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This paper aims to contribute to the study of export and import prod-
uct discoveries by examining the definitions of trading samples and discoveries. It
first looks at the definition of what constitutes a ‘trading sample’ by contrasting the
results of applying the traditional dollar threshold (at $0, $10,000 and $100,000),
four relative criteria (based on value and quantity) and two composite relative criteria
(using both value and quantity). The nine examined definitions differ substantially
both in the number of flows they tag as samples and in the individual flows they
tag as samples. Second, a definition of ‘product discovery” — similar to that used in
Klinger & Lederman (2011) and Cadot et al. (2011) but allowing for a flexible middle
window (the sending samples phase) — is presented and some of its potential ben-
efits are discussed. The three examined definitions of discovery differ substantially in
the flows they tag as discoveries. Despite the embedded flexibility in the proposed
definition, in the majority of discovery episodes, for both exports and imports, prod-
ucts jump straight to established product status within less than a year. This result is
robust across the nine examined definitions of trading samples, and could be linked
to models such as Rauch & Watson (2003) and the empirical findings in Besede$ &
Prusa (2006). The analysis is conducted at the bilateral level, using UN Comtrade data
covering 1996-2012, at the 6-digit HS’1996 product level.
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Introduction

A strand of recent literature analyzes international trade via its extensive
and intensive margins, i.e. whether growth happens within the same prod-
ucts or through the discovery (and the subsequent survival or disappear-
ance) of new products. This paper is linked to the empirical work aimed at
establishing stylized facts that are, at a later stage, examined and explained
by a formal theoretical model. The aim is to contribute by (i) underlining the
importance of how we define small trade flows, or ‘trading samples’, and
(i) by offering a definition of discovery that allows for more flexibility than
the ones currently employed in the literature and thus helping enhance the
understanding the dynamics of innovation implied by the emergence of
new products in a country’s export basket. Both issues are directly relevant
to policymakers contemplating diversification opportunities. Considering
the substantially different results produced by applying the approaches cur-
rently available in the literature — such as Klinger & Lederman (2011) and
Cadot et al. (2011) — and the more general method described in this paper,
there are potentially important implications in distilling the vast amounts
of trade data into stylized facts and the subsequent analysis and policy
formulation.

The analysis of product discoveries typically employs a base-line period
(window 1), a second window during which some magic happens and a
discovery is made, and a third window, during which it is verified whether
the product has emerged as an established product or has failed to. While
the literature often does not explicitly discuss the technical details on the
construction of windows, it seems that the common practice is to employ
fixed windows along at least one of the three main dimensions (starting
point, ending point, and duration). This is unnecessarily restrictive, as it
implies that discoveries in all possible commodities, and among all pos-
sible trading country pairs, follow the same temporal paths — something
that is difficult to justify. This paper offers a more flexible approach, which
(a) allows the middle window to be of variable length, within user-defined
limits, and (b) allows for an interleaved discovery processes, instead of
opting for waves of a fixed window structure whenever data is available
over a longer period of time. The flexibility is applied at the lowest level
of data availability (reporter-partner-commodity), making it possible for a
single commodity to be ‘discovered’ several times within the same trading
country pair, and to have different length of window 2 for each of the
discovery episodes.



Some of the definitions of export discovery in the literature allow for the
product to be exported as ‘samples’ before emerging as an established
product but to the best of the author’s knowledge there has been no sys-
tematic effort in defining what constitutes a trading sample. The current
practice in the literature is to set a threshold dollar value, usually without
formal justification, and to label all trade flows below this threshold value
‘samples’. Similarly to the fixed windows structure, this is overly restric-
tive — the thresholds may well be different for different products within
the same analysis. For example, consider the model developed in Rauch
& Watson (2003). They model the decision of a developed-country buyer
considering buying from unknown less-developed-country suppliers — the
buyer may choose to place the full order (and face a potential loss if the
supplier does not perform to expectations), or start with placing small
orders until sufficient knowledge of the partner is accumulated. Since the
size of the small orders is linked to the cost of training the supplier and the
size of the full order, it is to be expected that what is considered a small
order (or a sample in the terminology of the export discoveries literature) is
dependent on both the trading partner and the product.

The discussion in the paper is not linked to any of the many theoretical
models but most of the arguments are applicable in cases where the
model allows for small vs large flows and existing vs new products. These
include both models where the dynamics are generated on the produc-
tion side (heterogeneous firms, multi-product firms) or on the demand side
(searching for a dependable partner). In both cases the proper formulation
of ‘small flows’, or samples, at the stylized facts phase of the analysis is
important.

The proposed definition of discovery could be applied in establishing and
classifying a set of ‘patterns’ in the discovery episodes — whether certain
products for example require more years of sending samples, whether the
length of the samples phase is dependent on the source and the destination
of the flow (i.e. do north-north, north-south, south-south, and south-north
flows require systematically different samples phases), whether the length
of the samples phase is linked to the subsequent ‘stability” of the flow, etc.
One potential use of such set of patterns is illustrated in section 3.6, where
the results generated by the approach employed in this paper relate to
the well-known results in Besede$ & Prusa (2006) on the relatively short
median duration of trade flows. Another possible use would be to combine
the set of frequently-observed patterns with the ‘product space’ approach
offered by Hidalgo et al. (2007). The product space reflects the typical
connections between products, allowing the construction of a set of prod-



ucts that are close to the country’s capabilities. This information can be
combined with the set of typical discovery patterns (since moving to a new
product will constitute a discovery), i.e. will allow to estimate the expected
speed of the new product becoming an economically important flow.

The paper is structured as follows. Section 1 describes the dataset used in
the analysis and the necessary adjustments that must be made prior to the
analysis. Section 2 discusses the issue of defining what would constitute a
trading sample, and provides quantitative comparison of the results applied
to both exports and imports flows. Section 3 describes the need for a more
flexible definition of what constitutes a new product discovery, presents
the proposed definition with a flexible middle window, and provides a
comparison to two of the approaches used in the literature. Section 4 moti-
vates the need for further discussion on the topic and concludes.

1. Data

This paper uses UN Comtrade data on annual export and import flows
over 1996-2012. The data is at the 6-digit commodity level, using the 1996
version of the HS nomenclature. Commodity aggregates and “UN special”
codes have been removed, leaving a total of 5,111 commodities. Economy
aggregates (‘n.e.s.” entries and similar) have also been removed, as they do
not represent economic entities and cannot be matched to country statis-
tics. The data contains dollar value and quantity information, both in kilo-
grams and in supplementary quantity units. A single quantity indicator was
constructed, giving preference to the supplementary quantity units. Where
supplementary units were not available in the original data (not reported
or reported as zero), net weight in kg was used instead. About 1 percent of
the total number of flows have no quantity information reported. In about
1.6 percent of the flows the value for quantity is reported as zero, which is
considered to be unrealistic and has been treated as ‘not available’.

An important aspect of UN Comtrade data is that different countries use
different rules regarding the minimum size of flows that are reported. In
1996 and 2006 about 37 percent of national customs organizations used
a threshold value below which the flow was not reported.' This issue is
very important because it leads to bias in the discovery counts both across
countries and across time, regardless of the definition of trading sample or
product discovery used. Given the available information, there seems to

! See question 32 (1996 survey) and questions 9.01 and 9.02 (2006 survey) in the International
Merchandise Trade Statistics National Compilation and Reporting Practices Survey Results 2006 and
1996.


http://unstats.un.org/unsd/tradereport/introduction_MM.asp
http://unstats.un.org/unsd/tradereport/introduction_MM.asp
http://unstats.un.org/unsd/tradereport/introduction_MM.asp

be no objective way to distinguish between a flow which is genuinely new
(i.e. did not exist before) from a flow which had previously existed but was
not reported, or even a consistent source listing which countries used what
thresholds in which years.

The issue is probably most visible in the case of Poland. Prior to 2004, there
are no flows below $50,000 in the dataset. Starting in 2004, the threshold
was apparently dropped, and there are flows with reported value as low as
$1. Between 2003 and 2004 Poland’s exports in the dataset grew by 39.8
percent in terms of dollar value and by 273 percent in terms of number of
flows. The sum total of export flows which were below $50,000 in 2004
was just 0.78 percent of total export value but accounted for 67.8 percent
of the number of flows. For Poland 2004 was not a ‘normal’ year — it joined
the European Union on 1 May 2004 — and a boost to exports and export
discovery activity is to be expected but likely not in such extreme amounts
in terms of number of new flows.

In an attempt to mitigate the spurious emergence of false discoveries, flows
with dollar value of $2500 and below have been removed from the dataset.
This threshold is the one apparently applied by the USA, and is the second-
highest after Poland.” This decision is costly in terms of number of data
points but not so much in terms of total value of flows — between 10 and
25 percent of the number of export flows are eliminated each year but
they account for less than 0.2 percent of the respective year’s world trade
in terms of total dollar value. Ultimately we’re left with a dataset of slightly
over 68 million exports and 69 million imports flows, covering 5,111 prod-
ucts, 187 reporter and 234 partner economies, over 1996-2012. Quantity
data is missing in about 1.7 million of both the exports and imports flows,
incl. cases where the zero quantity entries were replaced by missing data.

2. What Constitutes a ‘Trading Sample’

For the purposes of research similar to this paper, ‘trading samples’ are
implicitly taken to mean any flows that test a new market, i.e. flows before
a product can be treated as established.

The traditional approach in the empirical literature seems to be to choose
an arbitrary (dollar) value that, in the respective author’s opinion, cor-
responds to the research question they pose, and to treat all flows with
a value below that threshold as samples. Influential papers like Helpman

% Poland still remains an issue in 2004 — this threshold removes only about half of the sub-$50,000
flows in 2004, meaning there remain about 34 thousand flows (of value between $2500 and
$50,000) which are reported in 2004 but could not have been reported in 2003.



et al. (2008) and Hummels & Klenow (2005) do not use thresholds at
all. Evenett & Venables (2002) use five threshold levels between 0 and
500,000 US dollars, with the intention to “reduce the likelihood of mis-
classified imports or economically unimportant levels of imports distorting
the analysis”,” and most often report for a threshold of 50,000 US dollars.
Klinger & Lederman (2011) use a threshold of 10,000 US dollars per year
but provide no details on how the value was chosen. Cadot et al. (2011)
use no threshold at all and explicitly discuss that using a threshold depends
on whether the researcher is interested in the overall searching process
of companies attempting to enter new markets (no threshold, so that all
attempts, including subsequent failures, are captured), or just the success-
ful discovery attempts (flows that eventually matured, i.e. ended up above
the threshold). Agosin & Bravo-Ortega (2009) examine a more focused
question (success stories in Chile), and as such impose a high threshold —
one million dollars in 2000 constant prices.

While such definitions may seem intuitive in the concrete cases, as long
as data is available,” there is little reason to support (a) choosing dollar
value as the relevant metric, as opposed to physical quantity, unit value
or some other characteristic, and (b) fixing the same value for all products
and trading economies. There is no clear alternative, and there are many
approaches that could prove useful in certain scenarios. For example, one
could argue that, with respect to samples, a quantity-based measure would
be better than dollar value, as different companies (or customs administra-
tions) may have different accounting policies to determine the reported
dollar value of the samples, but the physical quantity units should be more
uniform.” Another possibility is to look, at the individual flow level, for step-
like dynamics in dollar value, quantity or unit value, with jumping to a
plateau signifying the transition from samples to established product. Or
one may look for clustering of data points. In short, the possibilities are
numerous.

? Evenett & Venables (2002), p. 7.

* 1t should be recognized that detailed trade data availability is a fairly recent phenomenon in eco-
nomics, and a substantial portion of the literature originated before that.

5 Of course, this assumes the available quantity information is of good quality, which is often not the
case. An example of present but unrealistic quantity information is the exports of product 870210
“Motor vehicles for the transport of ten or more persons, including the driver; With compression-
ignition internal combustion piston engine (diesel or semi-diesel)” by Jordan to Iraqg. In 2001 the
dollar value was $17m, but quantity was reported as 284kg — a clearly unrealistic weight for even a
single passenger motor vehicle carrying ten or more persons.



