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Abstract

This thesis explores empirically and theoretically the determinants of the process
of product addition at the firm level. This process is relevant because it is the main
driver of product switching, which has been found to be a key source of economic
efficiency. This thesis consists of three chapters, which are sequentially
connected, although each of them is a self-contained research paper. In chapter
one | present new empirical evidence about the process of product addition at the
firm level by using a detailed dataset of Colombian manufacturing firms from 1992
to 2017. My main finding is that the products that require an input mix that is more
similar to the input mix currently used by a firm are more likely to be added by such
firm in the future, even 3 years ahead, and that this correlation between the
similarity in the input mix and the probability of product addition is larger for firms
with more skilled labour. In Chapter 2 | present a model that rationalizes this main
finding from chapter 1, among other findings. This model features key input-related
characteristics that make some new products more profitable for firms than others.
It focuses on the evolution of firm-input-specific productivities that determine what
potential new products are chosen by the firms to be produced. This model yields
specific propositions about the process of product addition at the firm level. Finally,
in Chapter 3 | present empirical evidence that is mostly consistent with these
propositions. For this, | use the same dataset as for Chapter 1. Very importantly, |
perform an estimation of the structural firm-input-specific productivities in this last
chapter, in addition to a causality analysis. For this latter | use an exogeneous

reduction in tariffs carried out by the Colombian government in 2011.



Impact Statement

Economic growth is one of the key drivers of social progress in every nation and
city of the world. As a consequence, growth policies are very common both at the
national and subnational level. In general, they aim at promoting the general
growth of the economies, and/or the growth of specific regions or economic
sectors. For a targeted growth policy to be successful, it should target specific
determinants of economic growth. These determinants should be ideally identified
at a sufficiently specific level as to be well targeted by specific policies. This work
contributes to this purpose by identifying key firm-specific determinants of the
process of product addition. This is relevant because product addition is the main
driver of product switching, which is the process in which a firm adds new products
to its product mix and (possibly) drops other products from it. In turn, product
switching is a key source of efficiency and growth at the firm level. If firms grow,
the sectors, regions and countries that they belong to also grow. Despite this
importance of the process of product addition, the research about its main
determinants at the firm level has gained relevance only in very recent years (less
than a decade). This work contributes to this research by identifying very granular
firm-specific factors that allow firms to add more easily new products to their
product mixes. Very importantly, these factors are not just firm-specific, but also
firm-product-specific. In other words, this work does not only identify what factors
are relevant for firms to add new products in general, but also what products are

more likely to be added, given possible improvements in these factors.
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Abstract

Product switching at the firm level is a key determinant of economic
growth. One of its main dimensions is the addition of new products by
firms (referred to here as product addition). This work uses a dataset of
Colombian manufacturing firms from 1992 to 2017 to examine what are
the characteristics of the new products added by firms to their product
mix, and how such characteristics interact with characteristics of firms
themselves. My main finding is that the potential new products that re-
quire an input mix that is more similar to the input mix currently used
by a firm are more likely to be added by such firm in the future, even 3
years ahead. This positive correlation between the similarity in the input
mix and the probability of product addition is larger for firms with more
skilled labour. All this suggests the existence of persistent firm-input-
specific economic factors that determine product addition. Such factors
must be theoretically and empirically analyzed by future works, given
their importance for growth policies. This is what chapters 2 and 3 of
this thesis do.

1 Introduction

This paper is the first of three chapters that constitute my Ph.D. thesis. It
presents new evidence about the phenomenon of product addition by Colom-
bian manufacturing firms. The second chapter presents a theoretical model that
rationalizes such findings. Finally, the third chapter evaluates the empirical va-
lidity of the predictions yielded by the model presented in the second chapter.

The addition of new (presumably more profitable) products by firms to their
production mixes and/or their dropping of other (presumably less profitable)
products when needed is a very important economic phenomenon. This process
is referred to here as product switching. It has been found to be an impor-
tant source of reallocation of resources within U.S. manufacturing firms towards
their more efficient use (Bernard, Redding and Schott (2010)), as it allows firms
to move their resources to more profitable activities (by switching products).
Given this, the phenomenon of product switching contributes as much as the
phenomenon of firm entry and exit to the evolution of U.S. aggregate manu-
facturing output (ibid.). It is also an important determinant of variability in
the aggregate economic activity. Namely, firms drop more products and/or add



less products in recessions (as their productivities fall), and this reduces the
aggregate consumption because the number of varieties fall and the mark-ups
increase (as there is less competition in the market for each product). These
procyclical reductions in the aggregate consumption lead to reductions in the
aggregate output, deepening the recessive episodes (Guo (2019)).

A key dimension of product switching at the firm level is the process of
product addition, which happens when firms add new products to their product
mixes. Product addition has been found to be more prevalent than product
dropping in the U.S. (Broda and Weinstein (2010)), which means that the for-
mer drives the process of product switching to a larger extent than the latter.
Product addition at the firm level generates positive spillovers for other firms’
output (Ornaghi (2006)), as it may reduce the cost of inputs for other firms,
and the newly produced products can be replicated by other firms. If a case of
product addition by a firm implies also a case of product addition for a country
as a whole (because the product is not only new for the firm but also for the
country), it might be a source of economic growth, depending on how sophisti-
cated the new product is. This because the addition of new more sophisticated
products to the product mixes of countries has been found to be correlated with
increases in their GDP per capita (Hausmann et al. (2009))!.

Given this relevance of the process of product addition for reallocation of
resources, productivity and economic growth, identifying its firm-level economic
determinants is very important for analytical purposes and also for public pol-
icy. The identification of different possible determinants should ideally give rise
to different policies, as good policies should target only the relevant determi-
nants. I discuss the policy implications of the main findings of this thesis about
the firm-level determinants of product addition in its third chapter. In spite
of their importance, these determinants have not been sufficiently explored yet,
and they started receiving sufficient attention just in recent years.

It was only very recently that some authors published empirical works that
analyze the possible determinants of product addition at the firm level for a few
countries. These works tackle key questions such as what are the characteris-
tics of the new products added by firms and what these characteristics tell us
about the underlying economic determinants of product addition. This paper
contributes to this efforts by presenting a set of new empirical facts that shed
light about the possible determinants of product addition by Colombian manu-
facturing firms during the last decades.

In this paper I explore what product-level characteristics make some poten-
tial new products more likely to be added by Colombian manufacturing firms in
the future to their production mixes than others, and also the way in which such
characteristics interact with some characteristics of firms (namely, with skilled
labour) 2. To do so, I construct a comprehensive dataset with detailed infor-

Hausmann et al. (2009) define sophistication in such a way that a product is considered
more sophisticated if it is produced by fewer countries, and if it produced by countries with
more diversified products mixes.

2] also explored other dimensions of product switching different from product addition
(such as dropping of products, number of produced products, number of years that a product



mation of Colombian manufacturing firms during the period 1992-2017. This
dataset contains yearly information for every Colombian firm with more than 10
employees and/or sales above 120k U.S. dollars. It includes product-level infor-
mation of prices and quantities for every firm, both for inputs and outputs, in
addition to firm-level key variables such as capital stock, sales and labour. Very
importantly, it is possible to trace firms over time in this dataset. Chapter 2
explains in detail the construction process of this dataset and its characteristics
and advantages.

My main contribution in this paper is to establish four key empirical facts
about the process of product addition. As their relevance depends on the extent
to which they contribute to a better understanding of such process, I present
a possible economic interpretation of the respective fact in each case. Very im-
portantly, these interpretations are the basis for the theoretical model that I
present in the second chapter of this thesis.

The first fact is that some products had substantially higher conditional
probabilities of being added by Colombian manufacturing firms than others be-
tween 1992 and 2017. To conclude this, I define a feasible set of potential new
products for each firm (see section 3 for details), and then I calculate the average
probability of addition of each product across firms and years, conditional on the
fact that the corresponding product belongs to the feasible set. I find that a high
share of products has a low (j0.2) probability of being added, whereas around
11% have a probability of being added above 80%. This difference indicates
that some products are systematically more likely to be added by Colombian
manufacturing firms.

I interpret this first finding as evidence that there must have been economic
characteristics of Colombian manufacturing firms or specific circumstances and
contexts that made such firms more prone to add some new products to their
product mixes than others between 1992 and 2017.

My second contribution is to establish an important introductory fact about
the input-related characteristics® of the new products added by the Colombian
manufacturing firms to their product mixes between 1992 and 2017. Namely, I
find that firms had in this period a higher probability of adding to their product
mixes those new products whose production requires input mixes that are more
similar to the input mixes they used before, just as Boehm et al. (2019) found
for Indian firms. Formally, I find a positive and significant correlation between
the similarity in terms of the input mix between a potential new product p and
a firm f in a specific year and the probability that f adds p to its product mix
one year ahead 4.

remains in the product mix of a firm and dispersion of the product-level shares of sales within
a firm, among others). However, none interesting correlation was found between them and
the characteristics of products and firms available in the dataset used for this paper.

3Here I use the word inputs to make reference to the set of physical materials used by a
firm to produce its products by transforming them jointly into these latter. This set does
not include the different types of physical capital, as these are not directly transformed into
products.

4Hereinafter T will use just the phrase ”more similar” to make reference to the fact that
a product is more similar to a firm in terms of its input miz. Similarly, I will use just the



I interpret this second finding as evidence that the economic characteris-
tics that cause different probabilities of addition for different products by the
Colombian manufacturing firms must be related to their use of inputs, as it
is the similarity in the input mix what seems to matter for product addition.
Very importantly, I hypothesize that these characteristics must be firm-product-
specific, as they yield different probabilities of addition for different products
within the same firm. I conclude this after discarding other possible firm’s char-
acteristics and other possible reasons for product addition, such as changes in
the prices of products.

My third and fourth findings are the most important contributions of this
paper, given their novelty and relevance. They both deepen on the aforemen-
tioned correlation between similarity and the probability of product addition.
The third finding is that the advantage of the more similar products in terms of
the probability of addition is larger in firms with more non-production workers.
Formally, I find that the interaction of the number of non-production workers of
a firm f and the similarity between this firm and a product p in a year ¢ is posi-
tively correlated with the probability that f adds p to its product mix one year
ahead, even when I control for the similarity and the number of non-production
workers themselves.

I interpret my third finding as evidence that the firm-product-specific char-
acteristics that cause different probabilities of addition for different products
within the same firm must interact with skilled labour (proxied here by the
number of non-production workers) in such a way that having more skilled
labour in a firm magnifies to a larger extent its probability of addition of those
products for which it has good or high firm-product-specific characteristics. In
short, firm-product-specific characteristics seems to interact in a complementary
way with skilled labour.

Finally, my fourth finding is that the correlation between future product
addition and the interaction of the current similarity and the current number of
non-production workers remains positive and significant over time. Namely, it
remains positive and significant even when ”future” means three years ahead.
Formally, I find that Colombian manufacturing firms add more often in ¢ + 1,
t + 2 and t + 3 those potential new products that are more similar in ¢ to their
production in terms of the input mix. Very importantly, this persistent differ-
ence in probabilities in favor of more similar products is larger in firms that
employ more non-production workers.

I interpret my fourth empirical finding as evidence that the firm-product-
specific characteristics that cause different probabilities of addition for different
products within the same firm must persist over time to some extent. In other
words, they do not seem to disappear to a full extent from one period to other,
as the correlation between current similarity and future product addition per-
sists for several years.

word ”similarity” to make reference to the similarity in terms of input miz between a product
p and a firm f.



Summarizing, the sequence of my empirical contributions allows me to con-
clude in this paper that firm-product-specific economic factors related to the
use of inputs may have determined to some extent the addition of potential
new products by Colombian manufacturing firms between 1992 and 2017. Very
importantly, such factors seem to persist over time to some extent. In addition,
the extent to which these factors yield the addition of potential new products
depends on the quantity of skilled labour used by a firm. Conversely, the size
of the relation of this skilled labour with the probability of addition of the po-
tential new products seems to depend on these firm-product-specific economic
factors.

Given all these characteristics of the aforementioned firm-product-specific
factors, I hypothesize in this paper that it can be the case that Colombian firms
had in the period 1992-2017 firm-input-specific productivities that allowed them
to add to their production mixes those products that required intensively those
inputs in which such firm-input-specific productivities were high. For example,
if a firm was good at using glass in a year ¢ and it had never produced win-
dows or books, it is natural to hypothesize that it was more prone to produce
windows than books in the subsequent years (as windows are more intensive in
glass than books). These interactions of firm-input-specific productivities with
product-specific intensities constitute what I initially called firm-product-specific
factors. Even though this possibility is not the only consistent with the facts
presented here, it is effectively consistent with them. In addition, I hypothesize
that these firm-input-specific productivities persist over time to some extent,
and also that they interact in a complementary way with the quantity of skilled
labour used by a firm.

The remainder of this paper contains four more sections. Section 2 explains
in detail what are the strands of literature that this paper contributes to, and
how it is related with the most important works in each of them. The third sec-
tion describes the dataset in detail and explains how it is used for the purposes
of this paper. Section 4 presents in detail all the empirical facts summarized in
this introduction and my economic interpretations of them. Finally, Section 5
presents the conclusions of this work.

2 Contributions to the existing literature

This paper contributes to several strands of literature, which have analyzed the
phenomenon of product addition from different perspectives and at different
levels of aggregation. There has been a natural sequence of relevant research
questions about this phenomenon in the last decades, and this paper contributes
especially to the strand that tackled questions about the characteristics of the
potential new products added by firms.

The research questions about product addition during the last decades can
be summarized in three key questions, which have been sequentially explored
by different authors in the same chronological order that they appear here: (i)



Are some products more likely to be added than others in different contexts? In
other words, are there patterns of product addition? (ii) If this is the case, what
products are more frequently added? In other words, what are the patterns of
product addition? And finally (and most importantly in terms of economic
analysis), (iii) what economic factors explain such patterns, if they exist?

