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Abstract

This paper uses a new approach to study the dynamics of international
trade. I employ survival analysis to study the duration of US imports.
Several important conclusions are reached. The average duration of ex-
porting a product to the US is very short, just 4 years. However, this
result varies significantly across countries and industries. The data imply
a threshold model of trade duration. If a country is able to export a prod-
uct for the first few years it will face a very small probability of failure
and will export the product for a long period of time. This result holds
across countries and industries as well as product-specific characteristics.
Aggregating the data causes the duration to worsen with decreases in
the median duration. The relative survival experience, however remains
unchanged. Countries are ranked by their survival experience. The rank-
ings are strongly positively correlated with the rankings in Feenstra and
Rose (2000), indicating that product cycle models can explain duration
of trade.
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1 Introduction

Positive trade theory usually asks questions which address the ”"who, what,
when, and why” of international trade. Depending on the application, the an-
swers could be based on technological differences, factor abundance, economies
of scale, love of variety, etc. One questions that has not been addressed is ” how
long?”. When countries trade, how long does their trade relationship last? Are
they exchanging products over long periods of time or short ones? In static
models the issue of the duration of trade is irrelevant. If one extends the static
models and allows the underlying determinants of trade to vary, then patterns
of trade will change accordingly. For instance, if a country experiences techno-
logical progress, one might observe changes in the patterns of trade.

At one level one could imagine that trade dynamics will be consistent with
Heckscher-Ohlin and/or product cycle theories. The technological Leaders de-
velop and export a product until others learn how to manufacture it and enter
the market. As the technology to make the good becomes more and more stan-
dardized or commonly known, other countries will begin to produce and export
the product. If these Follower countries have relatively low costs, they will
eventually take over the market and push out the Leaders. The implication for
the pattern of trade is that we should observe that a country (or a set of coun-
tries) exports for a period of time, and then are eventually replaced by another
country (or a set of countries).

There are a couple of shortcomings with this view. First, empirically assess-
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nature of most international trade data, as emphasized by Schott (2001). When
products are assigned just a few dozen industries, most countries are observed
to import and export all of them at each time period. Second, real world
observations are often more complicated than the stylized view of trade dynam-
ics sketched above would suggest. As this paper shows, there is a remarkable
amount of entry and exit in the US import market. While many import rela-
tionships (a source country-product pair) are long in duration, many more are
very short lived. Countries sell a given product to the US for only a few years
and then exit. Often, that same country will re-enter the market after some
time and once again service the market, and then exit again. In other words,
there are multiple servicing spells for that trade relationship.

Such patterns could be consistent with a ”quality ladder” variant of the
product cycle model wherein the Leader and Follower exchange dominance of
exports of a particular good over time, as leaders re-enter the market for a
given good by innovating and offering a more advanced version (Grossman and
Helpman 1991). However, more theory is still needed to explain the observed
patterns. Often the leader never leaves the market and the ”ins and outs” are
exclusively among the followers. The results suggest that (i) the pervasiveness
of ”ins and outs” across even highly standardized products and (ii) the large
number of multiple spells indicates that more trade theory is needed to explain
the observed patterns.

This paper presents, to our best knowledge, the first attempt to examine

the issue of the duration of trade relationships. Duration analysis techniques



are applied to estimate survival and hazard rate functions of exporting to the
United States. A lot of countries do not trade at all in a given product, giving
rise to a lot of zero observations. There are also countries that export a product
for many (all) years, creating a long trade relationship (spell). There are also
countries that engage in trade on and off, meaning that they trade for a year or
more, then stop, and then start again. The exact nature of dynamics between
observations of being ”in the market” and ”out of the market” (i.e., trade and
no trade) does not appear to have been studied. The main goal of this paper is
to quantify these dynamics and offer some potential explanations.

It has already been observed that bilateral trade is characterized by a lot
of observations of no trade between countries. In particular, Haveman and
Hummels (2001), Feenstra and Rose (2000), and Schott (2001) each make this
observation. None of these papers, however, examined the dynamics of bilat-
eral trade. Haveman and Hummels (2001) were the first to note that a lot of
countries do not trade at all in particular products, giving rise to many zero
observations.! Their focus is whether this finding tells us anything about the
predictive power of monopolistic competition models. Feenstra and Rose (2000)
find that the order in which countries first export a good to the US is consistent
with macroeconomic rankings typically associated with technological progress.
However, their study does not examine whether Leaders exit once Followers en-

ter (which we do not find), or once a country begins to service the US how long

IHaveman and Hummels (2001) first determine whether a given country exports a partic-
ular product to any country. For those that do, they then study how many countries they
service. They find that in nearly half of the cases, importers buy from less than 10% of
available suppliers.



the relationship lasts. Schott (2001) finds a significant decrease in the number
of US imports originating in exclusively rich and poor countries, indicating that
countries with very different factor endowments now compete to a greater extent
with one another than they had previously.

Most of the research on dynamics of trade is focused on examining the evolu-
tion of patterns of specialization over time. Proudman and Redding (1998) find
a considerable amount of mobility of patterns of specialization in the data for
the United Kingdom and Germany. In a set of seven OECD countries, Redding
(2001) studies the distribution of industry shares in GDP and finds substantial
mobility. However, the data does not suggest that countries are becoming more
specialized over time. In the short run, mobility is caused by factors specific
to industries but common across countries, such as relative prices and technical
efficiency. Over the long run, mobility seems to be driven by changes in factors
of endowments. Moenius and Riker (1999) examine the empirical relevance of
the Quality Ladders model of Grossman and Helpman and confirm most of the
volatility implications of the model. Gagnon and Rose (1995) study the persis-
tence of product cycles and find that they are very persistent and that at the
level of their data set there do not appear to be any major dynamics. Findings
in this paper challenge their view.

