), the country exports (imports) good x in season h

and imports (exports) it in season l. We assume that trade balances each period

(consisting of the two seasons).10 The results we obtain are also valid for a large country if

p is interpreted as the equilibrium relative price of the large country freely trading with

the rest of the world.

The free trade solution is obtained by maximizing (6) subject to the production

possibilities (1) to (5), domestic market clearing of the non-traded good Qys=Dys for s=h,l,

and period trade balance

(10) pExh + Exl = 0,

where Exs = Qxs − Dxs .

The solution satisfies the following first order conditions:

(11) u1 = u3p

(12) u1 f1h + u3 f1l = u2g1h + u4g1l

(13) u1 f2h = u2g2h

(14) u3 f2l = u4g2l .

                                                                                                                                                
with respect to the rest of the world matter in order to determine the seasonal fluctuations in the free trade
equilibrium price.
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Equation (11) is the equality of the world relative price to the ratio of marginal utilities

for the traded good across seasons. Interpretations of equations (12) to (14) are the same

as those of (7) to (9). We will be able to make two sets of observations: a comparison of

autarky and free trade, and the effect of increased or decreased fluctuations on the freely

trading country.

3.3 Effect of Trade

Since the model could not be solved analytically for general parametric values, we

solved the model numerically for several plausible parameter values (within 1
3 •α• 2

3  and

1
4 •β• 3

4 ) and obtained the following results which are consistent across the values we

examined.

We find that capital allocation across the two sectors, Kx and Ky, is unaffected by

free trade. This results from the effect on the shadow values of the marginal products of

capital in each season, and that capital cannot be adjusted across seasons i.e. the same Kx

is used to produce in both the high and low seasons. For example, an increase in p, the

relative price of high-season good x in terms of low-season good x, increases the shadow

value of marginal product of capital to produce good x in season h, but this is entirely

offset by the decrease in the shadow value of marginal product of capital to produce good

x in season l. Thus capital demand by sector X does not change. The relative shadow price

                                                                                                                                                
10 Note that the model is one of balanced intra-industry trade.
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of high-season good y in terms of low-season good y also changes, but this too does not

affect the demand for capital by sector Y.

With respect to use of labor, the seasonally adjustable factor, Lxh increases and Lxl

decreases if the world fluctuation is greater than the domestic fluctuation (p>pa). Lyh

decreases and Lyl increases if the world fluctuation is greater than the domestic

fluctuation. The opposites happen if the world fluctuation is smaller than the domestic

fluctuation (p<pa).

The situation for p>pa is illustrated in Figure 7: panel (a) for the high season and

(b) for the low season. Given that capital allocation cannot be adjusted across seasons, the

production possibilities frontiers are the same across seasons. In autarky, optimization

results in production and consumption at point A in each of the panels. Under free trade,

production is at point B and consumption is at point C. Exh is the export in the high

season, and Exl is the import in the low season. The marginal rate of substitution at point

C is equal to the marginal rate of transformation at point B in each panel, and Exh and Exl

satisfy the trade balance condition (10).

Some of the results are presented on Figures 8 and 9, which plot the values of

means and variances of some of the variables as functions of p. For each graph, the origin

corresponds to the autarky point. The only qualitative difference between the two figures

is with the mean of Dx. Having examined the results for the different parameter values, we

find the following effects on the means11 and variances across seasons for each of the

goods to be robust among our parameter values.

                                                
11 See footnote 2.
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Proposition 1.1. Consider an autarkic economy exposing itself to world seasonal

fluctuations by starting to trade freely. If the fluctuations under free trade are larger than

the fluctuations under autarky (i.e. if p>pa):

(a) the mean labor use and the mean production of the traded good decrease;

(b) the mean labor use and the mean production of the non-traded good increase;

(c) the mean consumption of the traded good can increase or decrease;

(d) the mean consumption of the non-traded good increases;

(e) the variances of labor use and production of both goods increase; and

(f) welfare increases.

This represents the situation in which a small country starts to trade freely and

exposes itself to world fluctuations which are larger than domestic. Alternatively, it is the

situation in which a large country starts to trade freely and the resultant world price

fluctuations are larger than under autarky.

The intuition for these results is as follows. When a country faces a larger

seasonal fluctuation through an increase in the relative price of high-season good x with

respect to low-season good x, two factors come into play in affecting production. First,

the convexity of production possibilities set implies that larger fluctuations decrease the

means of production of both goods.