2.1. Alternative Definitions of ‘Trading Sample’

This section of the paper tests several definitions of what constitutes a trad-
ing sample.® First is the standard approach, with three dollar values for the
fixed threshold — no explicit threshold (labeled s0), which is equivalent
to a threshold of $2500, since flows below $2500 were removed, as dis-
cussed in section 1, and thresholds of $10,000 and $100,000, labeled s10
and s100 respectively.”? Second, a set of four relative criteria are used,
separately based on value and on quantity. Definitions labeled q1 and v1
consider a flow as a sample if it falls, in terms of quantity or dollar value
respectively, in the lowest percentile of all flows of the same commodity,’
across all years and all trading pairs. Definitions q5 and v5 are the same
but consider the bottom five percentiles as flows of samples. Lastly, two
composite criteria, ¢l and ¢5, are constructed which require that both q1
and vl (for e¢1) and ¢5 and v5 (for ¢5) tag a flow as a sample to consider it
as such.

Table A.1 and Table A.2 in Appendix A provide information how the results
of the application of the different definitions of ‘sample’ stack against each
other, for exports and imports respectively. The alternative definitions of
‘sample’ were applied to all flows in the database, and each flow was clas-
sified as a trading sample or as an established product. Each 2x2 block in
the table compares the result of two criteria — in how many cases they
agree on the classification (both produce a ‘sample’ or both produce an
‘established product’), and in how many they produce opposite results (the

® Outside of those intended to mimic the approaches in the literature, the examined definitions and
the respective threshold values were largely selected only considering what type of information is
available in the dataset (value and physical quantity), and should be seen as proof-of-concept exam-
ples rather than something with firm theoretic background.

7 Again, because all flows below $2500 have been removed, a flow is defined as a sample if its value
is between $2500 and $10,000, respectively $100,000. This consideration applies to all value-based
definitions.

¥ Note that the 510 threshold is not equivalent to the threshold used by Klinger & Lederman (2011) —
the dollar value is the same but is being applied at the bilateral level here, as opposed to aggregate
exports in their paper.

? Comtrade provides quantity measures in net weight (kg) for all products, as well as a supplemen-
tary quantity unit which differs among products, and often even within products. As described in
the data section, supplementary quantities were used where available, as they are more ‘natural’.
Percentiles were calculated on a (commodity, supplementary unit) pair basis. Each pair comprises all
trade flows for a given product, across all years and all partners, whenever the same supplementary
quantity was used in the reporting. A commodity reported in different supplementary units by differ-
ent countries is taken to be different products for the sake of tagging samples. Thus, there are 5,111
individual commodities in the HS'1996 classification, but in the calculation of the relative thresholds
there are 13,531 (commodity, supplementary quantity unit) pairs. This may introduce some bias as
the decisions of different customs administrations to use different supplementary units are unlikely
to be random in nature, but the alternative — using only net weight in kg — seems even more biased.



flow is classified as a sample by one of the criteria, and as an established
product by the other).

There are two important results. First, the two sets of relative criteria (q1
and ¢5, and v1 and v5) produce substantially fewer samples than using a
fixed threshold, at the chosen thresholds. For example, the definition s10
tags 14,499,631 flows as samples, while v5 only tags 3,407,133. Most of
the flows tagged as a sample by v5 are also tagged by s10 though, indicat-
ing that flows that are in the bottom 5 percentiles tend not to exceed
$10,000 in value. The issue, however, is in the remaining circa 11m flows
that are tagged as samples using the $10,000 fixed dollar threshold but
are not in the bottom 5 percentiles — these could be low-value flows in
industries where low-value flows are the norm rather than an expression of
search activity. Under the s10 definition, such flows would never mature
into established-level products. Whether a bilateral-level flow of less than
$10,000 per year should be seen as a mature product of sufficiently high
economic importance depends on the concrete case and the research
question.'® Among other considerations, the scope of the individual leaf
elements in the HS nomenclature varies substantially, with some product
definitions being more detailed (i.e. restrictive) than others.

Reconciling this issue would require either lowering the dollar amount of
the fixed thresholds or increasing the relative cutoff point. To get a number
of flows tagged as samples by the value-based relative definition broadly
similar to those by s10 would require defining the bottom 20-25 percen-
tiles of the flows by value as samples. For exports, setting the cutoff at
the 20th percentile yields 13,643,609 flows tagged as samples, vs. the
14,499,631 tagged by s10. The two definitions are much closer — they
agree in 12,264,384 cases and disagree in 3,614,472 — but it is not clear
whether a full one-fifth of the value distribution of the flows should be
considered to be samples. Conversely, lowering the fixed dollar threshold
would negatively impact the economic importance of those flows.

The second important result is that the disagreement between the different
definitions is usually substantial, meaning that even if the alternative defini-
tions tag a similar number of flows as samples, these are usually different
flows. This is most visible when comparing the quantity-based to the value-
based definitions — for exports, q5 tags 3,006,594 flows as samples and v5
tags 3,407,133. The overlap is just 995,451 flows though, and the defini-

1% While the amount may seem small from the point of view of a developed-country business, the
situation in a developing country may well be dramatically different. For example, analyzing Rwan-
da’s export diversification, Chandra et al. (2007) (p. 161) conclude that “Each US$1000 increment
of a non-traditional export is a precious achievement.”



tions disagree on over 4.3 million flows. One possible explanation is that,
if the analysis is carried out on the basis of dollar value alone, one cannot
distinguish between flows of differing qualities within the same commod-
ity — a flow may be an established product of low quality, hence low unit
value, and even though it is being exported in sufficiently high quantities, it
may remain under the value-based definition of ‘established product” and
never be tagged as one (a false negative). Similarly, it would be possible
that sending out just a few samples of an expensive variety causes the flow
to erroneously reach maturity status (a false positive).

Definition s100 is an interesting case — it classifies more flows as samples
(about 41-42m, for both exports and imports) than as established products
(about 27m). Considering that a large number of small (sub-$2500) flows
have already been removed from the dataset as discussed in section 1, this
should probably be interpreted that setting a fixed threshold of $100,000
pushes a very high share of international trade in the realm of search activ-
ity rather than established product trade — a result that might be too strong
for most general research efforts. This serves to underscore a tentative
conclusion based on the considerations above — the choice of a definition
of what constitutes a sample is important and should be tailored to the
concrete research question and the theoretical basis.

2.2. Transition between States
(no trade, sample and established product)

Another way to compare the definitions is to look at the probabilities for a
given flow to transition from one state to another state in the subsequent
period (the transition matrices) for the different definitions. The different
sample definitions imply three possible states'' in which a flow can be —
non-existent state (0), sample state (s), or established product state (X).

As highlighted by Helpman et al. (2008), there is no trade between a signifi-
cant share of all possible pairs of economies, esp. when looking at a very
disaggregated product level, but those ‘zeroes’ carry important informa-
tion. Generating the full set of relationships covering all possible country
pairs for all commodities, however, is technically difficult to handle —
234 economies trading with 233 potential partners in 5,111 products over
17 years yields over 4.7 billion data points. To simplify the problem, this
paper assumes that relationships (at the reporter-partner-commodity level)
that never see realization in all years in the dataset have no economic
meaning when estimating transition probabilities, since their state never

! Definition s0 only has the non-existent flow (state o) and established product (state X) states.



changes. Including them in the analysis would just inflate the probability for
a non-existent flow to remain non-existent.

Therefore estimates of the transition probabilities was carried out with only
those bilateral trade relationships, at the 6-digit product level, where there
have been exports, resp. imports, in at least one year during 1996-2012,
i.e. where there has been at least one transition from one state to another.
It is done in a naive way — by creating a list of the states in all adjacent
years and then counting the frequencies with which each possible pair of
states occurs. No attempt has been made to include the prior history in the
relationship, or to estimate what happens at the truncation points (the start
and end of the period covered in the dataset).

The estimates of the transition probabilities for both the exports and
imports flows at the level of the whole world"* and for select countries are
presented in Appendix B. Except for s100, which is again an outlier, several
interesting observations can be made for the world-level flows.

First, both the non-existing-flow state (when a product is not traded) and the
established-product state are quite stable, both in terms of high probability
to remain in the same state and across the different definitions of what is
a sample. The probability for a non-existing flow to remain non-existing in
the subsequent period is about 86 percent in all cases, and as expected is
constant across the definitions. The probability of an established product to
remain so varies in a very narrow range, from 74 to 79 percent.

Second, the trading-sample state s, whatever the definition except s100, is
not stable — a flow that is classified as a sample in the current period has
a (usually substantially) higher probability to become extinct (go to state
0) or to become an established product (go to state X) in the subsequent
period than to remain a sample. This is to be expected — samples by defini-
tion are an expression of search activity and over time should either disap-
pear or mature into an established product — but the speed with which
this happens may be a little surprising (more than half of sample flows are
expected to disappear each year).

Third, samples are typically about two times more likely to disappear than
to become established products. The probability of not being exported
in the subsequent period is typically in the range of 0.50-0.65, and the
probability to mature to an established product is never higher than 0.37.
This result can be linked to the findings in Besede$ & Prusa (2006) — since
it is trade flows in samples that disappear quickly, the observed low median

" Here ‘world’ is defined as a list of all countries in the dataset, i.e. the transition probabilities have
been estimated on all available bilateral flows, not on some sort of world aggregate.



duration and high mortality rates in the early years of trade flows is logi-
cal. Once a relationship matures into an established product, it is likely to
survive substantially longer. The result is also in line with the theoretical
model of Rauch & Watson (2003).

Fourth, when using the relative and the composite definitions of what con-
stitutes a trading sample, flows that have just emerged are typically more
likely to jump straight to established-product status than to be traded as
a sample. The probability to transition from state o to state X is usually at
least an order of magnitude higher than the probability to go from o to s.
This is not the case for the fixed-dollar-value thresholds.

Definition s100 again is an outlier. Under it non-existent flows and estab-
lished products are stable, as in the other definitions. The transition prob-
abilities of samples, however, are markedly different — there is a 0.5313
probability that a sample export flow will remain a sample, a 0.3654 prob-
ability that the flow will disappear, and a probability of just 0.1033 that
an export sample will emerge as an established product. The probabilities
in the imports flows are similar. These estimates are at odds with basic
economic logic. Samples are supposed to reflect search activity — to either
succeed or fail — not to remain stable. This contradiction is an indication
that anixed threshold of $100,000 is too high when working at the bilateral
level.

The observations above are for flows at the world level, where there is
little expected difference between exports and imports flows — differences
would come from differing reporting times and/or reporting requirements
(f.o.b. or c.i.f.). Consequently the estimated probabilities for exports and
imports are essentially the same. This does not apply at the economy level,
as illustrated in the other tables in Appendix B.

Overall, the differences in the results of applying the alternative definitions
of trading sample to the same dataset underlines the need to use a defini-
tion appropriate to the research question and its theoretical foundation.
Additionally, sending samples to a potential partner is a micro phenom-
enon — it is firms that trade, not economies. Trade flows observed at the
economy level are aggregates and may well depend on the size of the
reporter and/or the partner economy or have other aggregation specifics
when going from micro to the macro level.

" 1f similar results were obtained in the other definitions of trading sample, another explanation
would be that samples take longer than one period to either disappear or mature into established
products.



2.3. Defining Samples: an Look at Bulgaria

The implications of using different definitions of what constitutes a trad-
ing sample are well illustrated when looking at country-level data. Let’s
assume a hypothetical policymaker is interested in stimulating export diver-
sification.'* The economic literature offers a range of options, from export
promotion (marketing and facilitating the search for partners), to mitigation
of transportation costs and domestic barriers. In a setting of scarce public
resources, some indication would be needed where to focus the attention,
and the estimated transition probabilities offer a starting point.

One could start with the definition that does not allow for samples at all, s0,
which says that there is a probability of 0.1172 for a new flow to emerge
within the next period (Table B.2). The hypothetical policymaker would
then be interested in distinguishing established-product flows from search
activity. The distinction is important both from the point of view of value
of trade and volatility of trade flows. This is where the differences in the
definitions of what constitutes a trading sample become apparent. If we
take the s10 definition, we would conclude that the share of new exporting
relationships that are able to find partners quickly (i.e. jump straight to
established-product exports in the subsequent period) is very close to the
share of those that need sending out samples — the probability for a new
flow to emerge as an established product is 0.0616 vs. 0.0556 to emerge
as a sample. Were we to adopt one of the relative definitions, however,
this is no longer the case — for example, under v1, and with the rest of the
relative definitions providing similar conclusions, the probability of a new
flow emerging as an established product is more than an order of magni-
tude higher (0.1138 vs. 0.0034). This latter set of probabilities indicates
that likely local businesses face little constraints in their ability to locate
partners and quickly establish a relationship. Thus, as a first approximation,
the focus would go to measures lowering domestic trading costs rather
than trade promotion abroad.