This paper contributes to the strand of literature that tackles the question
(i) above (about the possible existence of patterns in the phenomenon of prod-
uct addition), as it corroborates and reinforces the conclusive previous evidence
of the existence of patterns of product addition. I find here that the Colombian
manufacturing firms were much more likely to add some products than others
between 1992 and 2017. This finding contributes to confirm the validity of the
previous findings that both countries (Hausmann and Hidalgo (2006)) and firms
(Boehm et al. (2019), Bernard and Redding (2010), MacDonald (1985)) follow
patterns in their processes of product addition (this is, that some new products
are systematically more likely to be added to the product mix of countries and
firms and countries).

To start, my first contribution is consistent with the conclusions of the pa-
pers that find patterns of product addition at the aggregate level. Hausman and
Hidalgo (2006) found that countries add to their product mixes products that
are more similar to the products they produced before. They define similarity
between two products as their empirical probability of joint production, using
data of country-level product mixes during almost 70 years.®. A similar fact is
found for international trade flows. Feenstra and Rose (2000) found that there
is on average a recurrent order in which countries tend to add new products to
their baskets of exports to the United States.

Related with this, Eaton et al. (2007) found that there is a non-stochastic
order in which Colombian exporting firms tend to enter to the different foreign
markets. Although this possibility is not explored by them, this might happen
to some extent because of patterns in the process of product addition by these
firms. Namely, it is possible that different countries demand different products
(given their preferences and levels of income), and Colombian firms enter to the
markets of each country when the new products of the latter (determined by
their patterns of product addition) coincide with the products demanded by the
former.

My first contribution is also consistent with the conclusions of the papers
that find patterns of product addition at the micro level. Boehm et al. (2019)
found that some potential new products were more likely to be added by Indian
manufacturing firms in recent decades than others. Although other papers are
about the process of joint simultaneous production (instead of the process of

5Even though this fact seems to be more related to the second question about the pattern of
product addition than to the first one about whether there is effectively a pattern, I associate
it to this latter because what Hausman and Hidalgo (2006) really found is just the existence
of the pattern that countries tend to add products that have been added often by other
countries with similar production baskets, and not any fact related to the similarity between
the potential products and such baskets in any dimension, as the term ”similarity” used by
them may suggest.



product addition), joint production is necessarily preceded by product addition
in some order. Therefore, my first contribution also reinforces their validity
to some extent. This is the case of Bernard, Redding and Schott (2010), who
found empirical evidence against the hypothesis that the identity of each prod-
uct produced by a U.S. manufacturing firm is independent of the identities of
the other products it produces. Similarly, Bernard, Redding and Schott (2011)
found that some pairs of products are more likely to be jointly produced within
a U.S. manufacturing firm than others.

This work also contributes to the strand of literature that has tackled the
question (ii) above. Once it became commonly accepted that both countries and
firms follow patterns when they add new potential products to their production
mixes or exports baskets, the next natural question was what those patterns
are at the aggregate level and at the firm level. In other words, what are the
characteristics of the new products added by firms and countries to their pro-
duction mixes? Different works have found different answers to this question in
different temporal and geographical contexts. My contribution to this strand
is to present evidence that Colombian manufacturing firms are more likely to
add in the future to their product mixes new products that require input mixes
that are more similar to the ones they use in the present. Very importantly, I
also present evidence that skilled labour augments the size of this correlation
between similarity and product addition, and that this augmented correlation
remains significant even when I analyze product addition three years ahead.

In this second strand of literature, my paper is very closely related to two
specific papers. Those two works stand out within this strand because they
examine in detail if some specific characteristics of products are correlated with
some dimension of product selection, just as I do in this paper 6. Firstly, Boehm
et al. (2019) found for Indian firms that a product k that is not produced by a
firm f in a year t is more likely to be added by f to its product mix in t+1 if £ is
used intensively as an input by f in ¢, and also if the production of k£ requires an
input mix that is similar to the input mix used by f in ¢. In a more recent work
with data for U.S. manufacturing firms, Ding (2020) found that a firm’s sales
of a particular product & fall on average when there is a positive demand shock
to another of its products (called j here), but its sales of k actually increase
when this positive demand shock to j occurs if j and k are sufficiently similar
to each other in terms of the combinations of knowledge inputs required for
their production (called knowledge input miz hereinafter). Very importantly,
he found that this complementarity in demand does not exist between pairs of
products that are similar to each other in terms of the combination of other
(non-knowledge) inputs required for their production.

The results from Boehm et al. (2019) and Ding (2020) are contradictory
to some extent, as the former finds that similarity is positively correlated with
a dimension of product selection (product addition), whereas the latter finds
that similarity is not positively correlated with another dimension of product
selection (sales growth), unless the analysis is restricted to knowledge inputs.

6The dimension of product selection explored by Boehm et al. (2019) and me is the addition
of new products, whereas Ding (2020) uses the growth of sales of existing products



Although it is possible that a potential new product is chosen to be produced
because of similarity but similarity is subsequently irrelevant for the growth of
its sales, it is more reasonable to expect that both dimensions of product selec-
tion are related with similarity in the same direction “. My work sheds light on
this discussion, as I find the same result as Boehm et al. (2019). However, I
find that the correlation of product addition with similarity is stronger in firms
with more skilled labour, which might be consistent with Ding’s (2020) findings
if the Colombian firms with more non-production workers use more knowledge
inputs. I do not analyze here if this is the case.

My findings about the importance of the similarity in the input mix for
product addition are also related to the work of Guo (2019). Even though she
did not analyze the possible role of similarity as a determinant of the pattern
of product addition, she found a relation between the availability of inputs and
product switching (which is mainly driven by product addition). Namely, she
found that the physical availability of inputs matters for the product switching,
as it determines the capacity of the firms to produce different products. This
finding is related to the ones presented in this paper because inputs play a key
empirical role in both cases. In my work, their use determines product addition.
In hers, their availability determines product switching (which is mainly driven
by product addition). The third chapter of this thesis presents an analysis of
causality that is closely related to Guo’s (2019) work, in the sense that I explore
there if another dimension of availability (different from phyisical availability)
has an effect on product addition. Namely, I explore there if an exogenous gen-
eralized cheapening of inputs has an effect on product addition.

My work also complements the conclusions from MacDonald (1985), who
summarized and built on findings from several industrial organizations researchers
about the determinants of the selection of industries towards which U.S. man-
ufacturing firms decide to move when they add new products to their product
mixes. This work identifies the new industries selected by the firms and not new
products as I do. Therefore, my work identifies more granular firms’ decisions.
However, my work is still complementary to his because they both analyze possi-
ble determinants of the direction of the process of product addition (as entering
a new industry necessarily implies producing at least one new product). Mac-
Donald (1985) concluded that U.S. manufacturing firms between 1963 and 1977
entered more often into new industries that were more similar to the industries
in which they already produced in terms of R&D and marketing intensities, and
also into vertically related industries (this is, into industries whose products
they used intensively as inputs in previous years).

My work also complements and extends findings from other works of this
second strand of literature that do not explore if some specific characteristics
of products are correlated with product addition (as I do), but instead present
suggestive evidence of the nature of such characteristics. This is the case of
Bernard, Redding and Schott (2011), who found that firms tend to add prod-
ucts that are similar to those that they produce already. However, they do not

7As long as the role of similarity reflects capacities or skills of firms to use some specific
inputs



define similarity, but only exemplify it. By using a formal empirical definition
of similarity and exploring its correlation with product addition, I deepen on
this suggestive evidence and I contribute to reinforce its validity. Although I
use the same definition of similarity as Boehm et al. (2019), I present important
new facts. Namely, I find that current similarity (measured as in Boehm et al.
(2019)) remains positively correlated with future product addition even three
years later, and that this correlation is larger the more skilled labour a firm has.

Finally, my work is related to a set of papers that do not strictly belong
to this second strand of literature as they do not establish characteristics of
the products added by firms, but that establish important characteristics of
the firms that add more products on average to their product mixes or to their
exports baskets®. Bernard, Redding and Schott (2010) found that product addi-
tion is more likely to be performed by larger firms (both in terms of output and
employment) and by more productive firms (both in terms of output per worker
and total factor productivity). On the other hand, Freund and Pierola (2016)
found that atypically large firms (in terms of size) add many more products to
their exports baskets than the rest of firms®. My work is related to these works
because I also find a positive correlation between a particular characteristic of
firms and product addition. Namely, I find that firms with more skilled labour
have a higher probability of adding new products to their product mixes. Very
importantly, I find that this feature makes them especially prone to add more
similar products in terms of the input mix. The product-specific reach of this
latter conclusion is exclusive of my work within this set of works.

This work also contributes to the strand of literature that tackles the ques-
tion (iii) above. Namely, this work sheds light about possible novel economic
factors behind the patterns of product addition. My main contribution to this
strand is to present an economic interpretation of the new evidence presented
here that emphasizes on the novel role of possible dynamic and persistent firm-
input-specific productivities as key determinants of product addition. Moreover,
I theorize that the evolution of these productivities depends on the skilled labour
of a firm. To the best of my knowledge, input-related factors with these features
of persistence and dependence on skilled labour have not been theorized before.

Several models with microeconomic foundations have theorized about the
economic factors that determine the patterns of product addition or of related
dimensions of product switching. Ding (2020) presents a model in which two
attributes of inputs (mobility across products and scalability) and the intensity
in their use for the production of different products determine how the produc-
tion of some products changes as a response to shocks in the demand for others.

8The process of selection of the products that compose the exports basket of a firm may
differ from the process of selection of the products that compose its product mix. Typically,
exporting a product is harder than selling it in domestic markets. However, the profitability
of both types of sales depends typically on one same feature of the firm (productivity), with
different thresholds in each case. In this sense, both processes of selection of products may
be correlated, and it makes sense to review and mention here those works that have identified
characteristics of the firms that add more products to their exports baskets.

9Namely, they found that the contribution of top 5 firms (by sales) account on average for
85% of the cases of addition of new products to the exports basket of a country, using for this
analysis a sample of 45 countries of different sizes from different regions.



Closely related to this, MacDonald (1985) theorizes that firms transfer their in-
tangible capital among different activities to diversify their production. Boehm
et al. (2019) propose a model in which firms decide simultaneously what in-
puts to become good at using (by making input-specific investments) and what
products to produce.

Even though I do not present a formal model of product addition in this
paper, my interpretation of the new findings presented here complements to
some extent the theories proposed by Ding (2020), Boehm et al. (2019) and
MacDonald (1985), as I theorize that economic factors with novel key features
determine product addition to some extent. Namely, I interpret such findings
as evidence of the existence of novel key dynamic economic factors (firm-input-
specific productivities) that persist over time. In addition, I theorize about
the key role of skilled labour for the evolution of these productivities. These
features of my interpretation differ from key features of the theories proposed
by Ding (2020), Boehm et al. (2019) and MacDonald (1985), as I explain below.

The key properties of inputs do not persist over time in the model proposed
by Ding (2020) (as neither his empirical facts nor his model explore dynamic
correlations between input-based variables and sales growth). On the other
hand, MacDonald (1985) does not deepen on the properties of the intangible
capital. As for Boehm et al. (2019), the evolution over time of their proficiencies
in the use of different inputs is not modeled by them, and skilled labour does
not play any role in their model. Even though my interpretation is not the only
consistent with the new evidence presented here, it is consistent with it. The
second chapter of this thesis deepens on this contribution, as I present there a
formal model of product addition that builds on my interpretation of the new
evidence presented in this paper.

3 Description of the data

This work uses a very detailed and comprehensive database for the Colombian
manufacturing sector. It is often called EAM, which stands for its initials in
Spanish (”FEncuesta Anual Manufacturera”). T will use these initials through-
out this document. The Administrative Department for Statistics of Colombia
-DANE- started gathering information about the manufacturing firms of Colom-
bia in 1950. Nowadays, it surveys each year every Colombian manufacturing
firm with more than 10 employees and/or sales above an amount in Colombian
pesos equivalent to 120k U.S. dollars in 2021, approximately.

The EAM contains several very important modules of information that
played a key role in the process of finding the empirical facts that I will present
in the next section of this paper. One of them is a module of products. This
includes detailed information of every product sold by each manufacturing firm.
This information includes the unitary price of each product produced each year
by each firm, and also the quantity sold of each of them. It also includes both
of these variables (unitary price and sold quantity) for exports. In addition,
the EAM contains a module of inputs, which includes data on the purchased
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quantity and the unitary price of every input used by every firm in each year.
This module also contains imported quantity and unitary price of imports for
every imported input of each firm every year.

The EAM contains also several firm-level modules. One of them includes
detailed information of the capital stock of each firm, disaggregated by type
of capital. Namely, the EAM includes the estimated value in Colombian pesos
of three types of capital stock for each year: machinery and equipment, office
equipment (which includes information and communication technologies), and
transport and storage equipment. The EAM does not only include the value of
the stock owned by the firm of each of these three types of capital, but also the
yearly depreciation of each of them, and the value of investment on each type
of capital. My checks that the value of each capital stock each year was equal
to the value of the previous year less the depreciation plus the investment were
successful.

The EAM also contains firm-level information of employment. This module
includes the number of workers by the type of work they perform. In some years
this disaggregation was more detailed than in others. Namely, for some years
it is possible to know the number of people in charge of sales, the number of
managers, the number of administrative staff, the number of professional staff
working in plant production'® and the number of plant operators'!. Unfortu-
nately, the information of workers is less disaggregated for other years. As a
consequence, I had to include all the workers in only two categories in every
year, with the purpose of having consistency across years: production workers
(which includes plant operators and professional staff working in plant produc-
tion) and non-production workers (who are defined as all the workers in charge
of developing and conducting the economic, financial and administrative policies
of a firm, together with sales staff, administrative staff and distribution staff).
Very importantly, the category of non-production workers includes the research
and development staff, if these tasks are performed by the firm.