Most of the papers studying dynamics of trade use fairly aggregated data.
Proudman and Redding (1998) use data on 22 manufacturing industries of two
countries. Redding (2001) examines 20 industries in 7 countries, while Gagnon

and Rose (1995) examine industries disaggregated to the four digit SITC level



over six countries. Schott (2001) and Feenstra and Rose (2000) use the most
disaggregated data set, the NBER Trade Database, which is also used in this
paper. It provides the United States’ imports from virtually every country for
thousands of products over the periods 1972 to 1994. This data comes as close
as possible to observing trade in products rather than in industries.

There are several interesting and potentially important findings. First, trade
relationships are often of very short duration. Over half of US import trade
observations are for a single year. Eighty percent are for four years (or less).

Second, while these eighty percent of spells account for only ten percent
of total trade, they account for more than half of trade in the first year of
each spell. This result indicates that the longer presence in the market allows
countries to increase the value of their trade, whether through acquisition of
better information, ability to establish a name for itself, or something else.

Third, about 25 percent of trade relationships have more than ”one spell”
of selling a product to the US. A country supplies the US, exists, and then
reappears.

Fourth, estimates of survival and hazard functions indicate significant differ-
ences in duration across countries, industries, and most significantly products.
Trade relationships involving differentiated products have the longest durations,
followed by those in reference priced and homogeneous products. The median
length of continuously exporting to the US is only four years for all countries
and industries, but more than 17 years for Canada (full length of the sample)

and only two years for Africa. However, the duration pattern is similar across



countries and products. Across countries and products, the conditional prob-
ability that the trade relationship ends is the highest in the first few years of
servicing the market. In other words, the hazard rate monotonically declines
over time. It appears to be easier to maintain market presence than to establish
one.

Fifth, these phenomena are not driven by the highly disaggregated nature
of the data set. Interestingly, modest aggregation worsens the survival expe-
rience. This result is related to the large number of censored observations, a
feature which becomes less pronounced as the data is aggregated. While the ac-
tual survival experience worsens, the relative survival experience (of countries,
products, etc.) is not affected by aggregation.

Sixth, there is evidence that the product cycle theory can explain at least
some features of the duration of trade. Rankings of countries according to their
survival experience is strongly correlated with the rankings of Feenstra and
Rose (2000). Developed countries have longer survival times and are leaders in
the product cycle. The observation of a significant number of multiple spells,
countries exporting discontinuously, indicates that the product cycle is dynamic.

The paper proceeds as follows. The next section presents the data, offers
an example, and examines the distribution of spell durations and value of trade
contained in them. The following section discusses modeling of duration and
presents estimation techniques. Section 4 presents estimates of survival and
hazard rate functions and discusses differences across countries and products

as well as the effects of aggregation. Section 5 relates the results to the prod-



uct cycle theory, while the following section presents a discussion on possible

explanations and suggestions for future work. Finally, section 7 concludes.

2 Data

The data used in this paper come from the NBER Trade Database (NBERTD)
compiled by Feenstra (1996). The NBERTD lists US imports in years 1972-1994
by source country on an annual basis. Imports are classified according to the
seven digit Tariff Schedule (TS) of the United States from 1972 through 1988
and according to the ten digit Harmonized System (HS) from 1989 through 1994.
Given the change in coding in 1989, in this paper we limit the analysis to the
period 1972-1988 to avoid potential concordance issues. The database provides
classification of up to 16,000 products imported by the US and provides enough
disaggregation of products to create a very rich data set for survival analysis.
The main advantage of using this data is that it contains trade in products,
rather than industries which is usually the case for aggregated data used in
other papers examining dynamics of trade.? Analysis is conducted at the 7-

digit TS level, unless otherwise specified.

2.1 An Example

Table 1 provides examples of three products in the data set ’Corn, milled, fit

for human consumption’ (TS=1312000), ’Jewelry etc. and parts nspf, valued

2Schott (2001) notes that even this highly disaggregated data set is too coarse as there is
wide variation in unit value ratios received by different countries for the same product.



over $.20 per dozen’ (T'S=7403800), and 'Lace or net veils m-m-fib and other
veils orn m-m-fib’ (TS=3720600). For each product we can create a panel
of countries which export the product to the US revealing trade relationships
between the US and the source countries. The ”X”s in the table indicate years
in which each country exports the product to the US. 'Corn, milled, fir for
human consumption’ illustrates typical import patterns. There are countries
that export a product every year, such as Canada and Portugal. This pattern
illustrates a spell of length 17 years. Another dozen or so countries have one
spell. Mexico begins exporting corn in 1974, South Korea in 1976, and Peru
in 1984, and all three service the US market in every year after entry. The
remaining countries with one spell all export corn for just one year.

There are several countries with two spells. The United States imports corn
from Venezuela in every year but 1981. Ecuador exports corn in 1973 and 1974
(the first spell, length 2) and then services the US market for the second time
starting in 1979 and continuing through 1988 (the second spell, length 10). The
Dominican Republic also has two spells, but both of length just one. Colombia
and Italy each have three spells, both starting with two short ones (of length 3
and 1, and 1 and 2, respectively), before entering the US market for the third
time (1981 and 1980, respectively) and staying for the remainder of time. Of
the remaining countries most have very short spells, with the exception of the
Netherlands whose first spell is five years long. However, its remaining four
spells are all just one year long.

Patterns described above and illustrated in the other two products shown in



Table 1 are quite representative of the whole data set. Many trade relationships
are very short. As Table 2 shows, just over a half of all spells are just one year
long. On the opposite side of the spectrum there are only about 1.84 percent of
spells that last 17 years. Almost 80 percent of spells last up to three years.