Similarly, looking at the stability of existing established products — the
probability for an established-product flow to remain so is about two
thirds (between 0.6447 and 0.6611) for all definitions except s100. What
happens to the other one third — the ones that drop back to samples or
disappear altogether — is quite a different story, though, depending on
the definition. According to definition s10, 26.08 percent disappear, and

" Export diversification may happen at the intensive margin (equalizing shares of existing exports) or
the extensive margin (new products). This is further discussed in section 3.1. Also, see for example
Dennis & Shepherd (2011), Persson (2010) and Feenstra & Ma (2014) on the link between trade
facilitation and diversification.



7.81 percent drop from established-product status to trading-sample status.
This dynamic is difficult to explain. At the micro level, it is plausible — an
exporter’s existing flow may be disrupted for whatever reason, and drop
to zero. The exporter would naturally start looking for new partners, and
will send out samples, so the observed exports flow would drop from
established-product level to samples level. At the aggregate level, however,
for a flow to drop from established-product level to samples level would
require either that there is a single exporter who has lost a previous part-
ner and is now seeking new partners by sending out samples, or that the
cutting off of existing established-product relationships happened to all
exporters simultaneously (and there are just a few exporters). Even in the
simplest case with only two exporters which initially trade at established-
product levels, if one were to suffer a disruption of the trade flow, the other
exporter’s flow would be sufficient to keep the aggregate export level at
established-product levels.

The relative definitions of trading sample offer a more plausible story — the
probabilities for an established product flow to drop back to samples level
rather than to zero is very small, peaking at 2.2 percent in the case of v5.

3. Identifying Export Discoveries

This section outlines the approach to identifying product discoveries used
in the literature, and describes a proposed extension. Most of the literature
focuses on export products only or treats imports as a source of interme-
diate inputs but the same approach can be applied to import flows and
to intra-industry trade (two-way flows) as well. For ease of presentation,
the exposition here talks about export discoveries. Application to imports
and two-way flows is straightforward - the former is essentially identical to
exports and the latter would just require more possible states, i.e. would for
example have to include states like ‘exports at an established-product level,
imports at samples level’.

3.1. Extensive and Intensive Margins
in International Trade

There is no single, universally accepted definition of extensive and inten-
sive margins in the literature. Besede$ & Prusa (2011) discuss some of the
approaches in the context of getting to a definition of what constitutes a
‘trade relationship’. Some authors define it at the product level alone (e.g.
the emergence of a new product in an economy’s exports basket, irrespec-



tive of partners). Others define it at the country level, e.g. the emergence
of a new partner country. The third approach is to go lower, at the country-
product level, i.e. discoveries to be defined as any of (a) exporting a ‘new’
product to a ‘new’ partner, (b) exporting an ‘old” product to a ‘'new’ partner
or (c) exporting a ‘new’ product to an ‘old’ partner. This reporter-partner-
commodity level definition is used in this paper. More formally, using the
labels from Comtrade, a trade relationship is a triplet (reporter, partner,
commodity), for any given year. This definition assumes that there are at
least two groups of factors influencing the emergence of a discovery (and
trade in general) — domestic factors, which affect the production side (the
ability of the reporting economy to manufacture the product and bring it
to market) and market factors at the partner economy, which affect the
demand for the product.

For a discovery to emerge, we must have both the ability of the reporter
to manufacture the product and the existence of demand at the partner
economy for this product. The discovery event may be related to any of the
steps in the process, from originally developing the product and/or master-
ing the production process to discovering or creating foreign demand for it
(in each individual partner economy) and actually shipping the product to
the destination. Thus exporting the same product (which may have been
produced for domestic consumption for some time before being exported)
for the first time or to a new partner-economy involves some element of
discovery. In other words, as Klinger & Lederman (2006) put it, a ‘discov-
ery’ may happen within the production possibility frontier and does not
necessarily imply pushing the production possibility frontier outwards.

3.2. Identification of Export Discoveries: Overview

The identification of an export product discovery usually involves estab-
lishing an identification procedure, possibly with a filter for ‘suspicious’
cases. Klinger & Lederman (2004) and Klinger & Lederman (2011) look
at the introduction of new export products as an aspect of economic
development and diversification, using data covering a ten-year period
(1994-2003). Their identification of an export product discovery (defined
as the successful export of a product by an economy that had not exported
it before) requires three periods:"

1) A baseline period, during which there are no exports of the product.
The length of this window is 3 years (1994-1996).

!> This description is based on Klinger & Lederman (2011). Their earlier working paper uses a more
restrictive but fundamentally similar approach — a product is considered to be a discovery if exports
were less than $10,000 at the beginning of the period but above $1,000,000 at the end.



2) A second period, during which something happens and the product is
‘discovered’. For the purpose of the identification it is not necessary to
know what and how caused the discovery to emerge. The length of this
window is 5 years (1997-2001). A product can emerge as a discovery
in any year within this period.

3) A third window (2002-2003), in which the product is confirmed to
be established, i.e. it is being exported in values above a predefined
threshold (export value of $10,000). Exports below the threshold
are considered trading samples. The length of this window is 2 years
(2002-2003).

Let’s label this approach KL."®

Besede$ & Prusa (2006) look at the survival rates of trade flows (in a
number of datasets). Even though they do not formally define and analyze
discoveries, in the context of their analysis a discovery is simply a product
which has not been traded in the previous period — substantially more
relaxed that the approach in KL.

Cadot et al. (2011) provide a different classification method, hereafter
labeled as CS. A product is identified as a discovery (in the current year) if it
has not been exported for the two preceding years, and has been exported
in any value, however small, in each of the two subsequent years.'” Since
a discovery can be flagged using 5 years of data, they employ a “moving
5-year sub-sample” to cover the full period of the available data. Impor-
tantly, since their research question is different than that of KL, the CS
approach does not distinguish between established products and samples.
Due to the lack of a minimum threshold and the short length of the period,
the definition captures the small-scale activity of entrepreneurs trying to
discover new markets. For example, two years of no exports followed by
three years of exports at samples level will be counted as a discovery.

1% It should also be noted that they apply the identification process on data which is disaggregated
only along the commodity dimension, i.e. they look at the aggregate exports at the HS 6-digit prod-
uct level. In addition, they employ a filter to identify ‘suspicious’ cases. Both of these are outside of
the scope of the current discussion.

7 They define discoveries as “lines that were inactive in the country’s export trade in the preced-
ing two years but were exported in the following two years (two-years cutoff)” (p.596-597). This
formulation is not explicit about whether there must be exports in the current year. The analysis in
the present paper assumes that the current year’s exports must be positive for a flow to be tagged as
a discovery. The alternative — tagging a non-existent flow as a discovery — does not seem desirable.
This paper uses only the two-year-cutoff version, which according to the authors “strikes a balance
between the very conservative definition used by [Klinger & Lederman (2006)] and the very liberal
one used by [Besede$ & Prusa (2006)]”.



An important issue that both the CS and KL methods do not address is the
possibility that the discovery process may be of different lengths for the
different products. And, since both use data aggregated across partners,
they implicitly assume away any differences with respect to partners.

The lengths of the first and third periods are more or less fixed along prod-
ucts, as it would be difficult to argue that product X will need a different
number of years to be verified as an established product than product Y,
or that one product will need fewer years for the baseline period test than
another. The lengths of these periods are of course debatable — e.g., does
it take two years to verify that a product is not being traded, or should we
require five or more years? — but once set, the lengths should apply equally
to all products. This leaves the middle period, and it would seem sensible
to allow that product X may require a longer period of being exported as a
sample than product Y, before it becomes established (or fails to). In other
words, the identification procedure should allow for a flexible duration of
the middle period while the lengths of the first and third periods remain
the same. This is even more valid when the analysis is done at the most
disaggregated level. Attempting to export widgets to a developed market
economy like the USA or Germany seems likely to take much less time than
attempting to export the same product to a less-developed economy with
poorly functioning markets and more difficult access to information regard-
ing potential partner companies. This argument can be made for many of
the traditional determinants of trade — the easier the trade between two
partners, for whatever reasons, the shorter the expected duration of the
discovery process should be, and vice versa. Finally, over time conditions in
the reporting and/or partner economy may change sufficiently to impact
the speed of discovery for one and the same product. That is, if a product
is first ‘discovered’ and then ‘forgotten’, rediscovering it may require a dif-
ferent number of years of sending samples.

Let’s illustrate the problem using the KL approach. Consider a product
which has not been exported for three years (1994-1996 in their case),
which then appears as an established product in 1997 and survives for
five years (i.e. is exported in above-sample-threshold values for each year
in 1997-2001). The product then disappears in 2002. In the KL approach,
this product will not be flagged as a discovery, as it is not being exported
in sufficiently high value in their control window which has fixed starting
and ending points (2002 and 2003 respectively). Should this product have
been identified as a discovery? Considering the results in Besede$ & Prusa
(2006) — that the duration of most trade flows is relatively short (median
duration of exporting a product to the US on the order of two to four



years) — a product which has been exported for five years in large values
should indeed have been deemed a discovery. It would have been flagged
as a discovery using the CS method but it still uses a similar rigid 2+1+2
structure.

The positioning of the three periods (baseline, emergence, established
product) within the available data is a second issue which has not seen
sufficient discussion in the literature. The KL paper uses ten years of data,
and constructs a single set of windows. An obvious question is how to
proceed when data for a longer time period is available. There seem to be
several possibilities:

Use several sub-samples (a.k.a. waves, or moving windows) of a length
less than the total number of years for which data is available. For exam-
ple, the dataset used in this paper covers 17 years (1996-2012), and
we could construct eight consecutive waves of ten years each (wave
1 covering 1996-2005, wave 2 covering 1997-2006, through wave 8
covering 2003-2012). This approach is used in CS.

Use longer lengths of the three periods, so that the whole period is cov-
ered. It would seem difficult to defend this approach since the length of
the windows should motivated by factors independent of the length of
the available data. Recall that the window lengths and start/end points
are fixed and are the same for all products.

Use a more flexible definition of the lengths of at least some of the
windows, i.e. allow for different lengths and different starting points of
the three periods to be applied for different product-partner flows. As
argued above, it would be difficult to motivate different lengths of the
first and third windows but this does not apply to their starting points.
It would seem that with respect to the middle window, when the magic
happens, window length and window starting point should be as flexible
as possible to reflect the different specifics of the partner-commodity
relationships (e.g. a reporter might succeed in establishing a relationship
for product ¢ with partner p, after only a single year of sending samples,
but may need three or four years to establish a relationship for the same
product with another partner, p,).

This paper uses the third option as it is the most flexible. The details are
presented in the next subsection.



3.3. Identification of Product Discoveries with a
Flexible Middle Window

This subsection outlines the procedure for the identification of product
discoveries used in this paper. In general terms, the procedure uses the
same three windows (baseline, emergence, established product test) but
allows for the length of the middle period to differ among reporter-partner-
product triplets, and allows it to start anywhere within the available data."®

Before proceeding, let us define a simple rule to convert the quantitative
exports'’ data into qualitative data. For commodity ¢ exported by reporter
r to partner p during period t define:

o if no trade is reported
s if the flow is determined to be a sample
X if the flow is determined to be an established product

F

pt

We can then represent the available data on every reporter-partner-com-
modity relationship as a vector Fipt = Fipl,Fjpz, ...,Fip]), where T is the total
number of years in the sample. From a software implementation point of
view, the vector is simply a string made up of T characters, each of which
corresponds to one period in the data. We can then identify patterns in the

trade flows by identifying patterns in the text strings.

Using these text strings, we can construct arbitrary flexible definitions of
windows patterns. Let’s illustrate the approach by formalizing the following
discovery definition (hereafter labeled PS), which is broadly similar to those
in the papers cited above but allows for a flexible middle window. Define a
discovery episode as a case where a product:

1. (baseline test) Has not been exported for at least three consecutive
years, then

. 20 N
2. (emergence) Has been exported in above-zero levels™ for zero to five
consecutive years, inclusive, then

'® A recognized deficiency of this approach, common with all explored models, is the lack of
accounting for censored and/or truncated data. If a discovery episode has begun before the period
of the available data, or ends after it, it will not be identified. A potentially fruitful line of further
research would be to borrow from the survival analysis literature to augment the identification pro-
cedure, esp. when running explanatory models.