It would be ideal for this paper to distinguish between managers, R&D staff
and other non-production workers, as each category might have a different ef-
fect on product addition. However, this is not possible, as the firms reported a
unique number of people for this whole category in the EAM in several years.
In the next section I will use this total number as a proxy of skilled labour. This
could be controversial to some extent as it includes sales staff and distribution
staff, together with managers and R&D staff. However, it is still true that this
number increases when a firm employs more managers, high-level managerial
professionals and R&D professionals, and that it is unlikely that a firm increases
to a large extent the scale of its sales and distribution staff without having more
managers and high-level managerial professionals. I will discuss this point in
depth in the next section.

The EAM includes some cost modules that contain relevant information that

10This category includes the professionals (such as engineers), technicians and technologists
who work directly in the physical production department of a firm.

1 This category includes all the workers in charge of assembling, manufacturing, production
and packaging activities
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is not being used for this paper, but many researchers could be interested in
using in the future. Namely, these costs modules include information of costs of
energy and water, telecommunication services, taxes, interests and rent, among
many other variables. In some years it includes complete modules about energy
use, which intend to characterize the evolution of main energy sources of firms.

Very importantly for this research, each firm and plant is uniquely identified
in the EAM with a numerical code that remains the same every year, as long as
the firm is surveyed (which depends on the thresholds explained before). This
allowed me to trace each firm over time and to construct a panel dataset. As
firms can entry and exit this dataset temporally or permanently (depending on
the thresholds), there might be biases in my results in this paper. This might
happen if the reasons for entering or exiting were correlated with my relevant
regressors. [ will discuss in the next section how I solved the problems that
might arise because of this possibility. However, it is worth to mention here
that the turnover is not very high in the EAM. On average, 95% of the firms
surveyed in a specific year were also surveyed one year before, and 94% of firms
surveyed in a year are also surveyed one year ahead.

I use information of the EAM from 1992 to 2017, as information of years
before 1992 has several problems and its organization would have delayed this
research substantially, and 2017 was the last available year in the database when
the bulk of this research was carried out. This period includes several economic
cycles (caused to some extent by changes in prices of the commodities), a pro-
cess of general trade liberalization and the signing and implementation of a free
trade agreement with the United States.

There is a code in the EAM that uniquely identifies a product in the modules
of products and inputs. Products and inputs are uniquely identified by a code
of the International Standard Industrial Classification (ISIC) revision 2 adapted
for Colombia from 1992 to 2000, by a code of the Central Product Classification
(CPC) version 1.0 from 2001 to 2012, and by a code of the CPC version 2.0
from 2013 to 2017. In all cases, the EAM uses the most disaggregated levels of
each classification (8 digits for the ISIC rev. 2 and 9 digits for the CPC).

The fact that the EAM uses always the most disaggragated available codes
to identify products and inputs is very convenient for this research, as it ensures
that a code truly identifies a specific product or input to the largest possible
extent. However, this also prevents me from performing analysis that required
tracing products or inputs across years with different classifications, as there do
not exist correlative tables for these levels of disaggregation, but for much more
aggregated categories of products. I could use such levels of aggregation to gain
traceability, but I would have lost specificity in the definition of products, which
I valued more. As a consequence, I can only trace products within the periods
1992-2000, 2001-2012 and 2013-2017, which fortunately are not extremely short.

The modules of products and inputs are crucial for this work. Unfortunately,
they are not freely available, as their free use could violate some Colombian laws
that protect the privacy of information for some firms that might be identified
even though firms and plants are anonymised. A good example is Reficar, the
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largest oil refinery of Colombia '2. Reficar is located in the city of Cartagena.
It produces a high share of the total amount of gasoline and diesel used in the
country. Even though it is impossible to identify Reficar by its legal ID (as this
latter is different from the identifier that was assigned to it in the anonymization
process), it is possible just to search for manufacturing plants in Cartagena in
the business of refining, and there will be just one plant with sales as high as
to correspond to Reficar. This would allow anyone to see sensible information
such as unitary prices by product.

Because of the reasons explained in the last paragraph, the modules of prod-
ucts and inputs can only be accessed from an office located at DANE’s main
building. Unfortunately, it is not possible to guarantee that codes that are left
running by external researchers run in nighttime and for several days, as in-
terruptions use to happen in the main system. For this reason, I had to use a
random sample of firms, as using all firms with all their modules of products
and inputs in all years would have implied processing times that exceeded by
far the time I was allowed to stay in their office. The pandemic of Covid-19
exacerbated this problem, as DANE’s main building was closed for almost a
year, and then reopened gradually at a very slow pace, with times as restrictive
as only 8 hours per week for several months.

The total number of firms included in the EAM has been approximately
8.000 per year in the last two decades. As I am using data from 1992 to 2017,
this means that my full firm-year-level database has in total approximately
208.000 observations (8.000 firms per year multiplied by 26 years). As each firm
produces on average 3.5 products in a year and uses on average 25 inputs in
a year, my firm-year-product-level database has in total approximately 728.000
observations, and my firm-year-input-level database has in total approximately
5.2 million observations. This latter number reflects the nature of the problem.

As T will explain in the next section, I will need to calculate similarities be-
tween a product and a firm in terms of the use of inputs for some of my empirical
findings. This requires the calculation of many dot products of two vectors of
use of inputs for each product-firm combination for each year, with each vector
having as many elements as inputs are available in the economy. Had I used my
complete database, such long dot products would have had to be calculated a
number of times equivalent to the number of available firm-year combinations
(208.000) times the average number of products in the feasible set of a firm,
which I will explain in detail below (approximately 20). I tried this, and un-
fortunately it exceeded the capacity of the computers available at DANE’s office.

In order to bypass this problem, I take a stratified random sample of 2 per-
cent of all the available firms in my full dataset, this is, 160 firms. Strata are
defined by an interaction of two dimensions: quartiles of sales of firms in their
initial year and number of produced products by firms in their initial year. This
procedure guarantees that the sample includes firms that had different sizes in
sales and different product scopes when they were born (or started complying
with the sales and /or employment requirements to be included in the EAM). The

121t has the capacity to refine 150.000 barrels of crude oil per day.
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fact that each firm’s probability of inclusion depends on the two aforementioned
variables at their initial year and not on their averages across years prevents me
from selecting a sample in which firms that started being small and grew both
in sales and in product scope were over-represented. As a consequence, my
sample yields a firm-year-level dataset with approximately 4.000 observations,
a firm-year-product-level dataset with approximately 14.000 observations and
a firm-year-input-level dataset with approximately 100.000 observations. The
next section presents in detail the findings I found by using these datasets, and
the procedures I followed in each case.

4 Empirical facts

This section presents key novel empirical facts about product addition and a
possible comprehensive interpretation of them. I mainly show here that the
potential new products that require an input mix more similar to that used by
Colombian manufacturing firms in the present are more likely to be produced
by these latter in the future (even three years ahead), and that this correlation
is larger in firms with more skilled labour. I interpret this as suggestive evi-
dence of the existence of firm-input-specific productivities that persist over time.

All the results of this section are explored and interpreted at the light of
a particular set of three hypotheses that constitute the basis of the other two
chapters of this thesis. To start, I hypothesize that each firm has specific levels
of proficiency at using different inputs, and these levels determine what new
products a firm can profitably add to its product mix and what products not,
depending on the intensities of each product in the different inputs. If a poten-
tial new product is intensive in glass and a firm is very proficient at using glass,
it is natural to expect that it is profitable for such firm to add this product to
its product mix. I called these levels of proficiency ”firm-input-specific produc-
tivities” in the introduction, and I will use that name hereinafter. I call this
hypothesis ”Hypothesis 1”7 hereinafter.

T also hypothesize that the firm-input-specific productivities persist over time
to some extent. This hypothesis is reasonable, as it is reasonable to expect that
once a firm becomes good at using a specific input, this ability does not vanish
immediately. I call this hypothesis ” Hypothesis 2” hereinafter.

In addition, I hypothesize that firms with more skilled labour can add more
easily their potential new products to their product mixes. This hypothesis is
sound, as skilled labour can be defined as the set of skilled and creative workers
who are in charge of innovation, new ideas and knowledge-intensive activities
13 As long as the capacity of a firm to add new products to its product mix
depends to some extent on skilled labour defined as before (which is reasonable),
the hypothesis above is theoretically sound. I call this hypothesis ”Hypothesis
3” hereinafter.

13Please see Sun et al. (2020) for several definitions of human capital at the firm level,
which is quantified here by the amount of skilled labour at the firm level.
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Very importantly, Hypothesis 3 has a key addition. Namely, I also hypoth-
esize that firm-input-specific productivities persist to a larger extent over time
in firms with more skilled labour. In other words, I hypothesize that having
more skilled labour does not only make a firm more prone to add new products,
but also allows it to keep its firm-input-specific productivities over time to a
larger extent. As long as the capacity of a firm to sustain its firm-input-specific
productivities over time depends on the set of skilled and creative workers who
are in charge of innovation, new ideas and knowledge-intensive activities, this
addition to Hypothesis 3 is sound.

I present below five novel empirical facts about product addition, using data
from the survey of Colombian manufacturing firms described in section 3 for
this. In all the five cases I explain why the exploration of the corresponding fact
is important at the light of the hypotheses presented above, and I interpret the
results also at the light of such hypotheses.

Fact 1: The Colombian manufacturing firms are more likely to
add some potential new products to their product mixes than others.

The first fact that needs to be established in order to find suggestive em-
pirical evidence in favor of the hypotheses previously stated in this section is
that some products are more likely to be added by the Colombian manufactur-
ing firms to their product mixes than others. This because different potential
new products are surely different in their intensities in the different inputs, and
according to these hypotheses this should imply (ceteris paribus) that different
potential new products have different probabilities of addition (unless the firm-
input-specific productivities are exactly such that even though products differ
in their input intensities, their probabilities of addition are identical or very
similar, which is very unlikely).

In order to analyze if some potential new products have indeed a higher
probability of being added by a firm to its product mix in the future, I start
by providing an unequivocal definition of potential new product and probability
of addition. Firstly, I define a potential new product for a firm f in a year ¢
as a product that belongs to its feasible set but is not produced by it in this
year. The feasible set of firm f does not change over time. It includes all the
products that were ever jointly produced by any firm (including f itself) in any
year with any product ever produced by f.

As for the probability of addition, it is defined as the empirical probability of
a potential new product in ¢ (as defined above) of being added in ¢ 4+ 1. For its
calculation, I start by defining firm-product-year-specific dummies that equal
one if the respective product is a potential new product for the respective firm
in the respective year and is added by it to its product mix one year ahead, and
zero if the respective product is a potential new product for the respective firm
in the respective year and is not added by it to its product mix one year ahead.
Then I calculate the average of these dummies for each product across all firms
and years. Please notice that this average only exists for products that were
ever a potential new product for at least one firm in at least one year.
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I used the module of products of the EAM to identify the products produced
by each firm in each year, which allowed me to identify the feasible set for each
firm, and therefore the potential new products of each firm in each year. I
subsequently used the set of potential new products of each firm in each year
t and the set of products actually produced by each firm in each immediately
next year t + 1 to calculate the empirical average probabilities of addition as
explained in the previous paragraph for all the products for which such prob-
ability exists 4. Figure 1 shows the histogram of these probabilities of addition.

Figure 1 shows that conditional on being potential new products for firms,
some products are much more likely to be added to the product mix of firms
than others. As expected, there is concentration in low values, as many prod-
ucts are not added in most of cases'®. Moving to higher probabilities, there is
relatively similar concentration in different categories between 20% and 40%,
and then less concentration from 40% to 80%. There is a minor concentration
of mass (between 2% and 3% of products) around probabilities of addition of
50% and 65%. Then there is some mass concentration exactly at 80%. Namely,
around 8% of products have a conditional probability as high as approximately
80% of being added to firms’ product mix. In summary, around 50 % of the
potential new products have a probability of addition lower than 50%, and then
there are some concentrations of mass in the probabilities of addition higher
than 50% that account for the other 50% of the potential new products.

Summarizing, some potential new products are more likely to be added to
Colombian manufacturing firms’ product mixes than others. This is consistent
with the Hypothesis 1 stated in this section that product addition is governed
by the interaction of the input intensities of the products and the firm-input-
specific productivities. This because if this latter were actually the case, some
products (those intensive in the inputs in which the Colombian manufacturing
firms have higher firm-input-specific productivities) should be more likely to be
added to firms’ product mixes. However, just finding different probabilities of
addition for different products is far from being sufficient to conclude that there
is evidence in favor of Hypothesis 1. All I know so far is that some products
have higher probabilities of addition, but I now I need to analyze what are
the characteristics that seem to make some Colombian manufacturing products
more likely to be added than others, and if such characteristics are consistent
with Hypothesis 1. That is what I do in the next subsection.

Fact 2: Colombian manufacturing firms are more likely to pro-
duce in the near future new products that require input mixes that
are more similar to the ones they currently use.

I found before that some potential new products are more likely to be added
than others by Colombian manufacturing firms. Given my initial purpose of es-
tablishing evidence in favor of Hypothesis 1, the next natural question is if there
are some product characteristics that make some manufacturing products more

14 As explained before, the probability of addition is defined only for products that were
ever a potential new product for at least one firm in at least one year

15Feasible sets have on average 20 products, whereas a firm produces on average 3.5 products
a year.
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Figure 1: Conditional probability of addition

likely to be added by Colombian firms than others, and if such characteristics
(if any) are consistent with Hypothesis 1. In order to answer this question, I
identify different possible determinants of product addition according to previ-
ous studies and economic theory, and I analyze their possible correlations with
the probability of product addition. For this, I estimate the parameters of a
multivariate linear probability model in which the probability of addition of
each firm’s potential new products in each year depends on such determinants.
I will emphasize on one of these possible determinants, given its closer relation
to Hypothesis 1.