The high frequency of short spells is observed in relationships that have only
one spell as well as those with two spells, as indicated in Tables 3 and 4. Of the
relationships with one spell, half are observed in only one year and 80 percent in
four or fewer years. In trade relationships that have two spells, over 60 percent
of initial spells are just one year long, while over 50 percent of second spells are
also just one year long. About 37 percent of relationships follow the pattern of
one year of service, exit, and an additional year of service. Another 20 percent
had spell lengths of (1,2) or (2,1).

An additional complication is censoring. This is one of the reasons why
there are so many observations of short spells. There are several flavors to the
censoring issue. First, US Customs is constantly revising and adjusting the
product definitions for the TS and HS codes. As an example, in the early 1970s,
a single product code was sufficient to identify the trade in semiconductors. Over
time too many types of semiconductors were being accounted for by a single code
and the need arose for more codes. Once new codes are introduced, the original
is no longer being used and trade in that product is no longer observed. But,
it is not clear whether this is due to the end of the relationship or because
of the redefinition. Such exits are classified as censored. The interpretation

of a censored spell is then that the relationship lasts at least x years. Trade
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relationships in newly defined products are also censored because it is not known
whether this is truly a new relationship or just redefinition. Such revision of
codes happens annually.

The second issue with censoring is that any relationship observed in 1972
or 1988 is censored. In the corn example in Table 1, Peru exports from 1984
until 1988 signaling the end of the trading relationship. However, 1988 is also
the last year in the data set and it is unknown whether Peru truly ceases to
export corn or this is just a consequence of 1988 being the last year in the data.
Peru could have just as likely continued exporting that same product in 1989,
but that is not observed. It can only be stated that Peru exported corn for at
least five years. Such a spell is said to be right censored. The Netherlands is
observed to export corn from 1972 until 1976 for a total of five years. But, it is
not clear whether the spell begins in 1972 or that this is the first time that it is
under observation since 1972 is the first observable year. This spell is censored
since the Netherlands could have been exporting corn continuously since 1970.
This is also a right censored spell.> About 10 percent of spells are observed in
1972, while about 22 percent are observed in 1989.

A significant number of total spells is censored. About 54 percent of all
spells are censored and about 20 percent of spells are censored at one year. The
number of censored spells decreases as their duration increases.

Table 2 also reports the length of spells in slightly more aggregated data.

3Note that this spell is said to be right censored even though it is the left side of the spell
that is not observed. However, in duration analysis left censoring is defined as knowing that
the subject failed already, before it came under observation.

40nly about 1.84 percent of spells are observed both in 1972 and 1989.
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The second column reports results for data aggregated to the 5-digit TS (TS5)
and the third column reports data aggregated to the 5-digit SITC level. As the
number of observations decreases with each aggregation so does the frequency
of censoring. In TS5 about 43 percent of spells are censored, while in SITC5

about 46 percent are censored.

2.2 Unweighted vs. weighted

It is important to note that these observations are not weighted by the value of
products exchanged in trade relationships. Small and large trade relationships
receive the same weight in calculations. Such an approach indicated that most
trading relationships are very short. A question arises as to how important the
short spells are with respect to the value traded. If it is small compared to
long spells, one could conclude that they do not play an important role. Table
5 compares the unweighted with the weighted distribution of spells. The first
column is simply the first column from Table 2. The second column contains
the distribution of lengths of spells weighted by the total value of trade in all
years of the life of each spell. This presents a radically different picture of trade
relationships. While trade relationships with service lengths of 1,2, or 3 years
account for over 75 percent of all trade relationships, they contain only about
10 percent of the total value of trade. Trade relationships with maximum length
of 17 years account for less than 2 percent of all spells but for almost 28 percent
of total value traded, by far the largest amount for any spell length. Spells of

long duration are large dollar-value. This could indicate that the large number
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of very short spells do not play a big role as far as the value traded is concerned.

That longer spells contain more traded value may not be surprising consid-
ering the following argument. Longer spells have more time to accumulate the
value and grow in size than short spells. The longer is the trade relationship, the
more opportunities those countries have to increase their exports to the United
States, to learn more about the market in which they find themselves. In order
to evaluate this argument, the third column in Table 5 contains the distribution
of lengths of spells weighted by the value of trade contained in the first year
of that spell only. Results indicate that the argument presented holds at least
to a certain extent. Weighting by this scheme increases the trade contained in
short spells and decreases that contained in long spells. Spells of length up to
three years now contain almost 40 percent of trade, as opposed to just 10 when
weighting by total trade. Figure 1 graphs the three distributions, illustrating
the big difference between the unweighted distribution and that weighted by
total trade. The curve representing the distribution weighted by trade in the
first year only is much closer to that of the unweighted one.

Since there is a number of spells that are first observed in 1972 it is not
clear whether the weighting by value of trade in the first year truly is done
containing trade in the first year. The last two columns in Table 5 contain the
unweighted and weighted by first year trade value distributions without spells
that are observed in 1972 (hence, the longest spell is now only 16 years). Figure
2 illustrates the two distributions. Spells up to three years of length account

for 82 percent of spells and half of the value traded in the first year. Spells
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censored at 12 years and longer account for the same proportion of spells and
value traded. These results indicate that the short spells, while seemingly not
very important, are important. They also indicate that countries are increasing
the value of their exports the longer their trade relationship with the US. We

will return to this point later.