"9 This definition deals with one-way trade flows but can easily be extended to incorporate two-way
trade flows as well by introducing more codes. Uni-directional flows (exports or imports) require
three codes, as listed in the definition above. Bi-directional flows require nine codes, e.g. a code cor-
responding to ‘exports of samples and imports of an established product’, etc.

22 Above-zero levels’ means any combination of s and X that does not contain two consecutive X's.
The emergence period cannot contain two consecutive years with established-product level exports
(XX), as this would trigger the established-product criterion from Window 3.



3. (established product test) Has been exported as an established product
for at least two consecutive years immediately following period 2.

That is, we would be looking for substrings 000XX (zero-length of
window 2), 000sXX (window 2 of length one, with samples-level exports),
through 0o0sssssXX or 000XsXssXX anywhere in the F‘;p strings. Since our
sample covers 17 years, it is possible to have several discovery episodes for
a single (r, p, ¢) relationship — we can (and actually do) observe the short-
est discovery episode (the five-character string 000XX) up to three times.

This definition of ‘product discovery’ is flexible in the following sense. First,
only windows 1 and 3 have fixed lengths. Window 2 does not, and may
vary between zero and five years in length, even within the same (r, p, ¢)
triplet. Let’s illustrate with an example. In our data, we have the string
000XX00000XsXXosX that represents the trade for a single relationship
(r, p, ¢) over the 17 years.”' There are two discovery episodes: (1) over
1996-2000 inclusive (000XX), with a zero-year length of window 2 and
(2) over 2003-2009 (000XsXX), with a two-year window 2, Xs, where the
established-product exports in 2006 are counted as part of the samples
window because they are not followed by another year of above-samples
exports.

Defined like this, the combined length of all three windows varies between
five and ten years, inclusive. While similar to the KL approach, the new ele-
ment here is that the established-product test (window 3, two consecutive
years of established-level exports) may start at any time, rather than being
constrained to two fixed years at the end of the sample (or sub-sample if
using waves). Second, the definition is flexible in the sense that it does not
have a fixed starting point, i.e. the first year of window 1 may be any year
within our sample, up to T — 5.%% This is important if we think that discov-
eries will happen with different speeds (different lengths of the samples
phase) for different products and/or trading partners, or may have begun at
different points in time. It also takes into account that discovered products
may disappear before the end of the sample.

Finally, there is some built-in flexibility in the definition of the length of
window 3. It is the minimum length of the window that is fixed, and it will

2! Exports from Brazil to India of HS'1996 product code 860719, “Bogies, bissel-bogies, axles and
wheels, and parts thereof :— Other, including parts”. Trading sample was defined as a flow with a
value of less than 100,000 dollars per year (s100).

2 Since we are looking for a pattern representing at least five years, it cannot be observed if we
have fewer than five years of observations left. Similarly, since we require a three-year no exports in
the baseline test, there can be no discoveries in the first three years in the data. Truncated and/or
censored data is explicitly not accounted for.



expand as long as exports remain at established-product levels. This is not
directly useful to the identification procedure here but may be used for
example to analyze the survival rates of newly-established products.

3.4. Defining the Year When the Discovery is Made

Whatever the definition of ‘discovery’, it is a multi-year process, and once
a discovery episode is flagged, it must be assigned to a particular year (or
years). There seem to be two possibilities, putting the emphasis on different
aspects of the discovery process. One is to count a product as a discovery
in the year when it first appears as a positive flow (first year of window 2),
i.e. to focus on when the first attempt is made irrespective of how long it
took to reach maturity. The second is to count a flow as a discovery in the
first year when it becomes mature, i.e. when it started being exported at
above-sample levels (the first year of window 3). The longer the ‘samples’
phase allowed by the identification methodology, the larger the possible
discrepancy between the two points.

KL and CS opt for the first approach. In the case of CS the choice is mostly
irrelevant — as there is only a single year in window 2, the difference
between the two approaches of assigning a discovery to a year is always
exactly one year. In the KL approach, there is some uncertainty — the first
positive flow may emerge in any of the five years in the fixed window 2.

Using the KL and CS definitions of a discovery episode but assigning it to
the first year when the product becomes mature (first year of window3) is
of little use. In the CS case, as already discussed, the difference is always
exactly one year, and it is not clear what the benefits of shifting the count-
ing from t to t+1 would be. In the KL approach counting discoveries in the
first year of window 3 is counterproductive — window 3 always starts at the
same fixed year and all discoveries will be assigned to just a single year.

In the PS definition of discovery proposed in this paper, there is always a
variable difference between the first year of window 2 and window 3 —
from zero (i.e. when there is no window 2 at all, the product jumps straight
to established product status), to a maximum of five years. In addition,
since the start points of the windows are flexible, they would correspond
to different years. To remain closer to the KL and CS approach, here a
discovery is assigned to the first year of window 2, or if it is of zero length,
to the first year of window 3.



3.5. Comparing the Results of the Three Definitions

This subsection discusses the results of applying the three definitions of
‘discovery’ (a.k.a. patterns® to be found in the text strings representing
trade) to the Comtrade 1996-2012 dataset.

Two of the three patterns explored here — KL and CS — are intended to
mimic the approach in the respective papers. The similarity is only in the
way the identification windows are constructed. The present analysis is
done at the reporter-partner-commodity-year level, an important difference
compared to the original sources, which are done at the level of aggregate
exports (i.e. reporter-commodity-year). In the KL case, this paper also uses
several waves, since the time period covered in the dataset is longer.

Similarly to the discussion of what constitutes a trading sample, the differ-
ent approaches to defining a discovery yield markedly different results. This
is illustrated using three simple comparisons, out of the many that can be
constructed on the basis of the individual trade flows.

The first comparison — Table C.1, Table C.2 and Table C.3 in Appendix C —
is a simple count of the number of flows tagged as a discovery by each
of the three discovery definitions, using each of the nine definitions of
trading sample. Since the CS definition does not use samples, the numbers
of discoveries found is the same for all definitions of trading sample. It tags
as discoveries about 4 percent of the exports flows and a slightly higher
number of the imports flows. As expected, the more stringent definition
KL tags a substantially lower number of flows as discoveries than CS does,
and the more flexible PS definition tags relatively more flows (except for
s10 and s100).

The second comparison is a cross-tab of the discovery counts for the same
definition of trading sample and the different definitions of discovery, at
the individual flow level (Table C.4, Table C.5 and Table C.6). Even if the
total number of flows tagged is similar, different flows are being tagged by
the different definitions. Since this comparison may be too restrictive — it
requires that two definitions of discovery agree on the classification of a
flow in the same year — Table C.7 and Table C.8 present a third compari-
son, a cross-tabulation of how many times a reporter-partner-commodity
relationship (i.e. stripping away the time dimension) has been tagged as a
discovery by the different definitions, even if not in the same year.

% In terms of implementation, the three verbal descriptions of what constitutes a discovery were
translated into regular expressions, which in turn were applied on the text vectors describing trade
flows. The regular expressions are as follows: 0{2}[sX]{3,} for CS, 0{3}.{5}X{2,} for KL and (0{3})
([sX]{0,5})(X{2.}) for PS.



3.6. The Length of Window 2

Since the main feature of the proposed definition of product discovery
is the flexibility of the middle window, it only makes sense to exploit this
flexibility. A look at the observed length of window 2 (Table D.1 and Table
D.2) reveals a surprising result — most episodes of discovery have no sam-
ples phase, they jump from non-existence straight to established-product
status. The results vary slightly depending on the definition of trading
sample chosen, being stronger in the relative definitions and weaker in
the fixed-dollar-threshold ones. Of course, if the thresholds for the sample
definitions are raised, the no-samples episodes decline in number.

Considering the data is on an annual basis, a samples phase of length zero
does not necessarily mean that there is no samples phase at all. Rather, the
flow goes through the samples phase and into maturity within the same
calendar year. The result is even stronger considering the second-frequent
length of the samples phase is one year — something that may easily
happen if the end of the calendar year comes before the flow reaches
maturity, even if the total length of the samples phase is less than twelve
months. An obvious line of future research is to examine the phenomenon
using a higher-frequency dataset, e.g. using monthly data.

4. Discussion and Conclusion

This paper draws attention to and examines two technical issues in the
analysis of new product discoveries that would benefit from further discus-
sion as the current approach is lacking in terms of theoretic foundations
and overly restrictive in some important aspects.

First is the definition of what constitutes a trading sample. Nine alternative
definitions are examined — three fixed-dollar-value thresholds (the usual
approach in the literature), four relative definitions (defining as samples the
flows comprising the bottom 1 and 5 percent of the distribution, by value
and by physical quantity), and two composite criteria (a flow is considered
a sample if it falls in the bottom 1, resp. 5, percent of the distribution by
both value and physical quantity). The alternative definitions produce sub-
stantially different results thereby making the choice of definition of trading
sample an important step in any analysis. Further research is needed in
defining what constitutes a ‘trading sample’, in particular linking the defini-
tion to concrete models of search activity and/or production structure.
In this respect, the definitions examined in this paper should be seen as
illustration of the importance of the issue and a starting point for further
discussion rather than an exhaustive examination of possibilities.



Second, the paper discusses a deficiency in some of the empirical defini-
tions of ‘new product discovery’ used in the literature, namely the fixed
structure of the three windows of the identification procedure, and
proposes a procedure which uses a middle window (the sending sam-
ples phase) of variable length to account for potential differences in the
specifics of trade relationships at the reporter-partner-commodity level.
The proposed procedure can be tailored to specific research needs. For
example, by observing the length of the third window, one can obtain
a rough approximation to a more rigorous duration (survival) analysis of
discoveries. Or, the length of the middle window can be used to assess
the importance of samples. The dynamics of the lengths of these windows
can be especially interesting in cases where we have repeated discoveries
of the same product in the same reporter-partner pair; or to contrast the
differing experiences of a single reporter exporting the same product to
several partners. Of course, as has been done in the literature, this defini-
tion of discovery can be inverted to tag episodes where a product has
been ‘forgotten’ or dropped, rather than discovered.

An interesting preliminary result, coming from both lines of analysis in this
paper, is that the observed length of the samples phase in the vast majority
of discovery episodes is zero or one years, indicating that most product
discoveries go through the samples phase and emerge as established
products within twelve months. The result is observed for both exports
and imports flows, and is qualitatively similar across all nine definitions of
trading sample used in the paper. It seems also linked to well-known results
in the literature (Besede$ & Prusa (2006)). Further discussion and research
are needed, however, to determine whether the observed pattern is due to
underlying economic logic or just an interesting-but-random pattern that
has appeared in a moderately large dataset, or an improper choice of the
thresholds for the different definitions.

The proposed definition of product discovery facilitates the process of
better understanding the dynamics of innovation, and can serve as a start-
ing point for analyzing the differences across products, trading economy
pairs and time. At the same time, it remains just a proof-of-concept without
firm theoretic background.
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Appendix A. Comparing the Definitions of ‘Sample’

Comparison of the results of applying the different definitions of ‘sample’ to
export flows. Each 2x2 block provides the number of cases where two definitions
of ‘sample’ agree or disagree. For example, the bottom-left block in Table A.1
compares ¢5 to s10 and shows that 52,409,956 of the export flows are classified
as established products by both the composite criterion ¢5 and the s10 criterion;
995,067 flows are classified by both criteria as samples; in 13,093,147 cases s10
classified the flow as a sample while ¢5 classified it as an established product, and
in 384 cases the opposite happened.

Blocks that compare a definition to itself just provide information how many flows
the given definition classifies as established products and how many as samples.