Firm-product-specific possible determinants

Previous literature provides several good candidates to analyze. Among
them, there is one of essential importance for this work, given its closer relation
to Hypothesis 1. Namely, Boehm et al. (2019) found for Indian manufacturing
firms that the more similar is the input mix required to produce a new product
to the input mix used by a firm, the higher is the probability of addition of this
product by this firm one year ahead. This type of similarity (called just similar-
ity here) 16 is crucial for my purpose of finding evidence in favor of Hypothesis
1, as if this hypothesis were true, then it would be precisely the potential new
products with higher values of this similarity the ones with higher probabili-
ties of addition. This because if each firm had input-specific productivities and
these governed the process of product addition together with input intensities
of products (as Hypothesis 1 states), then the new products produced by a firm

168ee footnote 4.
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in the future and the products it produces in the present should be similar in
their input mixes (as both sets of products should be intensive in those inputs
for which the firm has a high productivity). This expected similarity is precisely
what the metric proposed by Boehm et al. (2019) measures. In summary, if
Hypothesis 1 were true, the similarity proposed by Boehm et al. (2019) should
be positively correlated with product addition.

Following Boehm et al. (2019), similarity is calculated as the dot product
of the vector of a firm’s expenditures in different inputs as shares of its total
expenditure in inputs and a vector of the expenditures in different inputs needed
to produce a product as shares of the total expenditure in inputs required for
its production. Such product is normalized in such a way that it is always be-
tween zero and one. A zero indicates that both vectors are completely different,
whereas a one indicates that they are identical. Formally, similarity between
firm f and product p in ¢ in terms of their input mixes is calculated as follows:

K
t Zk:l L fktLpkt (1)
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where x sy, represents the share of total expenditure in inputs of firm f in
year t that is spent in input k, zp;: represents the share of total expenditure
in inputs required to produce product p in year t that is spent in input k, and
K is the total number of inputs available in the economy. This similarity is
calculated for every possible combination of each firm with all its potential new
products in each year (as defined in the previous subsection). Please notice that
even though the feasible sets of firms do not change over time, the expenditure
shares z ¢+ and zpr: do change over time, and therefore the similarity between
a firm and the elements of its feasible set changes over time. The expenditure
shares for a product p (this is, the set of zpx, for different values of k) are cal-
culated by taking the average of the expenditure shares of all the firms that
produce the product p in year ¢t. Finally, the expenditure shares for a firm f
(this is, the set of x sy for different values of k) are directly observable from the
module of inputs of the EAM.

Boehm et al. (2019) also found that the more a product is used as input by
a firm in the present, the higher is its probability of addition one year ahead.
This latter finding is consistent with the finding by MacDonald (1985) that U.S.
manufacturing firms add more often products that belong to industries that are
vertically related to their current production. Given these findings, I use the
importance of the potential new product as an input in the past as another
candidate to be correlated with the probability of product addition. Namely,
I use the sum of the expenditures in the respective product in all the previous
years of existence of the firm as an input divided by the total expenditure in
inputs of the firm in all its previous years of existence. I calculate this variable
for all the potential new products of all the firms in the sample in all their years
of existence.
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Firm-specific possible determinants

In addition to the variables explained before, I also use the firm’s age as
a candidate to be correlated with the probability of product addition. This
because Klepper (1996) found that as firms become older, they devote more
resources to process innovation relative to product addition. Similarly, Huergo
and Jaumandreu (2002) found that entrant firms have higher average probabil-
ity of innovation (including product addition), whereas such probability is lower
for older firms. All these facts might be consequence of economic factors that
could imply that older Colombian manufacturing firms add fewer new products
to their product mixes.

If prices of all the inputs purchased by a firm fell from ¢ — 1 to ¢ it would be
reasonable to expect that it became easier for such firm to add all its potential
new products, as the costs to produce all of them would fall. If only the prices of
some inputs fell, the specific effect of this reduction on each firm would depend
on how intensively the inputs with larger reductions are used by the firm. In
order to account for this differential effect, I include the weighted average of the
changes in the prices of all the inputs used by a firm between years t — 1 and ¢
as a regressor. For such average I use as weights the shares of each input in the
total expenditure in inputs in ¢ — 1. It is reasonable to expect that the larger
is this weighted average, the more difficult it becomes for the firm to add new
products in general'”.

I also include the logarithm of the real value of sales of f in ¢ as a regressor,
in order to analyze if larger firms add more new products to their product mix
on average.

Product-specific possible determinants

I also include as a regressor the average percentage change in the price of the
potential new product between ¢ — 1 and ¢ across all the firms that produced it
in both years. This with the purpose of analyzing whether firms add more often
products whose market prices grow more, as this might increase the profitability
of producing them. I calculate this variable for all the potential new products
of all the firms in the sample in all their years of existence.

For each potential new product of each firm, I also use as a regressor the
share of each product’s total past sales (until year ¢) by all the Colombian man-
ufacturing firms that corresponded to exports. This share does not change by
firm and product, but only by product. This variable attempts to capture the
possible incentives of firms to add more often products that are sold to interna-

17Please notice that this intuition implicitly assumes that all the potential new products
would require an input mix similar to the one used by the firm in ¢ — 1. This might not be
the case. The new products might require an input mix very different to the one used by
the firm in t — 1, and therefore the inputs intensively required for the production of the new
products might be more favored by the reduction in the prices of inputs very different to the
inputs used by the firm in ¢ — 1. In order to explore this possibility, it would be necessary to
quantify the differential effect of heterogeneous reductions in the prices of inputs on the cost of
each potential new product of each firm, and then analyze if the firm-product-specific change
in such cost affects the probability of addition. This is precisely what I do in an innovative
causality analysis in the third chapter of this thesis.
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tional (and possibly richer and larger) markets to a larger extent.
Linear probability model

In order to explore the role of all the previously mentioned regressors, I
estimate the parameters of a multivariate linear probability model. I use as
dependent variable a firm-product-year-specific dummy Dj,;:l that equals one
if the product p is added by the firm f in ¢t + 1, and zero otherwise. These
dummies are defined only for the potential new products of each firm in each
year. Therefore, the regression includes observations for all the potential new
products of all the firms in the sample in each year. I use as regressors all the
variables previously mentioned in this subsection. Formally, I estimate the pa-
rameters of the following model:

D?;l = Qo + OZlS}tcp + agage? + Ong;’:CC + Oz4EXP;’acc +
asAPriceProduct;™ +agAPriceMats| ' +azlogsalest +y +p+7'+ ¢!

(2) fr

Sffp represents the similarity in the use of inputs between the firm f and
the product p in year ¢, which is calculated by using the expression (1). On
the other hand, X;’;CC represents the accumulated expenditure in product p as
input until year ¢ by firm f divided by the accumulated total expenditure in
inputs of firm f until year t. EX Pzﬁ’“c represents the share of total past sales
of product p by Colombian manufacturing firms until ¢ that were exported.
APrz'cePTocluct;_L75 represents the average percentage change in the price of p
between ¢ — 1 and ¢ across all the firms that produced it in both years. Finally,
APriceM atsgp_l’t represents the weighted average of percentage changes of the
prices of the inputs used by f in ¢ — 1 and ¢, using shares of total expenditure
in inputs in ¢t — 1 as weights.

v, vp and ~* are fixed effects by firm, product and year, respectively. I
include them in order to capture otherwise omitted factors that might be corre-
lated with the probability of product addition to some extent and that change
only across firms, across products and over time, respectively.

Results

Table 1 presents the results of the estimation of the parameters in expression
(2) by least squares with clustered errors by firm. The numbers in parentheses
one line below the estimators are the beta coefficients. Once multiplied by 100,
they quantify in this case the change in percentage points in the probability of
addition of a potential new product associated with a change of one standard de-
viation in the respective regressor. The numbers in parentheses two lines below
the estimators are the corresponding estimated standard errors. The Column 1
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shows the results when all the regressors are included.

The similarity index is highly significant and has the expected sign. Namely,
the probability of addition by Colombian firms one year ahead is higher for po-
tential new products that currently require input mixes that are more similar
to the input mixes used by the firms.

MY i
J'J 1=

D {foture_production) D (future_production)

Similanity index 0.0257%= 0.0265=
(0.0636) (0.0630)
(0.0047) (0.0044)
Change_price_of_product -0.0000
(-0.0050)
(0.0000)
Change_price_of materials =0.0000
(-0.0016)
(0.0000)
Acennmlated expenditure in product -0.0690
(-0.0220)
(01741)
Share_exported 00971
(005310
(01790
Age 00001
(0.0039)
(0.0006)
Log sales 0.0012
(-0.0131)
(0.0017)
Constant 0.0201 0.0284

(0.0116) (0.0197)

Observations 19,691 2422
R-squared 02053 0.2028

Table 1. Regressions of probability of addition of potential new products in
t + 1 as a function of the similarity in the use of inputs and other regressors.
Beta coefficients in parentheses one line below the estimators. Estimated
standard errors in parentheses two lines below the estimators.

None of the other regressors included in the model of Column 1 is statis-
tically significant even at a level of significance of 10%. This means that the
variables that were found to be correlated with the probability of product addi-
tion in other countries in the past (incentives for vertical integration and firm’s
stage of evolution) do not seem to be correlated with the probability of product
addition by the Colombian manufacturing firms. The same is true for two char-
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acteristics of the potential new products, namely their past export shares and
the recent change in their market prices. None of them is statistically signifi-
cant. Finally, I found that the average changes in the prices of inputs are not
significantly correlated with the probability of product addition by the Colom-
bian manufacturing firms.

Summarizing, just the measure of similarity is statistically significant. It is
significant even for a level of significance as low as 1% and it has a positive
sign, as expected. I excluded all the other regressors in column 2, in order
to explore possible changes in the significance of similarity caused by possible
high collinearity between this variable and the other regressors (although what
should happen is that significance increases from Column 1 to Column 2 if such
collinearity existed indeed). The parameter is found to be statistically different
from zero in both cases even at a level of significance of 1%. In addition, I found
that the size of the estimator does not change much from Column 1 to Column
2, which indicates that the exclusion of the other regressors in Column 2 does
not seem to introduce a large bias to the estimator of a;.

The beta coefficients shown in Table 1 indicate that an increase in the sim-
ilarity of the size of one standard deviation is associated with an increase of
approximately 6.5 percentage points in the probability of addition. This rela-
tion is not small in economic terms, although it is not very big either. This
might reflect the fact that Colombian manufacturing firms do not add many
products in general. As said before, the average firm produces just 3.5 prod-
ucts each year, and once a product is added to the product mix of a firm, its
probability of continued production in the next year is very high (above 90%
on average). These two facts necessarily imply that Colombian manufacturing
firms do not add many products on average.

The finding that similarity in the input mix is statistically significant and
positively correlated with the probability of addition is crucial for the possi-
ble validity of Hypothesis 1. This because this finding means in a strict sense
that the Colombian manufacturing firms choose their new products in such a
way that they are able to use intensively for their production the same inputs
that they use intensively in the present. In turn, this latter suggests that there
might exist heterogeneous firm-input-specific productivities, which might imply
to some extent both an intensive use in the present of those inputs for which
the firm has a high specific productivity, and a higher potential profitability
of adding one year ahead those new products that are also intensive in those
inputs. This is what I conjectured in Hypothesis 1. The fact that the addition
of these more similar new products (in terms of their input mix) occurs one year
ahead is also indicative of the possible validity of Hypothesis 2, as it indicates
that the aforementioned firm-input-specific productivities in a particular year
might remain to some extent one year ahead.

So far I have found that the probability of addition of potential new products
by Colombian manufacturing firms one year ahead is higher for some products
than for others, and that it is higher for those products that require for their
production input mixes that are more similar to the input mixes used by the
firms. These facts constitute suggestive evidence in favor of the Hypotheses 1
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and 2. As I want to analyze if there exists possible evidence also in favor of
Hypothesis 3, I proceed now to analyze the possible role of skilled labour in the
relationship between similarity and the probability of product addition.

In my Hypothesis 3 I hypothesize that firm-input-specific productivities per-
sist to a larger extent over time in firms with more skilled labour. If this were the
case, the relation between the probability of product addition one year ahead
and the similarity in the input mix in the present should be even tighter in
these firms. This because the firm-input-specific productivities would remain
more similar from the present to one year ahead in those firms, and I hypoth-
esize (in Hypothesis 1) that these productivities determine what products are
added by a firm and what products not. If this determinant of product addition
is more similar in both periods in these firms, the produced products in both
periods should be also more similar to each other in those firms in terms of the
attribute that makes them more appealing for a firm at the light of its input-
specific productivities, this is, their input mix.

Fact 3: The relationship between similarity in the input mixr and
future product addition is stronger in firms with more skilled labour.

In order to analyze if the relation between the probability of product ad-
dition one year ahead and similarity in the input mix in the present is indeed
tighter in firms with more skilled labour, I estimate the parameters of a linear
probability model of D;;l (as defined before) as a function of the interaction
of similarity S%, (as defined before) with a metric of skilled labour (number of
non-production workers). I also included as regressors the similarity and the
number of non-production workers separately, in order to identify in a correct
way the differential effect of the number of non-production workers on the re-
lation between similarity and D;‘;“S. I estimate the parameters of this model
under different specifications that exclude or include the sales and the number
of production workers and interactions of these variables with similarity, given
their expected!? and actual?® correlations with the number of non-production
workers. I exclude from all the specifications all those variables that were found
to be statistically not significant in the regressions presented in Table 1.