3 Modeling Duration

When studying duration of an event use of conventional methods, such as ordi-
nary least squares, is inappropriate, primarily for distributional reasons. While
OLS assumes normal distribution of residuals, time in duration analysis (the
primary object of interest) is rarely distributed normally. Linear regression is
not robust to violations of normality. Instead, duration analysis employs hazard
models to appropriately model duration.

The main object of duration analysis is to study the length of spells until
a certain event, usually a failure event, occurs. The failure event of interest in
this paper is the US ceasing importing a product from a country. In studing
of duration the calendar time is not as important as analysis time, which mea-
sures the length of a spell until failure occurs. The analysis time is set to one
when the United States is observed to have began importing a product from
a country. Analysis time stops when the United States ceases importing that
particular product. For the purposes of this paper multiple spells are treated

as independent. In the case of a trade relationship that has two spells, when
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the first spell ends the analysis time is reset to zero and the clock starts clicking

from zero once the second spell starts.

3.1 Duration models

Duration analysis is also known as survival analysis since it studies the duration
of an event until failure. Let T" be a nonnegative random variable denoting time
to a failure event or survival time. Instead of focusing on cumulative density
and probability density functions of T', F'(t) and f(t) respectively, in duration
analysis the focus is on survival and hazard functions, S(¢) and h(t). The

survival function is defined as the reverse cumulative density

S(t)=1- F(t).

This is the probability of surviving longer than time t. The hazard function
h(t) of survival time T gives the conditional failure rate. It is defined as the
probability that a failure occurs in a small interval of time, conditional on the

subject having survived to the beginning of the interval,

L Pri+ A>T >HT >t)  f(t)
ht) = fim, At G0}

Since time in our analysis is discrete, the relevant expressions are as follows.
Let T be a discrete random variable taking on values ¢;, ¢ = 1,2,...,n with

probability density function p(t;) = Pr(T =t¢;), 1 = 1,2,...,n where t; < t3 <
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- < ty. The survival function for a random variable T is given by

St) =Pr(T >t) =Y p(ti).

ti>t
The hazard function is
p(t;)
hit;,)=Pr(T =t |T>¢t) = ,i1=1,2,...,
( Z) I‘( ‘ - ) S(tlfl) ? n

where S(tp) = 1. The survival and hazard functions are related through the

following expression

Keifer (1988) provides a good survey of duration models, while Hosmer and
Lemeshow (1998), Lancaster (1990), and Lee (1992) provide good introductions

to survival analysis.

3.2 Estimation approaches

The two functions of interest in this paper are the survivor and hazard functions.
The survivor function, S(t), is usually estimated using the Kaplan-Meier prod-
uct limit estimator. Derivation is as follows. Assume a sample contains n inde-
pendent observations denoted (¢;,¢;), i = 1,2, ...,n, where ¢; is the survival time,
while ¢; is the censoring indicator variable C' (taking on a value of 1 if failure

occurred, 0 otherwise) of observation ¢. Assume there are m < n recorded times
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of failure. Denote the rank-ordered survival times as t(1) < t(2) < ... < f(p)-
Let n; denote the number of subjects at risk of failing at ¢;) and let d; denote
the number of observed failures. The Kaplan-Meier estimator of the survival

function is then

with the convention that S (t) = 1if t <t(y). In survival analysis care must be
given as to how observations are censored if censoring exists. The Kaplan-Meier
estimator is robust to censoring and uses information from both censored and
non-censored observations. The standard error of the Kaplan-Meier estimator

is given by Greenwood’s formula

Var(S)} =52() 3 .

it <t

However, when calculating confidence intervals the asymptotic variance of

In[ln —S(t)] is used:

a4
F(t) = T
{3 (i)

The hazard function is estimated by taking the reatio of subjects who die in

a given year to the number of subjects alive in that year,
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4 Survival and Hazard Functions

When performing the analysis with the T'S7 data there is 693,963 observed spells
from which there are 495,763 distinct trade relationships, by which we mean a
country-product pair. This indicates that there is a fair number of multiple
spells for certain relationships. In other words there are trade relationships that
do not die. Rather, they are "suspended” for some time. There are 314,996

failures, meaning that about half the spells end with a failure (0.454).

4.1 Country and Industry Effects

Before estimating the survival function and the hazard rate it is useful to exam-
ine the distribution of survival time. Table 6 shows the distribution of survival
time. The row ”Total” shows the overall distribution of survival time. The
25" percentile of the distribution is one year, meaning that after the first year,
at least 25 percent of the spells fail. The median duration is just four years.
However, 75 percent of spells span the whole data set. This suggests that the
risk of failure is quite high in the early years, but then rapidly falls once a trade
relationship survives a threshold duration.

Table 6 also shows the distribution of survival time across regions and indus-
tries. As one would expect, there are significant differences across both regions
and industries. Among regions, Canada has by far the longest median survival
time, which spans the whole data set. In other words, less than half of the
observations on Canadian trade end in failure.

Asia has the next longest median survival time at nine years, while Western
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Europe has a median survival time of six years. Africa, South America, Middle
East, Eastern Europe, and Oceania have the shortest median survival time of
two years. Among industries, Machinery and Miscellaneous Manufactures have
by far the longest median survival times.

The survival function was estimated using the Kaplan-Meier estimator de-
scribed above. The estimated overall survival function, S (t), is shown in Table
7 together with the 95% confidence interval. The confidence interval is very
tight, which is not surprising given the size of the data set used. S (t) is graphed
in Figure 3. The survival function reveals some interesting information about
the nature of the duration of exporting a product to the US. It is downward
sloping as one would expect with a decreasing slope. This shape indicates that
countries exporting to the US face a big conditional probability of failure in the
early stages of their trade relationship and a smaller one as they are able to
export the product for more years. After a big decrease of the probability of
survival in the first few years, the survival function levels off and decreases very
little. The probability of exporting a product for more than 17 years is 0.4128,
only about seven percentage points lower than the probability of exporting more
than four years.