Table A.1. Comparing the Definitions of ‘Sample’: Exports

ql q5 vl V5
established ple established ple established sample established sample
. established 65,948,588 0 63491960 2,456,628 65,338,014 610,574 62,843,642 3,104,946
< sample 0 549,966 0 549,966 495,013 54,953 338,336 211,630
«, established 63,491,960 0 63,491,960 0 63062214 429,746 61,170,835 2,321,125
< sample 2,456,628 549,966 0 3006594 2,770,813 235,781 2,011,143 995,451
. established 65,338,014 495,013 63,062,214 2,770,813 67,546,846 0 64822589 2,724,257
g sample 610,574 54,953 429,746 235,781 0 682,876 0 682,876
«, established 62,843,642 338,336 61,170,835 2,011,143 64,822,589 0 64,822,589 0
g sample 3,104,946 211,630 2,321,125 995,451 2,724,257 682,876 0 3,407,133
< established 52,323,454 86,886 51,859,193 551,147 53,730,006 85 53,724,956 5135
£ sample 13,625,134 463,080 11,632,767 2,455,447 13,816,840 682,791 11,097,633 3,401,998
< established 26,766,113 6,160 26,743,969 28,304 27,405,620 4 27,405,566 58
“  sample 39,182,475 543,806 36,747,991 2,978,290 40,141,226 682,872 37,417,023 3,407,075
. established 65,948,588 495,013 63,491,960 2,951,641 65,833,027 610,574 63,181,978 3,261,623
¢ sample 0 54,953 0 54,953 0 54,953 0 54,953
., established 65,164,767 338,336 63,491,960 2,011,143 65,073,357 429,746 63,181,978 2,321,125
° sample 783,821 211,630 0 995,451 759,670 235,781 0 995,451
s10 5100 cl c5
established ple established ple established sample established sample
. established 52323454 13,625,134 26,766,113 39,182,475 65,948,588 0 65,164,767 783,821
< sample 86,386 463,080 6,160 543,806 495,013 54,953 338,336 211,630
« eostablished 51,859,193 11,632,767 26,743,969 36,747,991 63,491,960 0 63,491,960 0
s sample 551,147 2,455,447 28,304 2978290 2,951,641 54,953 2,011,143 995,451
. established 53,730,006 13,816,840 27,405,620 40,141,226 65,833,027 0 65,073,357 759,670
g sample 85 682,791 4 682,872 610,574 54,953 429,746 235,781
«, established 53,724,956 11,097,633 27,405,566 37,417,023 63,181,978 0 63,181,978 0
g sample 5135 3,401,998 58 3,407,075 3,261,623 54,953 2,321,125 995,451
= established 53,730,091 0 27,405,624 26,324,467 52,410,299 41 52,409,956 384
E sample 0 14,499,631 0 14,499,631 14,033,302 54,912 13,093,147 995,067
g established 27,405,624 0 27,405,624 0 26,772,270 3 26,772,270 3
“ sample 26,324,467 14,499,631 0 40,824,098 39,671,331 54,950 38,730,833 995,448
. established 52,410,299 14,033,302 26,772,270 39,671,331 66,443,601 0 65,503,103 940,498
< sample 4 54,912 3 54,950 0 54,953 0 54,953
«, established 52,409,956 13,093,147 26,772,270 38,730,833 65,503,103 0 65,503,103 0
° sample 384 995,067 3 995,448 940,498 54,953 0 995,451

Source: Author’s calculations based on UN Comtrade.

Notes: There are a total of 68,229,722 exports flows. Blocks containing quantity-based criteria sum to
66,498,554 as there are 1,731,168 flows with missing quantity data. The s0 definition discussed in the text is
not included in the table as it assumes there are no samples, i.e. all flows are classified as established products



Appendix B. Transition Matrices by Definition of ‘Sample’:
Exports and Imports

Each table shows the transition matrix for a given definition of what constitutes
a trading sample. Data is presented row-wise, i.e. for exports and definition v1 in
Table B.1 below, if a product is not exported in the current year (i.e. is in state o), for
the subsequent period the probability to remain not exported is 0.8552, the prob-
ability to become a sample (to transition to state s) is 0.0035, and the probability
to become an established product (X) is 0.1413. Please refer to section 2.2 in the
main text for details on the calculation of the probabilities.

The probability for a non-existing flow to remain non-existing (i.e. to go from state
o0 to state 0) as expected is constant across the definitions. Non-existing flows will
never be tagged as samples or mature products in the definitions used here, and
indeed no ‘sensible’ definition of a sample would do so. The small differences in
the estimated transition probabilities are due to missing quantity data in the data-
set. All value-based definitions (v1, v5, s0, s10 and s100) have the same estimated
probability for the transition from state o to state o, and so do the definitions which
use quantity information (q1, ¢5, and ¢l and ¢5).



Table B.1. Transition Matrices for Different Definitions
of ‘Trading Sample’

World
Exports Imports
vl 0 s X vl 0 s X
0 0.8552 0.0035 0.1413 0 0.8572 0.0034 0.139%4
s 0.6199 0.0132 0.3668 s 0.6306 0.0126 0.3567
X 0.2467 0.0034 0.7499 X 0.2520 0.0034 0.7446
v5 0 s X v5 0 s X
0 0.8552 0.0168 0.1280 0 0.8572 0.0164 0.1264
s 0.5980 0.0598 0.3421 s 0.6059 0.0570 0.3371
X 0.2321 0.0166 0.7513 X 0.2374 0.0163 0.7463
ql 0 s X ql 0 s X
0 0.8582 0.0028 0.1391 0 0.8598 0.0028 0.1374
s 0.6283 0.0782 0.2935 s 0.6460 0.0736 0.2803
X 0.2520 0.0024 0.7456 X 0.2577 0.0023 0.7400
q5 0 s X q5 0 s X
0 0.8582 0.0136 0.1282 0 0.8598 0.0137 0.1265
s 0.5623 0.1491 0.2886 s 0.5726 0.1444 0.2829
X 0.2409 0.0131 0.7460 X 0.2462 0.0132 0.7406
s0 0 s X s0 0 s X
0 0.8552 n.a. 0.1448 0 0.8572 n.a. 0.1428
s n.a. n.a. na. s na. n.a. na.
X 0.2505 n.a. 0.7495 X 0.2558 na. 0.7442
s10 0 s X s10 0 s X
0 0.8552 0.0623 0.0825 0 0.8572 0.0640 0.0787
s 0.5166 0.2288 0.2545 s 05144 0.2424 0.2432
X 0.1783 0.0624 0.7594 X 0.1791 0.0652 0.7557
s100 0 s X s100 0 s X
0 0.8552 0.1255 0.0193 0 0.8572 0.1237 0.0190
s 0.3654 0.5313 0.1033 s 0.3645 0.5402 0.0954
X 0.0776 0.1334 0.7890 X 0.0827 0.1307 0.7866
cl 0 s X cl 0 s X
0 0.8582 0.0003 0.1415 0 0.8598 0.0003 0.1399
s 0.6656 0.0085 0.3259 s 0.6842 0.0081 0.3078
X 0.2547 0.0003 0.7451 X 0.2605 0.0002 0.7393
c5 0 s X c5 0 s X
0 0.8582 0.0049 0.1369 0 0.8598 0.0048 0.1354
s 0.6153 0.0472 0.3374 s 0.6261 0.0444 0.3295
X 0.2496 0.0048 0.7455 X 0.2555 0.0046 0.7399

Source: Author’s calculations based on UN Comtrade.
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Table B.2. Transition Matrices for Different Definitions
of ‘Trading Sample’

Bulgaria
Exports Imports

vl 0 s X vl 0 s X

0 0.8828 0.0034 0.1138 0 0.8530 0.0039 0.1431

s 0.6747 0.0131 0.3122 s 0.6034 0.0108 0.3858

X 0.3502 0.0046 0.6452 X 0.2512 0.0041 0.7448
v5 0 s X VS 0 s X

0 0.8828 0.0162 0.1010 0 0.8530 0.0190 0.1279

s 0.6496 0.0634 0.2870 s 0.5674 0.0602 0.3724

X 0.3304 0.0222 0.6474 X 0.2354 0.0207 0.7440
ql 0 s X ql 0 § X

0 0.8830 0.0016 0.1154 0 0.8536 0.0023 0.1441

s 0.7115 0.0573 0.2313 s 0.6550 0.0527 0.2922

X 0.3529 0.0015 0.6457 X 0.2526 0.0019 0.7455
q5 0 s X q5 0 s X

0 0.8830 0.0098 0.1072 0 0.8536 0.0145 0.1319

s 0.6454 0.1151 0.2395 s 0.5628 0.1230 0.3142

X 0.3419 0.0103 0.6478 X 0.2402 0.0149 0.7449
s0 0 s X s0 0 s X

0 0.8828 n.a. 0.1172 0 0.8530 n.a. 0.1470

s na. n.a. na. s na. na. n.a.

X 0.3553 na. 0.6447 X 0.2553 na. 0.7447
s10 0 5 X s10 0 s X

0 0.8828 0.0556 0.0616 0 0.8530 0.0742 0.0728

s 05777 0.2138 0.2085 s 0.4736 0.2640 0.2624

X 0.2608 0.0781 0.6611 X 0.1719 0.0829 0.7452
s100 0 s X s100 0 s X

0 0.8828 0.1044 0.0128 0 0.8530 0.1338 0.0132

s 0.4449 0.4772 0.0779 s 0.3286 0.5789 0.0926

X 0.1251 0.1652 0.7097 X 0.0758 0.1766 0.7476
cl 0 s X cl 0 s X

0 0.8830 0.0002 0.1168 0 0.8536 0.0003 0.1461

s 0.7391 0.0067 0.2542 s 0.6477 0.0052 0.3472

X 0.3549 0.0003 0.6448 X 0.2549 0.0002 0.7449
c5 0 s X c5 0 s X

0 0.8830 0.0042 0.1128 0 0.8536 0.0057 0.1406

s 0.6723 0.0536 0.2741 s 0.5931 0.0415 0.3654

X 0.3492 0.0050 0.6458 X 0.2492 0.0059 0.7449

Source: Author’s calculations based on UN Comtrade.



Table B.3. Transition Matrices for Different Definitions
of ‘Trading Sample’

Romania
Exports Imports

vl 0 s X vl 0 s X

0 0.8686 0.0021 0.1293 0 0.8282 0.0026 0.1693

s 0.6371 0.0111 0.3519 s 0.5703 0.0094 0.4203

X 0.3232 0.0029 0.6739 X 0.2107 0.0026 0.7867
v5 0 s X v5 0 s X

0 0.8686 0.0139 0.1175 0 0.8282 0.0199 0.1520

s 0.6333 0.0473 0.3194 s 0.5421 0.0611 0.3968

X 0.3068 0.0171 0.6762 X 0.1955 0.0175 0.7870
ql 0 s X ql 0 s X

0 0.8730 0.0016 0.1254 0 0.8365 0.0023 0.1612

s 0.6912 0.0679 0.2409 s 0.6264 0.0772 0.2964

X 0.3223 0.0015 0.6762 X 0.2141 0.0017 0.7842
q5 0 s X q5 0 s X

0 0.8730 0.0090 0.1180 0 0.8365 0.0123 0.1512

s 0.6214 0.1205 0.2581 s 0.5313 0.1487 0.3200

X 0.3129 0.0098 0.6773 X 0.2050 0.0118 0.7832
s0 0 s X s0 0 s X

0 0.8686 n.a. 0.1314 0 0.8282 n.a. 0.1718

s n.a. n.a. na. s na. n.a. na.

X 0.3260 n.a. 0.6740 X 0.2130 n.a. 0.7870
s10 0 s X s10 0 s X

0 0.8686 0.0501 0.0812 0 0.8282 0.0767 0.0951

s 0.5686 0.1918 0.2397 s 0.4556 0.2537 0.2908

X 0.2524 0.0614 0.6861 X 0.1413 0.0700 0.7888
s100 0 s X s100 0 s X

0 0.8686 0.1079 0.0235 0 0.8282 0.1491 0.0228

s 0.4405 0.4537 0.1058 s 0.3035 0.5809 0.1156

X 0.1321 0.1418 0.7262 X 0.0575 0.1494 0.7931
cl 0 s X cl 0 s X

0 0.8730 0.0002 0.1268 0 0.8365 0.0003 0.1632

s 0.7376 0.0000 0.2624 s 0.6489 0.0097 0.3414

X 0.3243 0.0002 0.6755 X 0.2161 0.0002 0.7837
c5 0 s X c5 0 s X

0 0.8730 0.0035 0.1235 0 0.8365 0.0045 0.1590

s 0.6463 0.0393 0.3144 s 0.5752 0.0412 0.3836

X 0.3199 0.0042 0.6758 X 0.2121 0.0043 0.7835

Source: Author’s calculations based on UN Comtrade.
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Table B.4. Transition Matrices for Different Definitions
of ‘Trading Sample’

Germany
Exports Imports

vl 0 s X vl 0 s X

0 0.8311 0.0018 0.1670 0 0.8440 0.0012 0.1549

s 0.5531 0.0128 0.4341 s 0.6096 0.0096 0.3807

X 0.1388 0.0013 0.8599 X 0.1688 0.0010 0.8303
v5 0 s X VS 0 s X

0 0.8311 0.0234 0.1455 0 0.8440 0.0174 0.1386

s 0.5344 0.0757 0.3899 s 0.5958 0.0532 0.3511

X 0.1250 0.0135 0.8615 X 0.1555 0.0115 0.8330
ql 0 s X ql 0 § X

0 0.8323 0.0011 0.1665 0 0.8450 0.0009 0.1541

s 0.5417 0.0805 0.3777 s 0.5523 0.0806 0.3672

X 0.1403 0.0006 0.8591 X 0.1696 0.0006 0.8298
q5 0 s X q5 0 s X

0 0.8323 0.0137 0.1540 0 0.8450 0.0088 0.1463

s 0.4701 0.1490 0.3810 s 0.5201 0.1180 0.3619

X 0.1334 0.0091 0.8574 X 0.1642 0.0066 0.8292
s0 0 s X s0 0 s X

0 0.8311 n.a. 0.1689 0 0.8440 n.a. 0.1560

s na. n.a. na. s na. na. n.a.