Formally, I estimate the parameters of three different specifications of the
following linear probability model:

DEI =aqp + alsjcp + agnonprodworkers? + agS}p * nonprodworkers? +

18] also explored empirically the possibility that each of the three types of capital stock
reported in the EAM were correlated with the probability of product addition either by itself
or interacted with the similarity. I did not find any statistically significant result in any case

191t might be the case that larger firms employ more non-production workers. Analogously,
it is reasonable to expect that firms with more non-production workers need more production
workers, as long as there exists complementarity between these two groups, as is surely the
case.

20The correlations between the number of non-production workers and the logarithm of
sales and the number of production workers are both above 0.3.
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a40ther‘} + asother; * S}p +yr+7+y+ 632;1

S;ip and D;Zl are defined as before. 7y, vy, and " are fixed effects by firm,
product and year, respectively, as in (2). The variable other! can take one of
three values (one in each specification): the number of production workers, the
logarithm of sales, or none of these two. As for the model in expression (2), I
estimate the parameters of the model in expression (3) by using a methodology
of least squares with clustered errors by firm.

The number of non-production workers is the best available measure for
skilled labour in the EAM, although it is admittedly imperfect. As mentioned
above, Sun et al. (2020) defines human capital at the firm level (measured here
as the amount of skilled labour) as the set of skilled and creative workers who
are in charge of innovation, new ideas and knowledge-intensive activities. For
this, they take into account several important previous papers that provided
similar definitions of human capital. The number of non-production workers
in the EAM includes several categories that fit properly into this definition,
such as managers, scientists, executives, staff in charge or research and devel-
opment activities, and the people in charge of conducting the economic policies
of firms. However, it also includes other categories such as the people in charge
of conducting the financial and administrative policies of firms, and the sales,
administrative and distribution staff. Unfortunately, it is not possible to sepa-
rate these latter from the former, as I explained in detail in the previous section.

The Table 2 presents the results of the estimation of the parameters in
expression (3) under different specifications. Its first column shows the re-
sults when the only included regressors are the similarity, the number of non-
production workers and the interaction of those two variables. The similarity
remains significant even at a level of significance of 1 %, and its interaction with
the number of non-production workers is also significant at such level of signifi-
cance. This means that potential new products that require in the present input
mixes that are more similar to the input mixes used by the firms have a higher
probability of being added one year ahead, and this difference between more and
less similar products in terms of their probabilities of addition is larger in firms
with more skilled labour. In other words, the relation between the similarity
in the input mix and the probability of addition is tighter in firms with more
non-production workers.

The columns 2 and 3 of Table 2 include the number of production work-
ers and the logarithm of sales, respectively. In both cases I included both the
respective variable and its interaction with similarity, as these interactions are
correlated with the interaction of the number of non-production workers with
similarity?'. An alternative and more economic explanation for the inclusion of
these interactions is that it is reasonable to hypothesize that larger firms and/or

21This because the number of non-production workers is correlated with the number of
production workers and the logarithm of sales, as explained in footnotes 14 and 15.
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firms with more production workers might be able to maintain their firm-input-
specific productivities to a larger extent over time, just as I hypothesized for the
skilled labour. Larger firms might have more resources to invest in the activities
that are needed to maintain such productivities, and firms with more produc-
tion workers might be more able to retain skills that might be complementary to
the persistence of firm-inputs specific productivities (such as manual proficiency
and experience).

(L 2) (3

D (future_production) D [future_production) D (fotuge_production)

Similagity 0.02207 0.0210+ 0.0225
(0.0331) (0.0504) (0.0344)
(0.0049) (0.0030) (0.0383)
Non-production_workers -0.0001 -0.0000 -0.0001
(-0.0231) (-0.0147) (-0.0245)
(0.0000) (0.0000) (0.0000)
Similanity*non_production_workers 00002+ 00002+ 00002+
(0.0383) (0.0392) (0.0384)
(00001} (0.0001) (0.0001)
Production_workers -0.0001*
(-0.0449)
(0.0000)
Similanty*production_workers 0.0000
(0.0132)
(0.0000)
log_sales 0.0013
(0.0188)
(0.0021)
Similarity*log,_sales -0.0000
(-0.0009)
(0.0023)
Constant 0.0304 0.0290 0.0095
(0.0197) (0.0197) (0.0366)
Ohzervations 24228 2422 2422
R-squared 0.2032 0.2035 0.2033

Table 2. Probability of addition in t+1 as a function of similarity in the use of
inputs, its interaction with skilled labour and other variables. Beta coefficients
in parentheses one line below the estimators. Standard errors in parentheses
two lines below the estimators.

The key fact to be highlighted from the Table 2 is that the interaction of
similarity with the number of non-production workers remains significant un-
der all the presented specifications, and its sign and size do not change when
other variables that are correlated with it are excluded. In other words, there
is strong evidence that potential new products that are more similar to the
firms in terms of the input mix in the present are more likely to be added one
year ahead, and that this advantage of the more similar products is larger in
firms with more skilled labour (non-production workers). This effect of the non-
production workers on the derivative of the probability of product addition with
respect to similarity is sizeable. Namely, in the model of column (1) an increase
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of one standard deviation in the number of non-production workers increases
such derivative from 5.3 percentage points per change of one standard deviation
in similarity to 9.1 percentage points per change of one standard deviation in
similarity. This sizeable effect does not change much from the model of column
(1) to the models of columns (2) and (3).

Fact 4: The positive correlation between the probability of product
addition by the Colombian manufacturing firms and the interaction
of the input mix with skilled labour persists over time.

So far I have found that different potential new products have different av-
erage probabilities of being added by the Colombian manufacturing firms, that
the potential new products with an input mix more similar to the input mixes
used by those firms are more likely to be added by them in the near future, and
that this correlation between the similarity in the input mix in a year and the
probability of product addition one year ahead is stronger in firms with more
skilled labour (measured by non-production workers). These facts are consistent
with the three hypothesis stated at the beginning of this section, in the sense
that if these latter were true, one should observe such facts.

However, it is possible to analyze additional evidence in order to establish
more (and stronger) facts in favor of hypotheses 2 and 3. Given some key fea-
tures of the EAM, it is possible to analyze if the similarity in a specific year
is correlated with the probability of product addition not only one year ahead,
but also several years ahead. If this were true, this finding would constitute
stronger evidence in favor of Hypotheses 2 and 3.

If a potential new product with a higher similarity to firm f in ¢ is still more
likely to be added k years ahead by f, this might be interpreted at the light
of Hypothesis 2 as evidence that the firm-input-specific productivities of f in
t remain active even k years ahead to some extent 22, and not only one year
ahead, as I conjectured from the Fact 2 of this section. This persistence would
explain that the products produced in ¢ were similar to those added in ¢ + k in
their input mixes. Under this interpretation, f would choose to produce both
in t and t 4+ k£ those products that require intensively the inputs for which it
has high productivities. As productivities in ¢ and ¢ + k would coincide to some
extent under this hypothesis (because they persist over time to some extent),
the produced products in both periods should be similar in terms of their input
mix (which is the feature that motivates their selection, given the input-specific
productivities of f).

If T additionally found that the possible correlation between probability of
addition in ¢ + k and the similarity in ¢ is stronger in firms with more skilled
labour, this would constitute stronger (and better) evidence in favor of Hypoth-
esis 3. If even k years ahead skilled labour remained statistically significant as
a booster of this correlation, this might be interpreted as suggestive evidence
that firms with more skilled labour in ¢ have an advantage to maintain their

22By ”active” I mean that if a firm has a high productivity at using a specific input in ¢, it
still has a high productivity at using it k years ahead.
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firm-input-specific productivities to a larger extent not only one year ahead (as
I conjectured from Fact 2), but also k years ahead.

In order to establish this possible additional evidence in favor of hypotheses
2 and 3, I estimate the parameters of linear probability models that are very
similar to the model that corresponds to the first column of Table 2, with the
main difference that the dependent variable is not anymore a dummy that indi-
cates if a potential new product in ¢ is produced or not in ¢ 4+ 1. Instead, I use
in each case a dummy D;{;k (for k = 2...5) that equals one if a potential new
product in t is produced in t+ k, and zero otherwise. This dummy is exclusively
defined by the production or not production of the respective product in ¢ + k.
In other words, it equals one if the respective potential new product is produced
in t + k, no matter if it was produced or not in the preceding years between ¢
and t + k — 123, and zero otherwise.

The other important difference is that I include here as regressor a dummy
Droppedﬁc that equals one if the firm f drops at least one product from its prod-
uct mix in ¢ and zero otherwise. This variable attempts to capture the possible
fact that firms require firm-specific scarce factors to add new products in the
long term that cannot be purchased in the market but only built within the firm,
as hypothesized by Sutton (2012). If this were the case, the firm might need to
drop some products in ¢ to add others later. This variable can also capture pos-
sible demand shocks across products because of changing preferences from some
products to others within the feasible set of a firm. Namely, consumers might
switch from some products to others within the feasible set of a firm, and the
firm might react by dropping the products now less preferred by the consumers
from their production mixes, and adding the now more preferred products to it.
This type of switching is not considered in the hypotheses of this section, but
it is worth to take into account its possible existence in this empirical analysis
for a span longer than one year, given its possible correlation with the similarity.

Formally, I estimate the parameters of the following linear probability model
for k = 2...5:

D'ﬁk = ag + a1}, + agnonprodworkers’; + azS%, * nonprodworkers’; +

ayDroppedy +~5 + v, + 7" + e?‘;k

(4)

The key feature of the EAM that allows me to run regressions to estimate
the parameters of the expression (4) for k = 2...5 is that I can trace firms across

231 ran alternative regressions in which the dummies D" are defined in a more restrictive
way, and my main conclusions did not change. Namely, in this alternative specification the
dummies D%FF equal one if the corresponding potential new product in ¢ is never produced

fp
in any year between ¢t and ¢t 4+ k — 1 and it is produced in ¢t + k, and zero otherwise
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years with univocal identifying codes, and I can observe every year what prod-
ucts are produced by each firm. In addition, the codes that identify the products
remain the same across years for sufficiently long spans (see the previous section
for details). All this allows me to construct the set of potential new products
for each firm in each year, to identify each year the firms that drop at least one
product, and to identify the potential new products of each firm in each year
that are added by it in each of subsequent years.

Table 3 shows the results of estimating the parameters of expression (4)
for k = 2...5 by using least squares with errors epsilon’"* clustered by firm.
The most important result for this work is that the interaction of similarity
with non-production workers remains statistically significant and positive even
3 years ahead. In other words, Colombian manufacturing firms add more often
in the future those potential new products that are more similar in ¢ to their
production in terms of the input mix and this happens even 3 years later. More-
over, this difference in probabilities in favor of more similar products is larger
in firms that employ more non-production workers.

@ 2) 3) )
D (future_prod_t+2) D (future_prod_t+3) D (future_prod_t+4) D (future_prod_t+5)

Similarity 0.0186*+* 0.0042 0.0134* 0.0101
(0.0416) (0.0094) (0.0319) (0.0260)
(0.0091) (0.0066) (0.0069) (0.0070)
Non_production_workers -0.0001*= -0.0000 -0.0000 -0.0001*
(-0.0560) (-0.0007) (-0.0133) (-0.0218)
(0.0001) (0.0000) (0.0000) (0.0000)
Similarity*non_prod_workers 0.0005%++* 0.0004#4# 0.0001 0.0001
(0.0936) (0.0674) (0.0190) (0.0285)
(0.0002) (0.0002) (0.0001) (0.0001)
Dropped 0.0050 0.0190%#* 0022444 0.0139%#*
(0.0138) (0.0531) (0.0655) (0.0430)
(0.0040) (0.0039) (0.0041) (0.0034)
Constant 0.0382 0.0833%+* 0.114 1%+ 012971+
0 0 0 0
(0.0331) (0.0319) (0.0355) (0.0357)
Observations 16,218 14,737 14,048 12,384
R-squared 0.2752 0.3032 03106 0.3089

Table 3. Probability of addition in t+k (for & = 2...5) as a function of
similarity in the use of inputs and other variables. Beta coefficients in
parentheses one line below the estimators. Estimated standard errors two lines
below the estimators.

Very interestingly, the dropping of products in ¢ becomes a positive and
significant regressor of future addition of products from year 3 on, when the
interaction of similarity with skilled labour stops being significant. This combi-
nation of results seems to suggest that firms f can add potential new products
to their product mixes in the medium term (up to three years later) without
dropping products in t as long as such products are sufficiently similar to their
production in ¢ and as it has sufficient skilled labour (measured here by non-
production workers), but these factors stop being relevant from some point and
dropping products in ¢ becomes necessary to add new products in the longer run.
The positive sign and high statistical significance of the variable for the dropping
of products in ¢ can also be capturing possible correlated demand shocks across
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products. As explained before, it might be the case that firms drop some prod-
ucts in ¢t because their demands fall, and subsequently add other products in t+k
(for k = 3...5) because their demands increase. This possibility is not explored
to a larger extent in this work, and remains as an important topic for the future.

The number of observations falls monotonically as the span becomes longer
because fewer firms survive as I move to longer spans. This might cause a se-
lection bias to some extent if the similarity, its interaction with skilled labour
and/or the dropping of products were correlated with the factors that determine
the survival of firms. However, I show in the chapter 3 of this thesis that the
main conclusions from Table 3 remain valid when only the firms that survive
continuously until year ¢t + 5 are used.

The results shown in Table 3 are indicative of the possible validity of hy-
potheses 2 and 3, as explained above. Firms do add more often in a future
more distant than just one year ahead those potential new products that are
more similar in the present to their current production in terms of the input
mix, and this advantage of this type of products is stronger in firms with more
skilled labour (measured here by the number of non-production workers). This
can be interpreted as suggestive evidence that firm-input-specific productivities
in a year t remain to some extent several years ahead, and that this persistence
is stronger in firms with more skilled labour in ¢. In other words, the results
shown in Table 3 can be interpreted as suggestive evidence that the economic
principles that constitute the hypotheses 2 and 3 (this is, persistence and the
effect of skilled labour on such persistence) might actually be true even 3 years
ahead.