Such a high probability of exporting a product for more than 17 years might
be a bit surprising given that we observe only about 2 percent of trade relation-
ships lasting that long, as noted above. However, after about four years there
is very little "exit” observed in the data. The spells that do end are almost

entirely censored, which does not drive the survival function.
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The overall survival function suggests that the longer the countries supply
the US markets with a product the higher the likelihood that they will continue
to do so. In this respect, trade exhibits behavior similar to restaurant industries,
where once a restaurant survives the first year, it is likely to remain operating
for a long period of time.

The estimated survival function suggests that the hazard rate should be a
decreasing function. The hazard rate gives the probability of failure in a small
interval of time conditioned on the subject having survived to that point in
time.

Table 7 and Figure 4 confirm that the hazard function is decreasing as ex-
pected. The probability of failing or no longer exporting in the first year is high,
0.3297, it then decreases quickly and approaches 0. In the second year it halves
and in year 4 of the spell it is only 0.0428, while in year 15 it is virtually 0
(0.0016). Both the survival and hazard functions indicate that there is negative
duration dependence in trade, meaning that the conditional probability of fail-
ure decreases as duration increases. This result indicates the presence of a type
of a threshold - countries that are able to survive the first few years exporting
to the US are likely to keep on exporting for a long period of time. It is easier
for countries to maintain their presence in US markets than to enter them.

This pattern holds for both regions and industries, as shown by the esti-
mated survival functions graphed in Figures 5 and 6. The estimated survival
functions are a better indicator of the survival experience than the distribution

of survival time. Canada has the highest survival probability, followed by Asia,
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Western Europe, South America, Middle East, Oceania, and Eastern Europe,
while Africa has the lowest survival probability.

Among industries, Machinery and Miscellaneous Manufactures have the high-
est survivals, followed by Beverages and Tobacco, Manufactured Materials,
Chemicals, Other, Food, Mineral Fuels, and Crude Materials, while Animal
and Vegetable Oils have the lowest probability of survival.

Figure 7 graphs industry survival functions for Canada, Japan, Mexico, and
Saudi Arabia. Note that some of the survival functions illustrate some stylized
facts about the countries illustrated. For Japan and Mexico, countries without
many mineral fuels, the survival function for that industry is among the lowest
ones, while for Saudi Arabia and Canada Mineral Fuels are among the longest
surviving exporting industries. Similarly, Machinery is the best performing
industry for both Canada and Japan, while for Saudi Arabia it has among the

worst performances.

4.2 Homogeneous vs. Differentiated Products

The above results indicate that regardless of which survival functions are esti-
mated, trade is characterized by a decreasing hazard rate. In addition, there
are significant differences across industries and regions of the world.

One would expect the survival experience to depend on product-specific char-
acteristics as well. Trade relationships in homogeneous products (say, corn or
any commodity in general) will be more likely determined by models of perfect

competition. For these products, there may be no inherent reason to buy corn
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from a particular country, leading to short spell. On the other hand, for differ-
entiated products (say, automobiles less than 2,000 pounds) trade relationships
may be better explained by monopolistic competition with love of variety pref-
erences. For these products, trade relationships may be inherently long lived.

Rauch (1999) classifies commodities into three categories: homogeneous (or
what he calls organized exchange), reference priced,” and differentiated. The
classifications were done by consulting a variety of industry guides and trade
journals. While Rauch’s classification was done at the four-digit SITC level and
hence is coarser than the TS7 data used in this analysis, it was concorded to the
data used here. Survival functions for each type of good were then calculated.

Differences between the types of goods are apparent by observing the dis-
tribution of survival time shown in Table 6. While for all three types the 25"
percentile is one year, the median survival time for differentiated goods is 5
years, while only 2 for the other two types of goods. The 75" percentile covers
the whole sample for both differentiated and referenced priced goods, while 12
years for homogeneous products.

The estimated survival functions illustrate the differences even better as
shown by Figure 8. The results provide strong support for the view that the
duration experience depends significantly on the type of the product. Differ-
entiated goods have markedly better survival experience than reference priced

products, which in turn perform better than homogeneous products.

5Reference priced products are neither homogeneous nor differentiated. They are not
traded in organized exchanges and their prices are published in industry guides and trade
journals without the name of the manufacturer.
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4.3 Aggregation Effects

The next question is how the survival probabilities are affected by aggregation.
The data was aggregated to the five digit TSUSA level as well as the five digit
SITC level. Aggregating to the five digit TSUSA level decreases the number
of spells by almost a half (to 362,847) and decreases the number of failures to
204,752. There are now on average 0.564 failures per spell. Aggregating up to
the five digit SITC level cuts the number of spells by more than half relative
to the five digit TSUSA level (to 155,608) and the number of failures drops to
83,343, which is on average 0.536 per spell.

Figure 9 as well as Table 7 show aggregation creates survival experience
that is worse than in the most disaggregated data set. At the five-digit T'S level
the median survival time falls to two years, while at the five digit SITC level
it is at three years. This is a somewhat counterintuitive result as one would
usually expect that as data is aggregated at worst the survival experience will
not change.