The second factor is substitution in consumption. Given the diminishing marginal

utility in each of the four arguments, Dxh, Dyh, Dxh, Dxl, "smoothing in consumption" takes

place across these arguments for welfare maximization. In season h, there is an increase

in the relative price of good x, and as a result, production of good x increases, production
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(and consumption) of good y decreases, and good x is exported. In season l, there is a

decrease in the relative price of good x, and as a result, production of good x decreases,

production (and consumption) of good y increases, and good x is imported. Note that

since p>1, for every unit of good x exported in season h, more than one unit of good x is

imported in season l. This means that the change in season h (increase in the production

of good x and decrease in the production of good y) is smaller than the change in season l

(decrease in the production of good x and increase in the production of good y).

Therefore, the substitution effect is to decrease the mean production of good x and

increase the mean production of good y. Summarizing, for good x, both the convexity and

the substitution effects are to decrease its mean production. For good y, the convexity

effect is to decrease its mean production (and consumption) and the substitution effect is

to increase its mean production (and consumption). For our functional specification and

parameter values, for good y, the former effect is dominated by the latter. This is a

striking finding. If a country, by freely trading, exposes itself to a larger seasonal

fluctuation of the price of the traded good, its traded good sector shrinks unambiguously,

and in our specification its non-traded good sector expands.

The mean consumption of good x, the traded good, can increase or decrease

because the above negative production effect coexists with the usual substitution and

income effects of the tradable good consumption. The variances increase as expected, and

welfare increases because of increased consumption possibilities from allowing

international trade.

The effects on a country which faces smaller seasonal fluctuations (p<pa) are

presented as the following.
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Proposition 1.2. Consider an autarkic economy exposing itself to world seasonal

fluctuations by starting to trade freely. If the fluctuations under free trade are smaller than

the fluctuations under autarky (i.e. if p<pa):

(a) the mean labor use and the mean production of the traded good increase;

(b) the mean labor use and the mean production of the non-traded good decrease;

(c) the mean consumption of the traded good can increase or decrease;

(d) the mean consumption of the non-traded good decreases;

(e) the variances of labor use and production of both goods decrease; and

(f) welfare increases.

This presents the situation in which a small country starts to trade freely and

exposes itself to world fluctuations which are smaller than domestic. Alternatively, it is

the situation in which a large country starts to trade freely and the resultant world price

fluctuations are smaller than under autarky.

The above results can be explained by the same intuitions as those for Proposition

1.1. The convexity and substitution effects are the just the opposites of those for

Proposition 1.1, explaining (a) to (d).12 There is a decrease in seasonal fluctuations, thus

decreases in the variances. The effect on welfare is also an increase due to increased

consumption possibilities due to free trade.

                                                
12 The convexity effect is to increase the means of both goods' production. Since p>1, the season h change
(decrease in the production of good x and increase in the production of good y) is smaller than the season l
change (increase in the production of good x and decrease in the production of good y). Therefore, mean
production of the traded good increases, and under our specification, mean production of the non-traded
good decreases.
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One plausible scenario, when looking at data, is an increase in the volume of trade

of a large country whose fluctuations are asynchronous to the rest of the world, and the

resultant price fluctuations are smaller. Proposition 1.2 predicts the outcome on the

means and variances for such a case in which the change from autarky to free trade can

represent the effect of an increase in trade volume. The traded good sector expands while

the non-traded sector shrinks.13 Fluctuations in domestic production become smaller, and

welfare increases.

3.4 Effect of Changing World Seasonal Fluctuations

Next we consider the comparative static of changing p for a freely trading

country. We define an increase in the world seasonal fluctuations by an increase in p.14 As

above, capital allocation is unaffected.

Proposition 2. Consider a freely trading economy. If the price fluctuation of the traded

good (p) increases:

(a) the mean labor use and the mean production of the traded good decrease;

(b) the mean labor use and the mean production of the non-traded good increase;

(c) the mean consumption of the traded good can increase or decrease;

(d) the mean consumption of the non-traded good increases;

(e) the variances of labor use and productions of both goods increase; and

                                                
13 Note that this comparative static result is purely from changes in fluctuations, and is independent of
comparative advantage.
14 Note that we have assumed p•1.
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(f) welfare increases if p>pa, and decreases if p<pa.

The intuition for (a) to (e) is the same as those for Proposition 1.1. An increase in

the world seasonal fluctuation shrinks the traded good sector and expands the non-traded

good sector.

Welfare has a U-shaped graph with respect to p, with the minimum at autarky p.

Welfare is decreasing (increasing) with respect to p for values of p lower (higher) than the

autarky p. The effect on welfare can be explained entirely by terms of trade changes.

When the world seasonal fluctuation is smaller than the domestic fluctuation, the country

is importing in season h and exporting in season l. An increase in p(≡ pxh

pxl
) is a terms of

trade deterioration. On the other hand, when the world fluctuation is greater, the country

is exporting in season h and importing in season l. An increase in p is a terms of trade

improvement.