X 0.1402 na. 0.8598 X 0.1699 na. 0.8301
s10 0 5 X s10 0 s X

0 0.8311 0.0827 0.0862 0 0.8440 0.0661 0.0899

s 0.4236 0.2957 0.2806 s 0.5091 0.2129 0.2779

X 0.0849 0.0483 0.8668 X 0.1128 0.0449 0.8423
s100 0 s X s100 0 s X

0 0.8311 0.1488 0.0201 0 0.8440 0.1350 0.0210

s 0.2512 0.6405 0.1083 s 0.3343 0.5373 0.1284

X 0.0316 0.0901 0.8783 X 0.0387 0.0946 0.8667
cl 0 s X cl 0 s X

0 0.8323 0.0001 0.1675 0 0.8450 0.0001 0.1549

s 0.5882 0.0156 0.3962 s 0.5983 0.0042 0.3975

X 0.1407 0.0001 0.8592 X 0.1700 0.0001 0.8299
c5 0 s X c5 0 s X

0 0.8323 0.0062 0.1614 0 0.8450 0.0036 0.1514

s 0.5342 0.0609 0.4049 s 0.5920 0.0425 0.3655

X 0.1371 0.0037 0.8592 X 0.1673 0.0024 0.8303

Source: Author’s calculations based on UN Comtrade.



Table B.5. Transition Matrices for Different Definitions
of ‘Trading Sample’

USA
Exports Imports
vl 0 s X vl 0 s X
0 0.8143 0.0048 0.1809 0 0.8389 0.0038 0.1573
s 0.5467 0.0178 0.4355 s 0.6130 0.0132 0.3738
X 0.2101 0.0042 0.7857 X 0.1861 0.0026 0.8113
v5 0 s X v5 0 s X
0 0.8143 0.0227 0.1630 0 0.8389 0.0176 0.1435
s 0.5455 0.0599 0.3946 s 0.6050 0.0458 0.3493
X 0.1969 0.0188 0.7843 X 0.1745 0.0117 0.8138
ql 0 s X ql 0 s X
0 0.8271 0.0039 0.1690 0 0.8501 0.0057 0.1442
s 0.5516 0.0552 0.3932 s 0.5964 0.0895 0.3141
X 0.2339 0.0036 0.7626 X 0.2035 0.0040 0.7925
q5 0 s X q5 0 s X
0 0.8271 0.0181 0.1548 0 0.8501 0.0202 0.1298
s 0.5208 0.1187 0.3605 s 0.5391 0.1606 0.3004
X 0.2233 0.0165 0.7602 X 0.1912 0.0154 0.7934
s0 0 s X s0 0 s X
0 0.8143 n.a. 0.1857 0 0.8389 n.a. 0.1611
s n.a. n.a. na. s na. n.a. na.
X 0.2135 n.a. 0.7865 X 0.1892 na. 0.8108
s10 0 s X s10 0 s X
0 0.8143 0.0799 0.1058 0 0.8389 0.0691 0.0920
s 0.5058 0.1912 0.3030 S 0.5325 0.1939 0.2736
X 0.1490 0.0630 0.7879 X 0.1272 0.0466 0.8262
s100 0 s X s100 0 s X
0 0.8143 0.1640 0.0217 0 0.8389 0.1388 0.0223
s 0.3481 0.5194 0.1325 s 0.3639 0.5082 0.1279
X 0.0551 0.1434 0.8015 X 0.0473 0.0948 0.8579
cl 0 s X cl 0 s X
0 0.8271 0.0005 0.1724 0 0.8501 0.0006 0.1494
s 0.5868 0.0115 0.4017 s 0.6323 0.0108 0.3568
X 0.2364 0.0004 0.7632 X 0.2080 0.0004 0.7916
c5 0 s X c5 0 s X
0 0.8271 0.0069 0.1661 0 0.8501 0.0063 0.1436
s 0.5590 0.0459 0.3951 s 0.6082 0.0385 0.3533
X 0.2316 0.0062 0.7622 X 0.2029 0.0047 0.7923

Source: Author’s calculations based on UN Comtrade.
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Table B.6. Transition Matrices for Different Definitions
of ‘Trading Sample’

China
Exports Imports

vl 0 s X vl 0 s X

0 0.8301 0.0032 0.1667 0 0.8432 0.0034 0.1534

s 0.5340 0.0123 0.4537 s 0.5773 0.0109 0.4119

X 0.1642 0.0022 0.8337 X 0.1858 0.0027 0.8115
v5 0 s X VS 0 s X

0 0.8301 0.0151 0.1548 0 0.8432 0.0158 0.1409

s 0.5146 0.0469 0.4385 s 0.5574 0.0475 0.3951

X 0.1554 0.0104 0.8342 X 0.1754 0.0124 0.8122
ql 0 s X ql 0 § X

0 0.8300 0.0004 0.1695 0 0.8435 0.0037 0.1528

s 0.5734 0.0605 0.3661 s 0.5835 0.0846 0.3319

X 0.1682 0.0002 0.8316 X 0.1870 0.0024 0.8107
q5 0 s X q5 0 s X

0 0.8300 0.0034 0.1666 0 0.8435 0.0179 0.1386

s 0.5454 0.0835 0.3711 s 0.5005 0.1653 0.3342

X 0.1660 0.0019 0.8320 X 0.1770 0.0129 0.8101
s0 0 s X s0 0 s X

0 0.8301 n.a. 0.1699 0 0.8432 n.a. 0.1568

s na. n.a. na. s na. na. n.a.

X 0.1665 na. 0.8335 X 0.1887 na. 0.8113
s10 0 5 X s10 0 s X

0 0.8301 0.0637 0.1062 0 0.8432 0.0637 0.0931

s 0.4434 0.2007 0.3559 s 0.4761 0.2126 0.3113

X 0.1185 0.0441 0.8374 X 0.1338 0.0501 0.8161
s100 0 s X s100 0 s X

0 0.8301 0.1473 0.0226 0 0.8432 0.1311 0.0257

s 0.2889 0.5464 0.1647 s 0.3275 0.5255 0.1470

X 0.0415 0.1009 0.8576 X 0.0603 0.1073 0.8323
cl 0 s X cl 0 s X

0 0.8300 0.0001 0.1699 0 0.8435 0.0004 0.1561

s 0.5855 0.0024 0.4120 s 0.6742 0.0042 0.3216

X 0.1685 0.0000 0.8315 X 0.1895 0.0002 0.8103
c5 0 s X c5 0 s X

0 0.8300 0.0014 0.1686 0 0.8435 0.0053 0.1512

s 0.5719 0.0277 0.4004 s 05702 0.0358 0.3940

X 0.1674 0.0008 0.8317 X 0.1857 0.0038 0.8105

Source: Author’s calculations based on UN Comtrade.
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Source: Author’s calculations based on UN Comtrade.

Appendix C. Comparing the Three Definitions of Discovery

Table C.1. Flows Tagged/Not Tagged as a Discovery,
by Trading Sample Definition

Exports

discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery

discovery

CS Definition of Discovery

number
65,543,498
2,686,224
65,543,498
2,686,224
65,443,304
2,786,418
65,443,304
2,786,418
65,543,498
2,686,224
65,543,498
2,686,224
65,543,498
2,686,224
65,443,304
2,786,418
65,443,304
2,786,418

percent
96.06
3.94
96.06
3.94
95.92
4.08
95.92
4.08
96.06
3.94
96.06
3.94
96.06
3.94
95.92
4.08
95.92
4.08

sample
vl

V5

ql

q5

s0

s10

s100

cl

c5

Imports

discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery

discovery

number
66,232,284
2,971,501
66,232,284
2,971,501
66,154,061
3,049,724
66,154,061
3,049,724
66,232,284
2,971,501
66,232,284
2,971,501
66,232,284
2,971,501
66,154,061
3,049,724
66,154,061
3,049,724

percent
95.71
429
95.71
429
95.59
4.41
95.59
4.41
95.71
429
95.71
4.29
95.71
429
95.59
4.41
95.59
4.41

Note: Since the CS definition does not use samples, the numbers of discoveries found is the same for all defini-
tions of trading sample. The differences in the values in the table are due to flows with missing quantity data.



sample
vl

V5

q5

s0

s10

5100

cl

c5

Source: Author’s calculations based on UN Comtrade.

Table C.2. Flows Tagged/Not Tagged as a Discovery,
by Trading Sample Definition

Exports

discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery

discovery

KL Definition of Discovery

number
67,752,924
476,798
67,770,503
459,219
67,623,669
606,053
67,645,188
584,534
67,748,713
481,009
67,852,775
376,947
68,067,194
162,528
67,619,780
609,942
67,627,039
602,683

percent
99.30
0.70
99.33
0.67
99.11
0.89
99.14
0.86
99.30
0.70
99.45
0.55
99.76
0.24
99.11
0.89
99.12
0.88

sample

vl

V5

ql

q5

s0

s10

s100

cl

c5

Imports

discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery

discovery

number
68,687,736
516,049
68,704,926
498,859
68,571,053
632,732
68,593,102
610,683
68,683,765
520,020
68,795,734
408,051
69,025,303
178,482
68,566,901
636,884
68,574,044
629,741

percent
99.25
0.75
99.28
0.72
99.09
0.91
99.12
0.88
99.25
0.75
99.41
0.59
99.74
0.26
99.08
0.92
99.09
0.91



sample
vl

Vs

ql

q5

s0

510

s100

cl

c5

Table C.3.

Exports
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery
discovery
not discovery

discovery

Flows Tagged/Not Tagged as a Discovery,
by Trading Sample Definition

PS Definition of Discovery

Imports

number  percent sample  discovery number  percent
64,792,383 94.96 vl not discovery 65,377,441 94.47
3,437,339 5.04 discovery 3,826,344 5.53
65,060,531 95.36 V5 not discovery 65,662,415 94.88
3,169,191 4.64 discovery 3,541,370 512
64,651,087 94.76 ql not discovery 65,276,277 94.32
3,578,635 5.24 discovery 3,927,508 5.68
64,880,362 95.09 q5 not discovery 65,526,228 94.69
3,349,360 4.91 discovery 3,677,557 5.31
64,722,760 94.86 s0 not discovery 65,301,769 94.36
3,506,962 5.14 discovery 3,902,016 5.64
65,968,824 96.69 s10 not discovery 66,720,920 96.41
2,260,898 3.31 discovery 2,482,865 3.59
67,455,599 98.87 s100 not discovery 68,350,002 98.77
774,123 1.13 discovery 853,783 1.23
64,601,891 94.68 cl not discovery 65,221,910 94.25
3,627,831 5.32 discovery 3,981,875 5.75
64,697,183 94.82 5 not discovery 65,322,100 94.39
3,532,539 5.18 discovery 3,881,685 5.61

Source: Author’s calculations based on UN Comtrade.



The following three tables provide a cross-tabulation of flows according to whether
they have or have not been tagged as a discovery by the respective pair of discov-
ery definitions. For example, Table C.4 compares how the CS and KL definitions
stack against each other. For sample definition v1, 65,268,668 flows have been
tagged as ‘not discoveries’ by both the CS and KL definitions. There are 274,830
flows that have been tagged as a discovery by KL, and tagged as ‘not discovery’ by
CS; 2,484,256 flows have been tagged as discoveries by CS and not by KL, and only
201,968 flows have been tagged as a discovery by both definitions.