There are several explanations for this results. One answer lies in the large
fraction of censored observations present in the data. The following example
illustrates the point. Consider a product that has two TS codes at the seven-
digit level but corresponds to one five-five digit TS code. For instance, at the
TS7 level, the products might be defined as ”1/4 inch ball bearings” and ”1/2
inch ball-bearings,” while at the TS5 level the products might simply be defined
as "ball-bearings”. Suppose further that we observe 1/4 inch ball-bearings from

France being traded from 1975-1980 (but 1980 is censored) and 1/2 inch ball-
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bearings from France being traded from 1977-1982 (but 1977 is censored). At
the TS5 level, ball-bearings from France would be observed from 1975-1982
with no censoring. In this example, the aggregation would worsen the survival
experience since we know of an exact departure.

The second explanation revolves around the number of spells of each duration
and by how much each is (relatively) reduced by aggregation. Table 8 shows
the frequency distribution of spells (without making a distinction for censored
spells) as well as the percentage by which each is reduced due to aggregation.
Note that by aggregating from TS7 to T'S5, 48 percent of spells of length of one
year are lost. But spells of length 2, 3, 4, 5, and 6 years are reduced by an even
greater number. The direct consequence of this is that the survival experience
worsens with aggregation. A similar conclusion is reached by observing the
relative reduction when aggregating from TS7 to SITC5.

The next question of interest is whether the relative survival experience of
regions and industries changes as the data is aggregated. The following approach
was used to investigate this question. The estimated survival functions for
regions were ranked at the median survival time for each data set used. We
then calculate pairwise Spearman rank correlations as well as Kendall’s joint
correlations. This was repeated for industries and countries. The results for
regions and industries are shown in Table 9, while those for countries in Table
10. All correlation coefficients are very close to one and highly statistically
significant, indicating a great deal of agreement among the different rankings.

These results imply that while the absolute survival experience is affected by
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aggregation, the relative experience is not overly affected.

5 Relating Survival Times to the Product Cycle

Theory

What theories are consistent with the observed survival experience of coun-
tries exporting to the US? The most natural explanation for the observation
that countries export a product to the US in an "on and off” pattern is the
product-cycle theory. The patterns are consistent with the notion that there
are Leader and Follower countries, with Leader countries inventing a product
and exporting it first. Follower countries then learn how to produce the product
at a lower cost and start exporting it themselves. The finding that many trade
relationships have multiple spells, that countries export a product at multiple
instances, suggests that either (i) the product cycle is dynamic, that Leader and
Follower countries are involved in a constant catch up, or (ii) country-specific
shocks influence whether a trade relationship continues. With respect to (i),
the notion is that Leader countries either develop new products or improve the
quality of old products and export them again. With respect to (ii), the notion
is that follower countries (which by the time they export are selling a commod-
ity product) export to the US depending upon realizations of country-specific
shocks (e.g., exchange rate).

To get a feel for whether the observed survival experiences might be con-

sistent with the product cycle we compare country rankings from Feenstra and
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Rose (2000) and those derived in this paper. Feenstra and Rose (2000) rank
countries according to the first year they export a product to the US. They find
that the order in which countries first export a product to the US is consistent
with macroeconomic rankings typically associated with technological progress.
In other words, they find that the rankings are consistent with the product cycle.
Table 10 presents rank correlations between the two rankings from Feesntra and
Rose (2000), goods and country based, and the rankings from the three levels of
aggregation from this paper. While the correlations are not as strong as between
the rankings of this paper alone, they are close to one and highly significant.
These results indicate that the survival experience described in this paper is
consistent with the product cycle. However, as Feenstra and Rose (2000) point
out this is not a test of the product cycle hypothesis and there could be different
explanations.

Table 11 shows the two Feenstra and Rose (2000) rankings and the three
rankings from this paper. A glance over the table indicates that they are all
very similar. Another important conclusion is that more developed countries
have longer survival experiences than developing countries. This is observed by
looking at the table, but also from high positive correlations with Feenstra and

Rose (2000) rankings.
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6 Discussion and Future Research

The results of this paper indicate that trade relationships are rather short lived,
having the median survival time of just four years. This result cannot be ne-
glected since these short relationships contain a significant amount of the value
traded. Spells of up to three years in length account for over 80 percent of all
spells and half the value traded in the first year of each spell. There are several
potential explanations of the set of stylized facts outlined in this paper.

A combination of the product cycle theory taking into account product-
specific characteristics seems the best explanation of the observed patterns. The
product cycle theory can explain why there is a fair number of observations of
trade relationships with multiple spells. Leader countries are the first to develop
and export a product. Over time Follower countries adapt the technology and
due to lower costs of production gain a cost advantage and start exporting the
product themselves pushing out the Leaders. The Leaders then either develop a
brand new product or improve the quality of the original product and are able
to export it due to its higher quality.

Homogeneous products, usually traded in perfectly competitive markets, are
expected to have a shorter survival experience. This is primarily due to the
fact that in such markets in any given year the buyer buys from the cheapest
source regardless of who the producer is. Differentiated products are expected to
have longer survival times since they are traded in monopolistically competitive
markets. The combination of different varieties and some market power held by

the producers explains why these products have longer survival times. Both of
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these scenarios are confirmed by the results outlined above.

As pointed out above developed countries have longer survival times than
developing countries. What can account for this observation? How come, if
the product cycle theory holds, that once Follower countries push out Leaders
and export a product they do not have survival times as long as the developed
countries? A combination of the product cycle theory and product-specific char-
acteristics can account for this. When a product is developed and first exported
by Leader countries it is likely sold in a less competitive market since there
are few producers. As developing countries begin to produce and export that
same product, the number of producers increases increasing the competition in
that market. As the competition level increases, market power of each producer
decreases and we can expect to observe shorter survival times.