Fact 5: Some Colombian manufacturing firms perform many more
product additions than others.

The main interest of this work (and of the other two chapters of this thesis) is
to assess the possibility that the accumulation of firm-input-specific productiv-
ities drives the phenomenon of product addition at the micro (firm) level. This
is why the bulk of this work is at the level of the firm. However, it is possible to
conjecture some possible aggregate facts that one should expect to observe in
the data of an economic sector or of an economy as a whole if hypotheses 1 and
2 above were true. One of them is that there should be a high and more than
proportional concentration of the effective events of product addition (this is, of
cases in which a firm adds a new potential product to its product mix) in some
firms. This because hypotheses 1 and 2 jointly imply that firm-input-specific
productivities drive the process of product addition, and that such productivi-
ties persist over time to some extent. If some firms had higher firm-input-specific
productivities than others for several inputs (as is almost surely the case), this
conclusion from hypotheses 1 and 2 would necessarily imply that some firms
add systematically more of their potential new products to their product mixes
than others.

In order to analyze if the product addition events are indeed concentrated

more than proportionally in some firms, I calculate the cumulative share of those
events between 1992 and 2017 that is performed by each value of the cumulative
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distribution of the Colombian manufacturing firms. This latter cumulative dis-
tribution is organized in such a way that it starts with the firms that performed
less product addition events than all the other firms in this period (zero events),
and adds subsequently the firms that added more products than this latter but
less than the rest of firms, and so on. In one sentence, it goes from the smallest
to the largest firms in terms of the number of events of product addition. These
two cumulative distributions allow me to draw the ”Lorenz curve-type” graph
that is shown in Figure 2. The x axis of this figure measures the cumulative
distribution of Colombian manufacturing firms (organized in the way that I ex-
plained before) and the y axis represents the cumulative distribution of product
addition events.

The main conclusion from Figure 2 is that a share of top firms account for
a much more than proportional share of events of product addition. Namely,
the 60% of Colombian manufacturing firms that performed less product addi-
tion events account for just a bit more than 20% of the total number of events
of product addition of the manufacturing sector during the period 1992-2017,
whereas the top 20% of Colombian manufacturing firms in terms of product
addition performed almost 60% of this total number. This finding is not new
in the literature. Freund and Pierola (2016) found a very similar result for a
sample of 45 countries. However, it is important for this work because in this
context it can be interpreted as suggestive evidence of the possible validity of
the hypotheses 1 and 2 at the macro level. This because if firm-input-specific
productivities drive the process of product addition and they persist over time
to some extent, some firms (those with higher firm-input-specific productivities)
should add systematically more of their potential new products to their prod-
uct mixes, as long as some firms have indeed initial higher firm-input-specific
productivities than others (as is almost surely the case).

5 Conclusions

Product addition at the micro (firm) level is a key economic phenomenon. This
work presents a set of novel empirical findings of this phenomenon. For this, I
exploit a very detailed dataset of Colombian manufacturing firms that includes
product-level and input-level modules for every Colombian manufacturing firm
with more than 10 employees or sales above 120k U.S. dollars (in 2021), in addi-
tion to several other variables such as sales, capital stock and labour. I construct
this dataset for the period 1992-2017, which includes several economic cycles.
The dataset includes a firm identification code, which allows me to trace firms
across time. These features allow me to explore patterns of product addition
and its possible correlations with several variables at the firm level.

To start, I find that the conditional probabilities of addition of manufactur-
ing products by Colombian firms are different for different products. Namely,
I found that some products have much higher empirical probabilities of ad-
dition than others, just as several other authors have found for other coun-
tries. Secondly, I establish the empirical fact that Colombian manufacturing
firms add more often in the near future those of their potential new products
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Figure 2. Cumulative distribution of the total number of product additions
across Colombian manufacturing firms

that are intensive in the same inputs that they use intensively in the present.
Thirdly, I find that this correlation between similarity in the input mix and the
probability of product addition is stronger in firms with a higher number of
non-production workers (which I use as a measure of skilled labour). In other
words, the advantage of more similar products (in terms of the input mix) is
more pronounced in firms with more non-production workers. Fourthly, I find
that this skilled-labour-augmented relationship between similarity in a specific
year and the probability of addition of potential new products in the future
remains positive and significant even three years ahead. Finally, I find that
the top Colombian manufacturing firms in terms of their capacity to add new
products account for a disproportionately high share of product addition events
of the Colombian manufacturing sector.

I interpret this set of findings as suggestive and non-conclusive evidence of
the possible existence of persistent firm-input-specific productivities that de-
termine the phenomenon of product addition to some extent and that persist
over time to a larger extent in firms with more skilled labour. This evidence is
just suggestive and indicative (instead of strong or conclusive) because in all the
cases | was only able to conclude that if the corresponding hypothesis were true,
then one should observe the corresponding empirical fact. In other words, I was
only able to establish necessary evidence in all cases, but not sufficient evidence
in any case, as all the facts established here might be explained by the hypoth-
esized firm-input-specific productivities, but they might also be explained by
many other characteristics or decisions of the firms. I have not presented here
evidence that these productivities do exist and determine the phenomenon of
product addition, but just evidence of the existence of facts that one should
observe if such productivities existed and determined indeed such phenomenon
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to some extent.

Establishing sufficient and conclusive evidence that the firm-input-specific
productivities exist, have the hypothesized properties and determine to some
extent the phenomenon of product addition requires additional work. This is
what I do in the two other chapters of this thesis. In the second chapter I for-
malize the theory for which I want to find empirical validity. Namely, I present
a theoretical model of product addition by firms. The properties of such model
are consistent with the empirical facts presented in this paper. Its main fea-
ture is that the phenomenon of product addition is governed in this model by
persistent firm-input-specific productivities, just as I hypothesized here. Most
importantly, in the third (and last) chapter I analyze possible evidence in favor
of this theory, including causal evidence and evidence of the existence of its
main mechanisms and components.
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Abstract

This work presents new empirical evidence of possible firm-level and
firm-product-level determinants of the important phenomenon of product
addition at the firm level. I do this by using a stratified sample of a rich
panel of Colombian manufacturing firms from 1992 to 2017. Importantly,
this panel includes all the firms with 10 or more employees and/or sales
above 120k USD per year. I find that firms tend to add to their product
mixes products with similar input requirements (input mixes hereinafter)
as products already in their portfolios. In addition, I find in general that
this correlation between product addition and similarity in the input mix
is stronger on average in firms with more skilled labour (proxied here by
the number of non-production workers), especially after controlling for
a possible omitted variable bias. These findings are consistent with the
theoretical hypotheses presented in the second chapter of this thesis. In
addition, I find that the correlation between future product addition and
the current similarity in the input mix remains positive and significant
even 5 years ahead, but I do not find evidence that less similar products
are added each year as I move further into the future, as I hypothesized
in the second chapter of this thesis. In addition, I use product-specific
exogenous unilateral reductions of tariffs to imports from the U.S. imple-
mented in 2011 by the Colombian government to analyze possible causal
evidence in favor of the model presented in the second chapter of this the-
sis, which I cannot establish unambiguously. Finally, I explore possible
empirical evidence in favor of the most relevant mechanism of this model
and of its main assumption. Its main mechanism is that those products
that are intensive in the inputs in whose use a firm is proficient are more
profitable for this firm. Its main assumption is that the firm-input-specific
productivities of a firm (which measure its proficiency to use the different
inputs) grow over time as this firm uses the respective inputs to a larger
extent. The empirical evidence is mostly consistent this mechanism and
assumption.

1 Introduction

Product addition at the firm level is a key phenomenon for economies to achieve
economic efficiency and growth. As I explained in detail in the first chapter of



this thesis, this phenomenon has been found to be the main driver of the process
of product diversification at the firm level, which in turn is an important source
of reallocation of resources within firms towards their more efficient use, as it
allows firms to move their resources to more profitable activities (by switch-
ing products). Given this, product diversification contributes as much as the
phenomenon of firm entry and exit to the evolution of U.S. aggregate man-
ufacturing output. It is also an important determinant of variability in the
aggregate economic activity . In spite of this, the determinants of the process
of product addition at the firm level have not been sufficiently analyzed. This
paper contributes to closing this gap by presenting new facts about the possible
determinants of this process for the case of Colombian manufacturing firms.

By using a very rich dataset of Colombian manufacturing firms, this paper
does three things. Firstly, it explores the possible nonlinear relationship between
product addition at the firm level and several firm-level and firm-product-level
possible determinants. Namely, I explore the possible empirical validity of the
first theoretical proposition from the second chapter of this thesis that those
potential new products that require an input mix that is more similar to that
used in a year by a firm are more easily added by this latter in subsequent years.
Moreover, I also explore the possible empirical validity of the second theoretical
proposition in the second chapter of this thesis that this relation between prod-
uct addition and similarity is larger in firms with more skilled labour, and that
firms with more skilled labour add more easily potential new products to their
product mixes (all else constant).

Secondly, I explore the possible correlation between product-level costs of
production and the probability of product addition. For this, I use as instru-
ments the tariffs imposed by the Colombian government to the imports from
the U.S. during a generalized and unilateral reduction of these tariffs. As this
generalized reduction in tariffs is exogenous to the decisions of product addition
of the Colombian manufacturing firms and it is precisely costs of production
what cause the role of similarity as a determinant of product addition in the
theoretical model of the second chapter of this thesis 2, this exploration con-
stitutes an examination of possible causal evidence in favor of the theoretical
model presented in the second chapter of this thesis. For this analysis I use the
same dataset of Colombian manufacturing firms mentioned before.

Thirdly, I explore the possible empirical validity of the main mechanism of
the theoretical model from the second chapter of this thesis, and also of its main
assumption. Namely, I explore possible evidence that the interactions between
input-output coefficients and firm-input-specific productivities determine the
process of product addition by firms. In order to analyze the empirical validity
of this mechanism, I explore the possible correlation between the probability of
addition and the aforementioned interaction. For this analysis I use the same
dataset of Colombian manufacturing firms mentioned before. As for the main
assumption (which I named ”learning by using in the second chapter of this
thesis), I explore the possible correlation between the use of inputs by firms in

1Please see the first chapter of this thesis for a detailed explanation of the importance of
product diversification and for the references on which this explanation is based.
2Please see the third theoretical proposition in the second chapter of this thesis for details.



a given year and the corresponding firm-input-specific productivities one year
ahead.

As for the first task mentioned above, I find a positive and statistically sig-
nificant correlation between similarity in the use of inputs and product addition
one year ahead. I also find that such correlation is stronger in the firms with
the highest quantities of non-production workers (which I use as a proxy of
skilled labour). Very importantly, my results for the effect of non-production
workers on the correlation between similarity and product addition improve
when I include the potential cost of production as a regressor. This suggests
a possible omitted variable bias in the specifications that exclude this variable.
In addition, I find that the positive correlation between product addition and
similarity remains significant for longer time spans, although its size does not
decrease monotonically as I move further away in the future, as expected. In
summary, this paper presents evidence that is mostly consistent with the first
proposition in the second chapter of this thesis, and partially in favor of its
second proposition (especially when the potential cost of production is included
as a regressor).

As for the second task mentioned above (called here ”causality analysis”),
the results presented here do not conclusively establish or deny causal evidence
of the validity of the theoretical model presented in the second chapter of this
thesis. This because I explore several specifications with and without instru-
mented regressors, and the conclusions are heterogeneous (although I do find in
all cases a negative point estimator for the cost of production as a regressor for
the probability of addition as dependent variable, as expected). Finally, I find
empirical evidence that is mostly consistent with the possible existence of the
main mechanism of the model presented in the second chapter of this thesis, and
also evidence that is mostly consistent with the validity of its main assumption.

It is worth to mention that I perform in this paper a structural estimation
of the structural input-output coefficients and of the firm-input-specific produc-
tivities, which are then used to carry out the second and third tasks mentioned
above. Namely, I use them for the causality analysis and for the empirical ex-
amination of the main mechanism and the main assumption of the theoretical
model presented in the second chapter of this thesis. For this, I use the first-
order conditions of the product-specific conditional profits of a firm with respect
to the different inputs, which I derived in the second chapter of this thesis. A
log-linearization of these conditions yields a linear estimable expression in which
both the input-output coefficients and the firm-input-specific productivities are
identified.

This paper is closely related to the very recent and far from conclusive branch
of literature that analyzes empirically the possible determinants of the phe-
nomenon of product addition at the firm level. The papers that belong to this
branch share two key features with the work presented in this paper. Firstly,
their authors test the empirical validity of specific theoretical predictions from
theoretical models that are proposed by themselves, instead of performing ag-
nostic regressions in the search for possible significant correlations. Secondly,
their authors carry out a causality analysis or a complementary empirical anal-



ysis that attempts to establish empirical evidence in favor of their main mech-
anisms. Very importantly, the conclusions from these works are contradictory
to some extent, as I explain below. This highlights the importance of the work
presented here, as it brings new evidence into this nascent discussion and sheds
light about possible mechanisms that might lie behind some results from the
past.

Ding (2020) used U.S. data to test his prediction that it is similarity in the
use of knowledge inputs (and not in the general use of inputs) what matters
for product addition, and to test for the validity of the main mechanisms in-
volved in his model. In contrast, Boehm et al. (2019) used Indian data to test
for their prediction that the probability of product addition is higher for more
similar products in terms of the general use of inputs (and not just of the use of
knowledge inputs), and to test for the empirical validity of the main mechanisms
involved in their model. They also used the exogenous process of dereservation
in India to establish causal evidence in favor of their model.