Table C.4. Crosstab of Discoveries by Different Discovery Definitions

CS vs. KL

Exports Imports
sample kl = not discovery discovery not discovery discovery
vl cs= not discovery 65,268,668 274,830 65,957,661 274,623
cs= discovery 2,484,256 201,968 2,730,075 241,426
v5 cs= not discovery 65,283,770 259,728 65,972,373 259,911
cs= discovery 2,486,733 199,491 2,732,553 238,948
ql cs= not discovery 65,052,954 390,350 65,760,223 393,838
cs= discovery 2,570,715 215,703 2,810,830 238,894
q5 cs= not discovery 65,070,790 372,514 65,778,260 375,801
cs= discovery 2,574,398 212,020 2,814,842 234,882
s0 cs= not discovery 65,264,986 278,512 65,954,302 277,982
cs= discovery 2,483,727 202,497 2,729,463 242,038
s10 cs= not discovery 65,350,402 193,096 66,044,214 188,070
cs= discovery 2,502,373 183,851 2,751,520 219,981
s100 cs = not discovery 65,482,117 61,381 66,174,878 57,406
cs= discovery 2,585,077 101,147 2,850,425 121,076
cl cs= not discovery 65,049,648 393,656 65,756,735 397,326
cs= discovery 2,570,132 216,286 2,810,166 239,558
5 cs= not discovery 65,055,742 387,562 65,762,789 391,272
cs= discovery 2,571,297 215,121 2,811,255 238,469

Source: Author’s calculations based on UN Comtrade.



Table C.5. Crosstab of Discoveries by Different Discovery Definitions

CS vs. PS

Exports Imports
sample ps= not discovery discovery not discovery discovery
vl cs= not discovery 62,145,774 3,397,724 62,448,796 3,783,488
cs=  discovery 2,646,609 39,615 2,928,645 42,856
V5 cs= not discovery 62,551,380 2,992,118 62,884,134 3,348,150
cs= discovery 2,509,151 177,073 2,778,281 193,220
ql cs= not discovery 61,884,754 3,558,550 62,249,118 3,904,943
cs= discovery 2,766,333 20,085 3,027,159 22,565
q5 cs= not discovery 62,196,851 3,246,453 62,591,849 3,562,212
cs= discovery 2,683,511 102,907 2,934,379 115,345
s0 cs= not discovery 62,036,536 3,506,962 62,330,268 3,902,016
cs= discovery 2,686,224 0 2,971,501 0
s10 cs= not discovery 63,748,959 1,794,539 64,274,013 1,958,271
cs= discovery 2,219,865 466,359 2,446,907 524,594
s100 cs= not discovery 65,126,200 417,298 65,760,728 471,556
cs= discovery 2,329,399 356,825 2,589,274 382,227
cl cs= not discovery 61,818,016 3,625,288 62,174,902 3,979,159
cs= discovery 2,783,875 2,543 3,047,008 2,716
c5 cs= not discovery 61,958,714 3,484,590 62,323,705 3,830,356
cs= discovery 2,738,469 47,949 2,998,395 51,329

Source: Author’s calculations based on UN Comtrade.
Note: The table provides a cross-tabulation of flows according to whether they have or have not been tagged
as a discovery by the respective pair of discovery definitions.



Table C.6. Crosstab of Discoveries by Different Discovery Definitions

KL vs. PS

Exports Imports
sample ps = not discovery discovery not discovery discovery
vl kl=  not discovery 64,319,185 3,433,739 64,865,276 3,822,460
kI=  discovery 473,198 3,600 512,165 3,884
V5 kl=  not discovery 64,618,478 3,152,025 65,181,910 3,523,016
kl= discovery 442,053 17,166 480,505 18,354
ql kl=  not discovery 64,046,625 3,577,044 64,645,365 3,925,688
kl=  discovery 604,462 1,591 630,912 1,820
q5 kl=  not discovery 64,305,521 3,339,667 64,926,293 3,666,809
kl= discovery 574,841 9,693 599,935 10,748
s0 kl=  not discovery 64,241,751 3,506,962 64,781,749 3,902,016
kI=  discovery 481,009 0 520,020 0
s10 kl=  not discovery 65,648,250 2,204,525 66,376,117 2,419,617
kl= discovery 320,574 56,373 344,803 63,248
s100 kl=  not discovery 67,354,507 712,687 68,241,214 784,089
kI=  discovery 101,092 61,436 108,788 69,694
cl kl=  not discovery 63,992,107 3,627,673 64,585,211 3,981,690
kl= discovery 609,784 158 636,699 185
c5 kl= not discovery 64,098,395 3,528,644 64,696,595 3,877,449
kI=  discovery 598,788 3,895 625,505 4,236

Source: Author’s calculations based on UN Comtrade.
Note: The table provides a cross-tabulation of flows according to whether they have or have not been tagged
as a discovery by the respective pair of discovery definitions.



Table C.7. Exports: Crosstab of Discoveries by Different Discovery
Definitions, Ignoring Time

CS vs. KL CS vs. PS PS vs. KL

vl ki=0 kl=1 vl ps=0 ps=1 ps=2 ps=3 vl kl=0 kl=1
cs=0 8975857 155615 ¢s=0 7,859,618 1,231,091 40,507 256 ps=0 8301417 115921
cs=1 27179655 301,328 «cs= 536,108 1,872,326 72,240 309 ps=1 2827489 330,859
=2 82309 19710 ¢s=2 21,451 54,731 25,789 48  ps=2 109,101 29,475
=3 256 145 ¢s=3 161 200 40 0 ps=3 70 543

v5 k=0 kl=1 v5 ps=0 ps=1 ps=2 ps=3 v5 k=0 kl=1
cs=0 8986274 145198 ¢s=0 8,045730 1,056,138 29,448 156 ps=0 8537439 121,453
cs=1 2185636 295347 cs= 589,266 1,832,285 59,220 212 ps=1 2628573 314,605
cs=2 83477 18542 cs=2 23,723 54,561 23,700 35 ps=2 89,592 22,810
=3 269 132 ¢s=3 173 194 34 0 ps=3 52 351

q1 k=0 kl=1 q1 ps=0 ps=1 ps=2 ps=3 q1 k=0 kl=1
cs=0 8864635 169872 cs=0 7,742,281 1,249,714 42,215 297 ps=0 87160483 122,488
cs=1 27161421 413266 cs= 520,347 1,978,199 75,842 299 ps=1 2835081 450,736
cs=2 82548 22764  cs=2 20,199 57,720 27,345 48  ps=2 113,195 32,248
cs=3 218 151 ¢s=3 144 184 41 0 ps=3 63 581

q5 k=0 kl=1 q5 ps=0 ps=1 ps=2 ps=3 q5 k=0 kl=1
cs=0 8875857 158,650 cs=0 7,888249 1,111973 34,068 217 ps=0 8369056 122,894
cs=1 2170514 404173 ¢s= 581,079 1,927,360 66,017 231 ps=1 2663219 433758
cs=2 83740 21572 cs=2 22,468 57,466 25,339 39 ps=2 98,021 27,440
cs=3 230 139 ¢s=3 154 178 37 0 ps=3 45 442

s0 k=0 k=1 s0 ps=0 ps=1 ps=2 ps=3 s0 k=0 kl=1

cs=0 8973155 168317 ¢s=0 7,807,720 1,279,540 43,918 294 ps=0 8240635 114,487
cs=1 2178464 302519 =1 526218 1878725 75,710 330 ps=1 2878653 334,568

cs=2 82,001 20,018 cs=2 21,026 54,755 26,185 53 ps=2 114,509 31,346
cs=3 246 185 cs=3 158 201 42 0 ps=3 69 608

s10 k=0 k=1 s10 ps=0 ps=1 ps=2 ps=3 s10 k=0 kl=1
cs=0 9025544 105928 cs=0 8,544,180 576,820 10,433 39 ps=0 9384692 121,160
cs=1 2223506 257,477 ¢s=1 922,131 1,531,740 27,049 63 ps=1 1,910,702 246,560
cs=2 88,068 13,461 cs=2 39,306 48,555 14,146 12 ps=2 42,522 9,125
cs=3 320 81 =3 235 147 19 0 ps=3 12 102
s100 k=0 kl=1 s100 ps=0 ps=1 ps=2 ps=3 s100 k=0 kl=1
cs=0 9097492 33980 cs=0 9,024,658 105837 974 3 ps=0 10,897,449 50,187
cs=1 2356436 124547 cs=1 1842043 635412 3,522 6 ps=1 649,087 111,278
cs=2 98,036 3983 cs=2 80,579 19,072 2,367 1 ps=2 5,810 1,064
cs=3 383 18 =3 356 44 1 0 ps=3 1 9

cl ki=0 kl=1 cl ps=0 ps=1 ps=2 ps=3 cl kl=0 kl=1
cs=0 8862388 172119 «¢s=0 7,707,843 1,281,934 44,411 319 ps=0 8116239 122,309
cs=1 2,159,989 414698 «cs=1 510,685 1985678 78,001 323 ps=1 2871819 453,697
cs=2 82341 22971 c¢s=2 19,879 57,719 27,663 51 ps= 116,807 33,311
cs=3 215 154 cs=3 141 185 43 0 ps=3 68 625

c5 ki=0 kl=1 c5 ps=0 ps=1 ps=2 ps=3 c5 kl=0 kl=1

cs=0 8866631 167,876 «¢s=0 7,776,361 1,217,803 40,062 281 ps=0 8200717 123,429
cs=1 2162568 412119 ¢s=1 527,152 1,973,775 73,474 286 ps=1 2801767 447,764
cs=2 82771 22541 ¢s=2 20,490 57,769 27,008 45 ps=2 109,650 30,936
=3 222 147 ¢s=3 143 184 42 0 ps=3 58 554
Source: Author’s calculations based on UN Comtrade.
Note: The row and column names show how many times a relationship (reporter-partner-commodity) has
been tagged as a discovery by the respective definition in any of the 17 years in the sample. For sample defini-
tion v1, 8,975,857 relationships have never been tagged as discoveries by either CS or KL; 155,615 relation-
ships have been tagged once by KL and never by CS, etc.



Table C.8. Imports: Crosstab of Discoveries by Different Discovery
Definitions, Ignoring Time

CS vs. KL CS vs. PS PS vs. KL
vl k=0 kl=1 vl ps=0 ps=1 ps=2 ps=3 vl k=0 k=1
cs=0 9,350,148 158733 ¢s=0 8,136532 1328275 43,732 342 ps=0 8582108 116,595
cs=1 2414930 335951 cs=1 541390 2,126,233 82,957 301 ps=1 37148367 368315

cs=2 88,492 21218 cs=2 20,615 61,977 27,073 45 ps=2 123265 30,534
=3 253 147 ¢s=3 166 197 37 0 ps=3 83 605
v5 ki=0 kl=1 v5 ps=0 ps=1 ps=2 ps=3 v5 k=0 k=1

cs=0 9360489 148392 «cs=0 8336229 1,140,330 32,095 227 ps=0 8834010 122,284
cs=1 2420508 330373 cs=1 596916 2,084,004 69,745 216 ps=1 2934019 352244

cs=2 89,744 19966 cs=2 22,969 61,741 24,966 34 ps=2 102917 23,921
cs=3 272 128 ¢s=3 180 188 32 0 ps=3 67 410
q1 k=0 kl=1 q1 ps=0 ps=1 ps=2 ps=3 q1 k=0 kl=1

cs=0 9260769 170,179 cs=0 8,051,081 1335230 44,292 345 ps=0 8477475 121,951
cs=1 2388947 439556 cs=1 528,650 2,216,006 83,642 306 ps=1 3137434 476,647

cs=2 87,186 22856 cs=2 19,538 62,659 27,798 47 ps=2 122,150 33518
cs=3 238 141 ¢s=3 157 186 36 0 ps=3 81 616

q5 k=0 kl=1 q5 ps=0 ps=1 ps=2 ps=3 q5 k=0 kl=1
cs=0 9272633 158315 ¢cs=0 8,212,391 1,182,904 35,399 254 ps=0 8705309 122367
cs=1 2397787 430716 cs=1 593294 2,161,897 73,081 231 ps=1 2948133 459,231
cs=2 88520 21522 cs=2 21,815 62,392 25,791 44 ps=2 105681 28,622
cs=3 249 130 ¢s=3 176 171 3R 0 ps=3 66 463

s0 k=0 kl=1 s0 ps=0 ps=1 ps=2 ps=3 s0 k=0 k=1

cs=0 9347650 161231 «cs=0 8,079,955 1,381,092 47,452 382 ps=0 8516051 115032
cs=1 2413784 337,097 «cs=1 530,764 2,133,067 86,726 324 ps=1 3204620 371,700