There are several other explanations for the observed patterns that can be
suggested. One potential model that can provide an explanation is a search
model. The large number of short spells could indicate the search done by US
firms for the best partners in other countries. Considering that there are plenty
of examples of multiple short spells (as noted above), one would like to ask a
question how come once a firm in the US realizes that a company in a particular
country is not good, the US firm goes back to that same country and looks for
a new partner? Why does it not go another country? It seems that the popular
news magazines are full of stories that in cases like these, US firms turn to other
countries for potential partners.

Another explanation could be that the US trades for long periods with coun-
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tries similar to itself (developed) and uses developing countries as a source for
products when the developed ones cannot supply enough to cover the demand.

Observing that the value traded grows with the length of spells can indicate
that exporting firms learn from their experience and are able to increase their
market presence in the US.

Future work should focus on discriminating between these and other po-
tential explanations. Future research along these lines would be well served by
examining the industrial organization literature which has used survival analysis
much more extensively to examine the questions of market entry and exit and
firm dynamics. In particular, Ericson and Pakes (1995, 1998) develop a dynamic
model of market entry and exit with some implications which are observed in
this paper. In particular, firms are more likely to die in the early years of their
lives than later on, as do trade relationships. The size of firms, in terms of sales,
grows with their survival time, as is the case with trade relationships. While
IO models cannot be directly applied to trade data, they should be considered
in future work as a potential starting point.

Future work should examine particular industries in more detail as it ap-
pears that there are more significant differences among industries than among
countries in terms of survival experiences. Different industries are likely to
have different consideration playing important roles. For instance, in textiles
tariffs, quotas, and political economy considerations will be important; in tech-
nologically advanced industries patents are likely to play an important role;

antidumping policies could be more relevant to some industries than others; tax
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policies could be important to some industries. These and other considerations

should be addressed in future work.

7 Conclusion

This paper is the first one to ask the question of how long trade relationships last
and what are the dynamics between relationships of different lengths. This is an
important question as it sheds light on entry and exit in foreign markets. The
results of this paper are not important just for the understanding of dynamics
of international trade, but are also important for policy makers. Different poli-
cies can have important impacts on trade relationships, from creating them to
extending them to ending them. The length of trade relationships adds another
dimension to what policy makers must pay attention to.

The results indicate that most trade relationships are very short (half of
them last only one year) and while they account for only a few percentages of
total trade, they account for much more of trade in the first year of all spells.
About a quarter of relationships end and reappear again after some time and
possibly going through this cycle a few times. The median survival time is just
four years, but there are significant differences across countries and products.
Canada’s median survival time is more than 17 while Africa’s is just two years.
Differentiated products are traded over longer periods than homogeneous prod-
uct, most likely since they are usually traded in monopolistically competitive

markets where suppliers have some degree of market power, unlike homogenous
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products, which are traded in perfectly competitive markets. Trade relation-
ships are most likely to fail in their early stages suggesting a threshold duration
beyond which they are much more likely to remain in place for a long period
of time. It appears it is easier to maintain a market presence than to estab-
lish one. The phenomena outlines are not driven by the highly disaggregated
nature of the data set, as modest aggregation worsens the actual survival ex-
perience. However, the relative survival experience of countries and products
is not affected by aggregation. There is evidence that the product cycle theory
can explain at least some features of the duration of trade as the countries with
longest survival times are those who are the technological leaders.

Future research should focus on establishing a more model based approach
to explaining the patterns of duration of trade, whether through examining the
combination of the product cycle theory and product-specific characteristics,
search models, learning by doing, or some other models. Industrial organization
literature on survival of firms and market entry and exit dynamics offers a

starting point.
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Table 1 - Examples of data
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Table 1 (cont.)

LACE OR NET VEILS M-M FIB AND OTHER VEILS ORN M-M-FIB (3720600)
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Table 1 (cont.)

JEWELRY ETC AND PARTS NSPF, VALUED OVER $.20 PER DOZEN (7403800)
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Table 2 - Percentage distribution of duration times Table 3 - Distribution of single spell trade relationships

Spell Length TS7 TS5 SITC5 Spell Length Percent
1 32.97 39.59 37.09 1 26.54
1+ 20.82 13.99 13.76 1+ 23.53
2 7.09 9.05 8.76 2 3.69
2+ 9.47 5.72 5.38 2+ 11.01
3 2.5 3.47 3.44 3 0.92
3+ 5.95 3.39 3.08 3+ 7.73
4 1.24 1.79 1.73 4 0.39
4+ 5.26 4.24 2.22 4+ 7.95
5 0.63 0.94 0.93 5 0.18
5+ 2.34 2.05 2.33 5+ 2.49
6 0.36 0.56 0.56 6 0.12
6+ 2.15 1.33 1.89 6+ 2.92
7 0.22 0.36 0.34 7 0.07
7+ 1.16 1.28 1.14 7+ 1.26
8 0.14 0.23 0.24 8 0.04
8+ 1.14 1.6 1.49 8+ 1.41
9 0.09 0.16 0.17 9 0.03
9+ 1.37 1.84 1.74 9+ 2.08
10 0.06 0.1 0.12 10 0.02
10+ 0.62 0.83 0.81 10+ 0.80
11 0.04 0.08 0.07 11 0.02
11+ 1.28 0.84 2.23 11+ 1.80
12 0.03 0.05 0.05 12 0.01
12+ 0.27 0.42 0.54 12+ 0.29
13 0.01 0.03 0.03 13 0.00
13+ 0.36 0.6 0.69 13+ 0.42
14 0.01 0.02 0.02 14 0.01
14+ 0.24 0.37 0.52 14+ 0.27
15 0 0.01 0.01 15 0.01
15+ 0.19 0.3 0.44 15+ 0.23
16+ 0.15 0.32 0.4 16+ 0.29
17+ 1.84 4.45 7.79 17+ 3.49

note: a plus sign indicates a censored spell note: a plus sign indicates a censored spell