My work is very similar to the one carried out by Boehm et al. (2019) both
in terms of the nature of the datasets and of the direction of the results, as
they also explored the possible existence of an empirical positive correlation
between similarity in the input mix and product addition, and they also found
evidence of this existence. However, the analyses presented here explore the
role of additional characteristics of firms in the process of product addition.
Namely, I explore both the empirical correlation between product addition and
skilled labour, and also the way in which skilled labour determines the size of
the correlation between similarity in the input mix and product addition. In
short, I find that the amount of skilled labour used by a firm determines the size
of the correlation found by Boehm et al. (2019) and by myself between product
addition and similarity in the input mix. This role of skilled labour might be
actually related to Ding’s results, as it might be indicative of the importance of
knowledge inputs (which are closely related to skilled labour). I do not explore
this possibility in this paper.

Given the aforementioned importance of the process of product addition at
the firm level for growth and efficiency, identifying its determinants is impor-
tant for growth policies. This because growth policies should ideally aim at
improving the state of firms in the dimensions that are identified as significant
determinants of product addition, as this latter phenomenon is in turn a source
of growth and efficiency. As this work identifies some of these determinants, its
conclusions may be used to inform the process of design and implementation of
growth policies. This is why I include a brief discussion of the main possible
policy implications of the findings of this paper in the last section.

This document has seven sections. The first of them is this introduction.
The second section presents a brief description of the theoretical model pro-
posed in the second chapter of this thesis and states its three propositions, as
I refer to this model and these propositions often throughout the rest of this
document. The third section describes in detail the dataset to be used in the
subsequent sections. The three subsequent sections present the results of the
first, second and third tasks described above, respectively. Namely, the fourth



section presents all the results of the regressions of product addition on simi-
larity in the input mix, skilled labour and the interactions between these two
latter. The fifth section presents the results of the causality analysis. The sixth
section presents the results of the analysis of the empirical validity of the main
mechanism and the main assumption of the theoretical model presented in the
second chapter of this thesis. Finally, the seventh section presents the conclu-
sions of this work and its main possible policy implications.

2 The theoretical model and its propositions

I propose in the second chapter of this thesis a static model of partial equilibrium
with dynamic implications. In this model all firms are potentially multiprod-
uct. Each firm maximizes its profits in a year ¢ by choosing its product mix,
its produced quantity of each produced product, the quantities of labor and
capital to be used in its production process and the quantities of all the inputs
to be used for the production of each produced product 2. Very importantly,
this use of inputs in ¢ determines the firm-input-specific productivities in ¢ + 1.
More specifically, there is a process of learning by using in which a firm f’s
firm-input-specific productivity to use a particular input & grows more between
t and ¢t + 1 the more k is used by f in ¢. This implies that there is persistence
in the firm-input-specific productivities in this model. These latter do not only
not disappear from one year to other, but they may grow as a consequence of
the inputs use.

Given this structure, this theoretical model yields naturally three key results.
Firstly, a firm f adds more easily in the future those potential new products
that require input mixes that are more similar to the input mix that f uses in
the present. This result comes from the fact that f finds it more profitable to
produce in ¢ those products that require intensively those inputs for whose use
f has a high productivity (let us call these group ” f’s preferred inputs”). In
turn, the production of these effectively produced products requires intensively
the use of f’s preferred inputs, as they are by definition intensive in these lat-
ter. This intensive use of f’s preferred inputs makes f even more productive at
using f’s preferred inputs in ¢t + 1 (by the process of learning by using), which
implies that f will choose once again in t 4+ 1 potential new products that are
intensive in f’s preferred inputs to be added to its product mix (given their
higher profitability for f).

As a consequence of the dynamics described above, there is a higher sim-
ilarity in the intensity in different inputs (input mix) between the products
produced in ¢t and the new products produced in ¢ + 1 than between the former
and the potential new products not produced in ¢t + 1. This because the new
products produced in ¢ + 1 are intensive in f’s preferred inputs (just as the
products produced by f in t), whereas the potential new products not produced

3Here the term ”inputs” does not make reference to capital or labour, but only to the other
physical inputs used in the production process that are directly transformed into outputs.
Please see the first chapter of this thesis for a detailed explanation of this differentiation and
of its relevance.



in t + 1 are not intensive in f’s preferred inputs (that is precisely why they are
not chosen to be produced). As f’s productivities to use its preferred inputs
keep on growing in time, this higher similarity for the produced potential new
products than for the not produced ones persists in all the subsequent years. In
short, firm-input-specific productivities determine the profitability to produce
different products. As these productivities remain in time, the products pro-
duced in different years are similar to each other in terms of their input mixes
(as they are all intensive in the same inputs).

This relationship between product addition and similarity changes over time
in the model presented in the second chapter of this thesis. If a product p’s
input mix is not sufficiently similar in ¢ to the input mix used by a firm f in
t as to be added to f’s product mix in ¢t + 1, it may be eventually added in
a subsequent year, all else constant. This because firm-input-specific produc-
tivities may grow mechanically over time in this model (although they grow to
different extents, depending on how intensively they are used). In other words,
all the products may eventually be added (sooner or later) by all firms to their
product mixes, all else constant. However, how soon a product p is added to a
firm f’s product mix depends positively on how similar is p’s input mix to the
input mix used by f in ¢. Namely, the less similar products are added later, as
I explain below.

The less similar products may be added later by a firm f to its product
mix because it may take longer to f to reach the firm-input-specific productiv-
ities that are needed to produce these products. This happens because of two
reasons. Firstly, f is not proficient in ¢ in the inputs that are intensively used
to produce p (if it were, it would use these more intensively and its input mix
would be more similar to p’s one in t). This implies that f does not use those
inputs intensively in ¢. This low intensity in the use of these inputs in ¢ makes
the increase from ¢ to t+1 in f’s productivity to use them less pronounced than
the increase expected for other inputs. Secondly, this latter fact makes the firm
once again less intensive in these inputs than in others in ¢ + 1, and so on. As
a consequence, less and less similar products are added to the product mix of a
firm every year.

All the pieces of intuition presented above are summarized in the first propo-
sition of the second chapter of this thesis, which states the following?:

Proposition 1 (main proposition): Firms are more likely to add in the
future potential new products whose input mixes are closer to the firms’ current
input mizes. The further one moves away from the present time into the future,
the less similar are the input mizes of the potential new products that are added
to firms’ product mizes.

As T explained above, I assume that the process of learning by using is more
pronounced in firms that use more skilled labour. Formally, the increase be-
tween t and ¢t + 1 in f’s productivity to use an input k that occurs when k is

4Please see the second chapter of this thesis for a formal proof of this proposition and of
the propositions 2 and 3 below, and for a formal definition of potential new products and of
similarity in the input mix



more used in t is higher if f uses more skilled labour in t°. As a consequence
of this, two results arise. Firstly, all the potential new products are more easily
added in all the years after ¢ by firms with more skilled labour. Intuitively,
these firms exhibit larger increases in all the firm-input-specific productivities
between all the pairs of contiguous years from ¢ on. Therefore, all the products
are more profitable for them in all the years.

Secondly (and more importantly), this advantage of the firms with more
skilled labour favors to a larger extent the products that require input mixes
that are more similar to the input mix used by those firms. In other words,
the advantage of the more similar products stated in the proposition 1 above is
more pronounced in firms with more skilled labour.

The important fact stated in the previous paragraph comes from the key
feature of the model proposed in the second chapter of this thesis that skilled
labour interacts multiplicatively with the use of each input in ¢ in the equa-
tion that characterizes the process of learning by using, which determines the
firm-input-specific productivities in ¢t + 1. This multiplicative nature of this in-
teraction implies that the skilled labour boosts the productivity of a firm f to
use a particular input k in the future to a larger extent if f is used to a larger
extent by f in t. As f’s preferred inputs are used to a larger extent by f in ¢,
these inputs are more favored (in terms of f’s productivities to use them) by the
skilled labour’s effect on the process of learning by using. This differential effect
in favor of these inputs increases to a larger extent the future profitability of
the potential new products that require them intensively. As I explained above,
these latter products are the ones effectively produced by the firm in the future,
and they have a higher similarity with f in terms of the input mix.

These two results from the model presented in the second chapter of this
thesis are summarized and materialized in the following proposition:

Proposition 2 (the role of skilled labour): Firms with more skilled
labour are more likely to add mew products in the future. The advantage of
the more similar products stated in Proposition 1 is greater in firms with more
skilled labour.

The theoretical model presented in the second chapter of this thesis also
predicts two things about the effects of a generalized reduction in the prices of
inputs in the present (year t). Firstly, there occurs a heterogeneous increase
in the profitability of addition of the different products by the different firms.
More specifically, this increase is higher for the firm-product combinations for
which the corresponding products intensively require for their production those
inputs whose prices fall more. Secondly, this compound differential effect is even
larger if the corresponding firms have high firm-input-specific productivities in
the inputs whose prices fall more.

The intuition for the second prediction above is as follows: assume that a

5Please see the second chapter of this thesis for an explanation of the soundness of this
assumption.



firm f is better at using (say) glass than (say) paper and the opposite is true
for another firm f2. Also assume that the price of glass falls more than that
of paper in t. Given its proficiency to use glass, f is able to take more advan-
tage of the pronounced reduction in the cost of glass in ¢ than f2, and f uses
glass to a larger extent in this year. As a consequence, f’s productivity to use
glass in subsequent years increases more than that of f2 from ¢ to t + 1 by the
process of learning by using. In turn, this increases f’s profitability to produce
glass-intensive products in all the subsequent years to a larger extent than for
other firms .

As for the intuition for the first prediction, it is as follows: if a product p is
intensive in the inputs whose prices fall more, its cost of production falls more
than that of the other products in ¢, and therefore the profitability of its pro-
duction in t increases more than that of other products. Given this, more firms
produce p in t than other products, all else constant. As a consequence, the
inputs that are used intensively to produce p (this is, the same whose prices fell
more) are demanded to a larger extent in ¢ than other inputs, all else constant.
This increases the productivities of firms to use those inputs in the future more
than the productivities to use other inputs, because of the process of learning
by using. In turn, this increases the profitability of producing p in all the sub-
sequent years to a larger extent than that of producing other products, all else
constant.

I summarized all these compound effects in the second chapter of this thesis
in the following proposition:

Proposition 3 (Effect of exogenous changes in the prices of in-
puts): A decline in the cost of an input k leads firms to add potential new
products that use this input intensively. This effect is greater for firms with a
higher firm-input-specific productivity to use k.

3 Description of the database

This work uses a very detailed and comprehensive database for the Colombian
manufacturing sector. It is often called EAM, which stands for its initials in
Spanish (”Encuesta Anual Manufacturera”). 1 will use these initials through-
out this document. The Administrative Department for Statistics of Colombia
-DANE- started gathering information about the manufacturing firms of Colom-
bia in 1950. Nowadays, it surveys each year every Colombian manufacturing
firm with more than 10 employees and/or sales above an amount in Colombian
pesos equivalent to 120k U.S. dollars in 2021, and also a representative sample
of the smaller manufacturing firms.

The EAM contains several very important modules of information that
played a key role in the process of constructing all the variables that were used

6Mathematically, this complementarity comes from the fact that the prices of inputs in-
teract multiplicatively with the firm-input-specific productivities and the input-output coeffi-
cients. Please see the second chapter of this thesis for a detailed explanation of this.



in the regressions that I present in the subsequent sections of this paper. One of
them is a module of products. It includes detailed information of every product
sold by each manufacturing firm in each year. This information includes the
unitary price of each product produced by each firm in each year, and also the
quantity sold of each of them. It also includes both of these variables (unitary
price and sold quantity) for exports. In addition, the EAM contains a module
of inputs’, which contains the purchased quantity and the unitary price of ev-
ery input used by each firm in each year. This module also contains imported
quantity and unitary price of imports for every imported input by each firm in
each year.

The EAM contains also several firm-level modules. One of them includes
detailed information of the employed workers. This module includes the sepa-
rate number of workers by the type of work they perform. In some years this
disaggregation was more detailed than in others. Namely, for some years it is
possible to know separately the number of people in sales force, the number
of managers, the number of administrative staff, the number of professional
staff working in plant production and the number of plant operators. Unfor-
tunately, the information of workers is less disaggregated for other years. As
a consequence, I had to include all the workers in only two categories in every
year, with the purpose of having consistency across years: production workers
(which includes plant operators and professional staff working in plant produc-
tion) and non-production workers (which includes managers, administrative and
sales staff, and very importantly for this work, research and development staff,
if these activities are performed by the firm). The EAM includes the total wages
paid to workers in each of these categories.

The EAM includes some cost modules that contain relevant information that
is not being used for this paper, but many researchers could be interested in
using in the future. Namely, these costs modules include information of costs of
energy and water, telecommunication services, taxes, interests and rent, among
many other variables. In some years it includes complete modules about energy
use, which intend to characterize the evolution of main energy sources of firms.

Very importantly for this research, the EAM includes several variables that
allowed me to identify each firm and its production in many senses. To start,
each firm and plant is uniquely identified with a numerical code that remains
the same every year, as long as the firm is surveyed (which depends on the sales
and number of employees, as explained before). This allowed me to trace each
firm in time.

I used information of the EAM from 1992 to 2017, as information of years
before 1992 has several problems and its organization and cleaning would have
delayed this research substantially. As for the final year, 2017 was the last avail-
able year in the database when the bulk of this research was carried out. All
the products and inputs are uniquely identified by a code of the International

"Please see the second chapter of this thesis for a detailed definition of ”inputs”. In short,
this term makes reference to all the physical materials used in the productive process that are
directly transformed into products. As capital and labour are not directly transformed into
products, these are not included in this category of ”inputs” in this thesis.