4. Volume of Trade and Fluctuations in Domestic Production

One of the model's results is that through international trade across seasons, an

increase in the volume of trade can be accompanied by a decrease in the seasonal

fluctuations of domestic production.15 We use monthly data of U.S. apparel production

                                                
15 The fall in the seasonal fluctuations of exports suggests another possible avenue by which trade across
seasons may have affected the seasonal fluctuations of production. As international trade increased, U.S.
production shifted from industries with large seasonal fluctuations to industries with low fluctuations (and
hence more capital intensive) and imports became to satisfy demand of goods with large seasonal
fluctuations.
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from 1947:01 to 1998:03 to investigate whether the increase in international trade was

accompanied by a decrease in seasonal fluctuations of production.16 Figures 10(a) and

10(b) present the monthly log level and the monthly growth rate of apparel production

from 1947 to 1998. The decrease in the seasonal fluctuations in the second half of the

1970's is clearly identifiable.

To test whether the seasonal fluctuations of apparel production are indeed

negatively correlated with the increase in apparel trade volume, we regressed the monthly

growth rate of production less its mean growth rate on monthly dummies and an

interaction term, the monthly dummies multiplied by the ratio of trade volume to

production. Specifically, we estimate the following equation:

(16) Xt = dsMs
s=1

12

∑ 
 
  

 
⋅ 1+ β TRADE+ γ TREND( ) + εt ,

where Xt is the monthly growth rate of apparel production less its mean growth rate, Ms,

s=1, .., 12, are monthly dummies, TRADE is defined as apparel imports plus exports

divided by the industrial production (IP) index for apparel, and TREND is an annual time

trend.

The results are presented in Table 2. The first column presents the result of

regressing the monthly growth rate of production just on the monthly dummies. The

coefficients show that production increases in January, February, June and August by

3.5%, 6.1%, 2.9%, and 10.7% respectively, and decreases in April, July, November and

                                                
16 This corresponds to Proposition 1.2(e).
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December by 3.8%, 7.9%, 3.6%, and 5.1% respectively. The second column presents the

result when trade interaction term is included. The trade coefficient is negative and

significant. This implies that a larger volume of trade is associated with smaller seasonal

fluctuations in production. For example, between 1980 and 1990 the share of trade

doubled from 1 to 2. Given the coefficient of -0.37, such an increase implies that the

seasonal fluctuations of production have decreased by 37%. One possible explanation of

the negative correlation between trade volume and fluctuations in production is that both

have changed over time independent of each other. Column 3 presents the result when we

add a time trend to the regression. The coefficient on trade is still negative and significant

while the coefficient of the trend is insignificant. This suggests that the results are not

driven by a common trend.17

4.1 Competing Explanations

It is important to note that we demonstrated only a negative correlation between

the volume of international trade and the size of seasonal fluctuations in production, and

not causality. The negative correlation can be explained by several other models where

the decrease in the seasonal fluctuations of production is independent of international

trade. For example, it is possible that the decrease in the seasonal fluctuations of

production is a result of a shift in technology. That is, technology has become less

                                                
17 We also tested whether the growth rate of production is stationary, and were able to reject the non-
stationarity hypothesis.
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flexible, and as a result, fluctuations in production are smaller.18 Another explanation is

that there was a change in tastes over time: the fluctuations in demand have decreased

independent of international trade. A change in technology and tastes, however, could

have also been a result of international trade. In other words, an increase in international

trade may have allowed firms to shift to a more rigid technology (or a shift of the

economy to more rigid and capital intensive industries) since fluctuations in demand can

be met with fluctuations in imports. Likewise, international trade may have affected the

seasonal fluctuations in tastes as consumers are exposed to larger varieties of

commodities. These competing explanations, therefore, are consistent with our model,

and further research should expand the model to investigate the exact channels by which

international trade affects seasonal fluctuations in production.

5. Conclusions

This paper claims that seasonal fluctuations in international trade and trade across

seasons are important elements which cannot be ignored in terms of magnitude (shown

by our empirical investigations) and implications (shown by our model and empirical

evidences). Using U.S. data for aggregate trade and for apparel and footwear, we

demonstrate the existence of large seasonal fluctuations. The model shows the links

between second order changes (size of seasonal fluctuations) and the first and second

order statistics of the economy (levels and variances of employment, production, and

                                                
18 See Beaulieu, Joseph, and Miron (1992) for an argument that links seasonal fluctuations and technology.
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consumption), and find some surprising relationships. Most notably, we find in our

simulations that an increase in seasonal fluctuations will expand the non-traded good

sector and shrinks the traded good sector. We find in U.S. apparel trade data that there is

a negative correlation between the volume of trade and the size of seasonal fluctuations in

production, which is consistent to our model. This is only a first paper on this topic, and

further research should investigate the various implications of international trade across

seasons.
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