Table 4 - Duration of trade realtionships with two spells

Spell Length (2nd Spell)

Spell Length 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
1 37.31% 10.38% 3.91% 227% 151% 1.16% 091% 0.66% 0.55% 0.28% 0.44% 0.23% 0.30% 0.29% 0.37% |60.56%
Spell 2 9.37% 3.03% 1.51% 095% 0.62% 0.55% 041% 0.38% 0.16% 0.16% 0.21% 0.14% 0.21% 0.27% 17.98%
Length 3 296% 1.45% 0.69% 043% 0.35% 0.24% 025% 0.11% 011% 0.12% 0.18% 0.14% 0.27% 7.29%
(1st 4 1.60% 0.75% 0.38% 0.26% 0.24% 0.22% 0.09% 0.10% 0.06% 0.08% 0.21% 0.18% 4.17%
Spell) 5 0.98% 0.64% 043% 023% 0.21% 0.07% 0.11% 0.08% 0.08% 0.12% 0.88% 3.84%
6 0.62% 0.35% 0.19% 0.10% 0.07% 0.04% 0.05% 0.04% 0.04% 0.10% 1.61%
7 045% 0.19% 0.17% 0.05% 0.05% 0.04% 0.05% 0.06% 0.11% 1.17%
8 0.30% 0.19% 0.06% 0.06% 0.05% 0.05% 0.05% 0.13% 0.88%
9 0.23% 0.09% 0.07% 0.03% 0.03% 0.05% 0.11% 0.60%
10 0.13% 0.11% 0.04% 0.04% 0.04% 0.08% 0.45%
11 0.11% 0.06% 0.05% 0.05% 0.08% 0.35%
12 0.09% 0.06% 0.06% 0.05% 0.27%
13 0.11% 0.11% 0.16% 0.39%
14 0.13% 0.16% 0.29%
15 0.17% 0.17%
Total | 54.56% 17.58% 7.71% 4.51% 3.25% 2.50% 2.02% 1.55% 1.12% 0.86% 1.91% 0.70% 0.79% 0.56% 0.37% | 100%




Table 5 - Distribution Comparison

All spells No 1972
Spell Spell Length Value of Trade Value of Trade in First Spell Length Value of Trade in First
Length Distribution  Distribution Year Distribution Distribution Year Distribution
1 32.97 0.30 2.93 36.69 3.97
1+ 20.82 1.06 9.58 20.19 11.61
2 7.09 0.23 1.06 7.89 1.44
2+ 9.47 3.99 16.31 9.16 20.87
3 2.50 0.21 0.56 2.78 0.76
3+ 5.95 4.43 9.46 5.77 11.41
4 1.24 0.20 0.35 1.38 0.47
4+ 5.26 6.10 10.00 5.24 11.39
5 0.63 0.15 0.23 0.70 0.31
5+ 2.34 410 5.35 1.90 4.75
6 0.36 0.13 0.16 0.40 0.22
6+ 215 5.62 8.62 1.18 2.67
7 0.22 0.05 0.04 0.24 0.06
7+ 1.16 3.21 2.66 1.11 3.29
8 0.14 0.90 0.54 0.16 0.73
8+ 1.14 4.28 3.79 0.87 2.06
9 0.09 0.07 0.03 0.10 0.03
9+ 1.37 10.30 6.39 1.38 8.37
10 0.06 0.02 0.01 0.06 0.01
10+ 0.62 2.28 1.02 0.46 0.87
11 0.04 0.04 0.03 0.04 0.03
11+ 1.28 12.50 6.69 1.33 8.74
12 0.03 0.03 0.01 0.03 0.01
12+ 0.27 5.80 3.98 0.24 497
13 0.01 0.01 0.00 0.02 0.00
13+ 0.36 2.08 0.57 0.24 0.40
14 0.01 0.01 0.00 0.01 0.00
14+ 0.24 1.62 0.58 0.16 0.22
15 0.00 0.02 0.00 0.00 0.00
15+ 0.19 0.65 0.28 0.13 0.22
16+ 0.15 2.05 0.17 0.14 0.10
17+ 1.84 27.57 8.59

note: a plus sign indicates a censored spell



Table 6 - Distribution of survival time

TS7 TS5 SITC5
Percentiles of distribution 25% 50% 75% 25% 50% 75% 25% 50% 75%
Total 1 4 1 2 1 3
Regions
Other 1 1 2 1 1 2 1 1 2
Africa 1 2 6 1 1 5 1 2 7
Canada 2 . 1 8 . )
South America 1 2 1 2 1 2
Asia 1 9 1 3 . 1 3
Middle East 1 2 1 2 12 1 2
Western Europe 1 6 1 3 . 1 11
Eastern Europe 1 2 1 2 10 1 2
Oceania 1 2 1 2 1 2
SITC rev 2 1-digit industries
0-Food 1 2 1 2 1 2
1-Beverages/Tobacco 1 3 . 1 3 . 1 3
2-Crude Materials 1 2 9 1 2 7 1 2
3-Mineral Fuels 1 2 . 1 2 13 1 2 .
4-Animal and Vegetable Oils 1 2 7 1 2 6 1 2 10
5-Chemicals 1 3 1 2 1 2
6-Manufactured Materials 1 3 1 2 1 3
7-Machinery 1 . 1 3 1 3
8-Miscellaneous Manufactures 1 11 1 3 1 4
9-Other 1 2 1 2 1 4
Rauch product classification
Differentiated 1 5 1 3 1 3
Reference priced 1 2 1 2 . 1 2
Homogeneous 1 2 12 1 2 10 1 2