cs=2 88,170 21540 cs=2 20,201 61,961 27,496 52 ps=2 129,088 32,623
cs=3 248 152 cs=3 163 200 37 0 ps=3 93 665

s10 k=0 kl=1 s10 ps=0 ps=1 ps=2 ps=3 s10 k=0 kl=1
cs=0 9403746 105135 «cs=0 8,907,804 590,193 10,827 57  ps=0 9823619 121927
cs=1 2462042 288839 cs=1 996,117 1,721,714 32,994 56 ps=1 2,089,131 276,780
cs=2 95706 14,004 cs=2 41377 53,866 14,456 11 ps=2 49,054 9,237
=3 327 73 ¢s=3 248 138 14 0 ps=3 17 107
s100 k=0 ki=1 100 ps=0 ps=1 ps=2 ps=3 100 k=0 kl=1
cs=0 9476056 32825 ¢cs=0 9399231 108589 1,056 5 ps=0 11,477,102 48,100
cs=1 2609334 141547 =1 2039910 705313 5,655 3 ps=1 706351 129,214
cs=2 105616 4094  cs=2 85,702 21,624 2,384 0 ps=2 7,937 1,160
cs=3 384 16 =3 359 39 2 0 ps=3 0 8

cl k=0 k=1 cl ps=0 ps=1 ps=2 ps=3 cl k=0 k=1
cs=0 9258256 172692 «cs=0 8,012,299 1371540 46,735 374 ps=0 8428326 121,886
cs=1 20387516 440987 «cs= 518,485 2,223,883 85,815 320 ps=1 37178489 479,699
cs=2 86,984 23058 cs=2 19,272 62,578 28,143 49 ps=2 126,087 34,642
=3 232 147 ¢s=3 156 187 36 0 ps=3 86 657

c5 k=0 k=1 c5 ps=0 ps=1 ps=2 ps=3 c5 k=0 kl=1
cs=0 9262580 168368 «cs=0 8,085327 1,303,071 42,221 329 ps=0 8517758 122,843
cs=1 2389897 438606 cs=1 535250 2,211,669 81,298 286 ps=1 3,103,588 473,931
cs=2 87417 22625 cs=2 19,861 62,599 27,535 47  ps=2 118705 32,385
=3 237 142 ¢s=3 163 180 36 0 ps=3 80 582

Source: Author’s calculations based on UN Comtrade.
Note: The row and column names show how many times a relationship (reporter-partner-commodity) has
been tagged as a discovery by the respective definition in any of the 17 years in the sample.



Appendix D. Length of the Samples Phase in the PS Definition of Discovery

Table D.1 and Table D.2 show the share of flows tagged as a discovery by the PS
definition, in any year, that had a samples phase of the respective length. At the
world level, for exports and the v1 definition of trading sample, 0.98848 of all
discoveries had a zero-length window 2, i.e. moved from samples to established-
product trade in the subsequent year, 0.00856 had a samples phase of one year,
etc. Sample definition s0 does not distinguish samples from established-product
flows, hence all discoveries have a zero-length sample phase.

Table D.1. Distribution of the Length of the Samples Phase of Exports
Discoveries, by Sample Definition

length vl v5 ql q5 s0 s10 s100 cl c5
0 098848 094413 099439 096928 1.00000 0.79373  0.53906  0.99930  0.98643
- 1 0.00856  0.03912  0.00394  0.01998  0.00000 0.11782  0.19234  0.00054  0.00971
= 2 000286 0.01416  0.00140 0.00805 0.0000 0.05348 0.11027  0.00016  0.00341
2 3 000009 000198 0.00019 0.00177 0.00000 002093 0.07283  0.00000  0.00034
4 000002 000052 0.0007 0.00069 0.0000 0.00973 0.05065 0.00000  0.00010
5 000000 0.00010 0.00002 0.00025 0.00000 0.00431  0.03486  0.00000  0.00002

length vl v5 ql q5 s0 s10 s100 cl c5
0 098799 094113 099626 097260  1.00000 0.78588  0.50173 ~ 0.99940  0.98640
K 1 0.00881  0.04299  0.00291  0.01961 0.00000 0.13371  0.23564  0.00051  0.01025
;ib 2 000303 0.01366  0.00077  0.0572  0.0000 0.05000 0.11732  0.00009  0.00296
=] 3 000016 0.00186 0.00003 0.00163  0.00000 0.01879  0.07100  0.00000  0.00036
@ 4 000000 000028 0.00003 0.0041 0.00000 0.00852 0.04473  0.00000  0.00003
5 0.00000 0.00007 0.00000 0.00003 0.00000 0.00309 0.02958  0.00000  0.00000

length vl v5 ql q5 s0 s10 s100 cl c5
0 099160 094697 099627 097465  1.00000 0.81555  0.54967  0.99938  0.98748
8 1 0.00622 0.03940 0.00257 0.01780 0.00000 0.11565 021838  0.00041  0.00956
8 2 000209 0.01155 0.00107  0.00579  0.00000 0.04377 0.10632  0.00021  0.00251
g 3 000009 000166 0.00009 0.00123 0.00000 0.01556  0.06135  0.00000  0.00036
& 4 000000 000042 0.0000 0.0044 0.00000 0.00613 0.03673  0.00000  0.00009
5 0.00000 0.00000 0.00000 0.00009 0.00000 0.00334  0.02755  0.00000  0.00000

length vl v5 ql q5 s0 s10 s100 cl c5
0 099383 092114 099793 096343  1.00000 0.74658  0.60677  0.99973  0.98086
| 0.00419  0.05343 000153  0.02294  0.00000 0.13220  0.15302  0.00021  0.01325
E 2 000198 0.02099 0.00048 0.01058  0.00000  0.06881  0.09938  0.00007  0.00511
5 3 000000 0.00331 0.00004 000209 0.0000 0.03000 0.05783  0.00000  0.00058
S} 4 000000 000098 0.00001 0.00078 0.0000 0.01519 0.04779  0.00000  0.00020
5 000000 0.00014 0.00001 0.00018 0.00000 0.00722  0.03522  0.00000  0.00000

length vl v5 ql qs s0 s10 s100 cl [
0 098631 093818 099260 0.96500  1.00000  0.79041 054695  0.99904  0.98469
1 0.00954  0.04138 000512 0.02228 0.00000 0.12075 0.18910  0.00074  0.01038
S 2 000391 0.01704 0.00203 0.00966 0.00000 0.05613 0.10969  0.00022  0.00434
=} 3 000021 0.00267 000020 0.00196 0.0000 0.01986  0.07201  0.00001  0.00043
4 000004 000066 0.00004 0.0080 0.0000 0.00927 0.04992  0.00000  0.00015
5 000000 0.00007 0.00001 0.00031 0.00000 0.00357 0.03233  0.00000  0.00001

length vl v5 ql q5 s0 s10 s100 cl c5
0 098737 093902 099878 099033  1.00000 074021 032223  0.99985  0.99591
< 1 0.00927  0.04218 000088  0.00675 0.00000  0.14372  0.21503  0.00012  0.00310
£ 2 000324 0.01648 0.00031 000248 0.00000 0.07323 0.16421  0.00004  0.00094
6 3 000010 0.00185  0.00002  0.00034 0.0000 0.02681 0.13035  0.00000  0.00004
4 000002 000040 0.0001 0.0008 0.0000 0.01166 0.09798  0.00000  0.00002
5 0.0000 0.00007 0.00000 0.00003 0.00000  0.00437  0.07019  0.00000 _ 0.00000

Source: Author’s calculations based on UN Comtrade.



Table D.2. Distribution of the Length of the Samples Phase of Imports
Discoveries, by Sample Definition

length
0
s
S 3
4
5
length
0
R 1
s 2
Sh
= 3
= 4
5
length
0
8 1
g 2
5 3
= 4
5
length
0
g 1
2
£
5 3
©) 4
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length
0
1
< 2
=) 3
4
5
length
0
< 1
£ 2
S 3
4
5

vl
0.98880
0.00827
0.00283
0.00008
0.00002
0.00000

vl
0.98452
0.01128
0.00401
0.00016
0.00003
0.00000

vl
0.99049
0.00704
0.00242
0.00005
0.00000
0.00000

vl
0.99713
0.00205
0.00082
0.00000
0.00000
0.00000

vl
0.98965
0.00758
0.00271
0.00005
0.00000
0.00000

vl
0.98847
0.00831
0.00316
0.00006
0.00000
0.00000

v5
0.94544
0.03805
0.01406
0.00187
0.00048
0.00010
vS
0.92268
0.05434
0.01954
0.00275
0.00060
0.00009
v5
0.92370
0.05431
0.01898
0.00235
0.00057
0.00010
v5
0.94730
0.03685
0.01342
0.00184
0.00051
0.00008
v5
0.95361
0.03348
0.01111
0.00145
0.00033
0.00002
v5
0.94425
0.03929
0.01424
0.00173
0.00047
0.00002

ql
0.99425
0.00403
0.00147
0.00017
0.00005
0.00002
ql
0.99460
0.00407
0.00112
0.00021
0.00000
0.00000
ql
0.99490
0.00359
0.00125
0.00019
0.00006
0.00000
ql
0.99849
0.00101
0.00047
0.00004
0.00000
0.00000
ql
0.99044
0.00669
0.00231
0.00039
0.00013
0.00004
ql
0.99112
0.00610
0.00226
0.00036
0.00015
0.00002

q5
0.96864
0.02045
0.00825
0.00176
0.00066
0.00025
q5
0.95756
0.02773
0.01132
0.00244
0.00084
0.00011
q5
0.96512
0.02315
0.00917
0.00176
0.00054
0.00025
q5
0.97860
0.01471
0.00493
0.00123
0.00030
0.00023
qs
0.96631
0.02212
0.00826
0.00214
0.00090
0.00028
qs
0.95025
0.03076
0.01358
0.00369
0.00129
0.00043

s0
1.00000
0.00000
0.00000
0.00000
0.00000
0.00000
s0
1,00000
0.00000
0.00000
0.00000
0.00000
0.00000
s0
1.00000
0.00000
0.00000
0.00000
0.00000
0.00000
s0
1.00000
0.00000
0.00000
0.00000
0.00000
0.00000
s0
1,00000
0.00000
0.00000
0.00000
0.00000
0.00000
s0
1.00000
0.00000
0.00000
0.00000
0.00000
0.00000

s10
0.78871
0.11702
0.05570
0.02263
0.01086
0.00507
s10
0.69116
0.16313
0.08243
0.03778
0.01716
0.00835
s10
0.69969
0.16293
0.07973
0.03428
0.01636
0.00700
s10
0.80528
0.11844
0.04775
0.01830
0.00708
0.00315
s10
0.81591
0.11264
0.04535
0.01680
0.00662
0.00268
s10
0.76095
0.13795
0.06116
0.02521
0.01031
0.00442

s100
055231
0.17814
0.10889
0.07120
0.05158
0.03788
s100
0.40426
0.21308
0.13332
0.10210
0.08612
0.06111
$100
0.39554
0.21806
0.14206
0.10644
0.08067
0.05723
$100
0.54488
021124
0.10539
0.06807
0.04458
0.02584
$100
055013
0.21699
0.10434
0.06278
0.04090
0.02486
s100
0.47989
0.20178
0.11683
0.08827
0.06453
0.04870

cl
0.99932
0.00052
0.00016
0.00000
0.00000
0.00000
cl
0.99912
0.00067
0.00021
0.00000
0.00000
0.00000
cl
0.99933
0.00055
0.00013
0.00000
0.00000
0.00000
cl
0.99984
0.00014
0.00002
0.00000
0.00000
0.00000
cl
0.99897
0.00072
0.00031
0.00000
0.00000
0.00000
cl
0.99901
0.00074
0.00025
0.00000
0.00000
0.00000

c5
0.98678
0.00949
0.00332
0.00032
0.00008
0.00001
[
0.97930
0.01484
0.00527
0.00053
0.00005
0.00000
[
0.98511
0.01094
0.00364
0.00028
0.00002
0.00000
[
0.99016
0.00726
0.00224
0.00031
0.00002
0.00000
[
0.98699
0.00955
0.00301
0.00029
0.00016
0.00000
[
0.98230
0.01282
0.00438
0.00042
0.00008
0.00000

Source: Author’s calculations based on UN Comtrade.
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