Standard Industrial Classification (ISIC) revision 2 adapted for Colombia from
1992 to 2000, by a code of the Central Product Classification (CPC) version 1.0
from 2001 to 2012, and by a code of the CPC version 2.0 from 2013 to 2017. In
all cases, the EAM uses the most disaggregated levels available of each classifi-
cation (8 digits for the ISIC rev. 2 and 9 digits for the CPC).

The fact that the EAM uses always the most disaggragated available codes
to identify products and materials is very convenient for this research, as it
ensures that a code truly identifies a specific product or material to the largest
possible extent. However, this also prevented me from performing analysis that
required tracing products or inputs across years with different classifications, as
there do not exist concordance tables for these levels of disaggregation, but for
much more aggregated categories of products. I could have used such levels of
aggregation to gain traceability, but I would have lost specificity in the definition
of products, which I valued more. As a consequence, I can only trace products
within the periods 1992-2000, 2001-2012 and 2013-2017, which fortunately are
not extremely short.

The modules of products and inputs are crucial for this work. Unfortunately,
they are not publicly, as their free use could violate some Colombian laws that
protect the privacy of information for some firms that might be identified even
though firms and plants are anonymised. A good example is Reficar, the largest
oil refinery of Colombia 8. Reficar is located in the city of Cartagena. It pro-
duces a high share of the total amount of gasoline and diesel used in the country.
Even though it is impossible to identify Reficar by its legal ID (as this latter is
different from the identifier that was assigned to it in an anonymization process
carried out by DANE), it is possible just to search for manufacturing plants in
Cartagena in the business of refining, and there will be just one plant with sales
as high as to correspond to Reficar. This would allow anyone to see sensible
information such as unitary prices by product.

Because of the reasons explained in the last paragraph, the modules of prod-
ucts and inputs can only be accessed from an office located at DANE’s main
building. Unfortunately, it is not possible to guarantee that regressions that are
left running by external researchers run in nighttime and for several days, as
interruptions use to happen in the main system. For this reason, I had to use
a random sample of firms, as using all firms with all their modules of products
and inputs in all years would have implied processing times that exceed by far
the time I was allowed to stay in their office. The pandemic of Covid-19 exacer-
bated this problem, as DANE’s main building was closed for almost a year, and
then reopened gradually at a very slow pace, with times as restrictive as only 8
hours per week for several months.

The total number of firms included in the EAM has been approximately
8.000 per year in the last two decades. As I am using data from 1992 to 2017,
this means that my full firm-year-level database has in total approximately
208.000 observations (8.000 firms per year multiplied by 26 years). As each
firm produces on average 3.5 products in a year and uses on average 25 mate-

81t has the capacity to refine 150.000 barrels of crude oil per day.
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rials in a year, my firm-year-product-level database has in total approximately
728.000 observations, and my firm-year-material-level database has in total ap-
proximately 5.2 million observations.

The numbers shown at the end of the previous paragraph reveal the mag-
nitude of the problem. As I will explain in the next section, I had to calculate
for this work similarities between each firm and all its potential new products
in each year ? in terms of the use of inputs (or input mix), as such similarity is
used as explanatory variable in all the regressions presented in the subsequent
sections. This required the calculation of many dot products of two vectors of
use of inputs for each product-firm combination for each year. This means that
several procedures would have to have been applied to the 5.2 million observa-
tions if I had used my full database. I tried this, and unfortunately it exceeded
the capacity of the computers available at DANE’s office.

In order to bypass this problem, I took a stratified random sample of 2 per-
cent of all the available firms in my full dataset, this is, 160 firms. Strata are
defined by an interaction of two dimensions: quartiles of sales of firms in their
initial year and number of produced products by firms in their initial year. This
procedure guarantees that the sample includes firms that had different sizes in
sales and different product scopes when they were born (or started complying
with the sales and/or employment requirements to be included in the EAM). I
selected these two variables because it is reasonable to expect that they have
more influence on the process of product addition than the rest of firm-level
variables for which I have information. More specifically, it is reasonable to ex-
pect that larger firms add more products to their product mixes, and also that
firms that produced more products in their initial year add more products to
their product mixes. Even though I do not analyze in depth the relationship of
these variables with product addition, the possibility that this correlation exists
explains their use as stratification variables.

The fact that each firm’s probability of inclusion depends on the two afore-
mentioned variables at their initial year and not on their averages across years
prevents me from selecting a sample in which firms that started being small and
grew both in sales and in product scope were over-represented. The number
of firms selected from each strata is proportional to the share that each strata
represents of the total number of firms. This ensures that all the strata are
represented in the sample to an extent that is proportional to their importance
in the total database of firms.

The initial sales and the initial number of products are correlated 1°, which
is not surprising, given that they were both chosen as stratification variables
because of their possible relationship with product addition. This correlation
reinforces the convenience of using them both as stratification variables, as this
"bivariate” stratification guarantees that the firms within each quartile of sales

9Please see the second chapter of this thesis for a formal definition of potential new prod-
ucts. In short, this firm-year-specific set includes all the products that are feasible for the
corresponding firm in the corresponding year, but are not produced by it in such year

10The correlation between the number of products in the initial year and the sales in that
year is nearly 0.55.
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are selected in such a way that the firms with different numbers of produts are
represented proportionally to their importance in the respective quartile of sales.

This sampling procedure yields a firm-year-level dataset with approximately
7.000 observations, a firm-year-product-level dataset with approximately 14.000
observations and a firm-year-material-level dataset with approximately 100.000
observations.

In addition to information of Colombian manufacturing firms, this paper uses
information of the tariffs imposed by Colombia to the imports of all products
during the period 1992-2017. Namely, I use for each product in each year the
average across all origin countries of the tariffs imposed to imports. This data
was obtained from the World Bank’s World Integrated Trade Solution (WITS).
WITS includes several product classifications. I decided to use here information
of products as defined by the Harmonized System (HS), as it is for this classifica-
tion that I found the best possible table of concordances with the classifications
of products provided by the Colombian office of statistics (International Stan-
dard Industrial Classification (ISIC) revision 2 adapted for Colombia, Central
Product Classification (CPC) version 1.0 CPC version 2.0). As I will explain
in detail in section 5, this data on tariffs is used to construct instrumental vari-
ables that are used in turn to analyze the possible existence of causal evidence
in favor of the model proposed in the second chapter of this thesis.

4 Product addition, similarity in the input mix
and skilled labour

This section explores possible empirical evidence in favor of the propositions 1
and 2 of section 2. I do this by estimating the parameters of econometric em-
pirical models. I start by presenting the formal expression of the econometric
model to be estimated. I then explain in detail how I calculated the dependent
variable and the main regressor of this model. After this, I present and analyze
key summary statistics of all these variables. Subsequently, I present the results
of estimating the econometric model mentioned above under different specifica-
tions and for different spans (from s = 1 to s = 5). Finally, I present the results
under a different way of defining the set of firms to be used in the regressions
as an important robustness check.

Econometric model and expected results

Propositions 1 and 2 of section 2 predict that a specific product is more
likely to be added by a firm in the future if it is more similar in terms of the
input mix in the present time, and that this relationship between addition and
similarity is stronger if such firm uses more skilled labour. However, a thorough
analysis of the chapter 2 of this thesis reveals that the predicted relationship
between product addition and similarity does not necessarily grow linearly as
the amount of skilled labour increases 1.

1A detailed analysis of the second chapter of this thesis reveals that the extent to which
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Given this, I use as regressors interactions of similarity with four dummies
that are equal to one for firm-year observations that belong to quartiles one,
two, three and four of the overall distribution of skilled labour (proxied here
by the number of non-production workers!'?), respectively. In this way, I do
not assume any functional form for the extent to which more skilled labour
increases the size of the relationship between product addition and similarity,
while still being able to analyze if this expected increase as a consequence of
more skilled labour does occur. The parameter for each of these interactions
measures how greater is the average relationship between product addition and
similarity for the firms within the respective quartile of non-production workers
than this relationship for the quartile whose interaction is excluded (in order
to avoid perfect collinearity). As for the quartile whose interaction is excluded
(which is always the lowest one), the relationship between product addition and
similarity for the firms within it is given by the parameter for the similarity
itself (which is also included in the model).

Quartiles of non-production workers themselves are also included as regres-
sors because the proposition 2 of section 2 also predicts that the firms with more
skilled labour add new products more easily, all else constant. In addition, this
inclusion allows me to prevent the parameters for the interactions with similar-
ity from capturing the separate effect of skilled labour (proxied by the number
of non-production workers) on product addition, instead of its effect on the size
of the relationship between product addition and similarity.

Formally, I estimate the parameters of the following linear model in order
to analyze the empirical validity of the propositions 1 and 2 of section 2:

4 4
Dypits = CH‘Z FZqut+5sSfpt+Z Bgsfpt*qut+1/)t+¢f+7'p+€fp,t+s (1)
q=2 q=2

Dyp ¢+s represents here a dummy variable that equals one if a feasible prod-
uct p that is not produced by the firm f in ¢ is produced by f in t + s, and zero
if it is not produced in ¢ + s. Sy, represents the similarity in ¢ of the input
mix needed to produce p with the input mix used by f. On the other hand,
Dy represents a dummy that equals one if the value of non-production workers
employed by f in ¢ (which is used here as a proxy for skilled labour) belongs to
the quartile ¢ of the total distribution of all observed values of non-production
workers across all firms and years. ¢, ¢ and 7, represent year, firm and prod-
uct fixed effects, respectively. The four parameters 37, the four parameters I'j
and ¢° have a superscript s because they are specific for each time span. The
summations across quartiles are from the second to the fourth quartile because
the first quartile is excluded in both cases in order to prevent perfect collinearity.

the relationship between product addition and similarity grows as a firm uses more skilled
labour is not characterized by a explicit function

12Please see the first chapter of this thesis for a complete discussion about the soundness
of using this variable as a proxy of skilled labour
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Given the proposition 1 stated in section 2, I expect §° to be positive for ev-
ery s > 1 and 6° + 37 to be also positive for every ¢ = 2...4 and for every s > 1.
In words, I expect that firms in all the quartiles of skilled labour are always
more likely to add more similar products. Formally, this means that I expect
the derivative of the expected value of Dy, ;s with respect to the similarity to
be positive for every quartile of skilled labour.

Given that the proposition 2 in section 2 states that the advantage of the
more similar products is greater in firms with more skilled labour, I expect
0 < B5 < B3 <B5. In words, I expect that increases in similarity are associated
with higher increases in the probability of addition as I move to higher quartiles
of skilled labour. As the proposition 1 in section 2 also states that less similar
products (in terms of the input mix) are added as s increases, I expect the sum
0% + B, to fall as s increases for every ¢ = 2...4, and I also expect ¢* to fall as s
increases.

The proposition 2 in section 2 also states that firms with more skilled labour
are on average more likely to add new products. Given this, I expect the sum
Ly, +(6° + ﬁS)E[Sfpt] to increase as q increases, for ¢ = 2...4, and I also expect
Ty + (6° + B3)E[Sfpt] > 6°E[Syp]. In words, the latter condition guarantees
that the expected value of D¢y 44 for the second quartile of skilled labour is
greater than this expected value for the first quartile of skilled labour, for given
a span s. The former condition implies that the same is true when the third
quartile is compared to the second and first quartiles, and when the fourth
quartile is compared to the third, second and first quartiles. As I show below in
Table 1, the empirical estimator for E[Sf,] (this is, the sample mean of Sy,)
is 0.48. Therefore, I expect I'; + 0.48(6° + ﬁ;) to increase as ¢ increases and
Ty + 0.48(8° + 35) > 0.485%, for ¢ = 2...4 and for every s > 1.

Finally, the error term €fp 1, is assumed to be normally distributed with
mean zero for every s > 1. These errors are clustered by firm. In other words,
they are assumed to be independent across firms, but are allowed to be cor-
related with each other across time and products within each firm, and none
theoretical structure is imposed for such correlation. Instead, such structure is
directly estimated from the data.

Definition and construction of variables

The set of feasible products for a firm f (which is needed to establish the
domain of the variable Dy, ;1 in each case) is defined in a completely empirical
way. Namely, it includes all the products that were ever produced by any firm
simultaneously with any of the products produced by f in any year.

The variable Sy, represents the similarity in terms of the use of materials
between the firm f and the product p in ¢. It is calculated as a dot product of
2 vectors of expenditure shares on all the available inputs. One of them (z ;)
contains the observed shares for a firm f in ¢. The other (z,;) contains the av-
erage of shares across all the firms in the sample that produce a product p in t.
This dot product yields a number between zero and one, as it is normalized by
dividing its value by the product of the total variability of both vectors. A value
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of one would indicate that the input mix needed to produce p in ¢ is identical
to the input mix used by f in ¢. In contrast, a value of zero would indicate that
they are completely different. Formally, I calculate S¢,; by using the following
formula, as in Boehm et al. (2019):

K
t Zkzl L fktTpkt (2)

Sty =
! [(Zszl I?“kt) (ZkK:I m%kt” v

Summary statistics

The table 1 below shows different summary statistics of the variables that
are used in this section to estimate the model described in (1) for different time
spans. Some variables are observed at the firm-product-year level, whereas oth-
ers are observed just at the firm-year level. In all the cases I used the sample
described in detail in section 3.

The variables named D(future production) are dummy variables that equal
one if a feasible product is produced and zero otherwise 2. They can indicate in
a year t the production of a given product in the current year or k years ahead,
for k = 2...5.

For each time span I present the summary statistics for D(future production)
in two different cases. In the first case (”All products”) the summary statistics
are calculated by using the future production dummies of all the products in
the whole feasible set of the corresponding firm. Formally, the means estimate
in this case the unconditional probabilities of future production. In the second
case (”Products not being produced in t”) the summary statistics are calculated
by using just the future production dummies of those products that belong to
the firm’s feasible set and are not produced by the firm in t. Formally, the means
estimate in this case the conditional probabilities of future production.

The first pane (textit ”All firms”) shows the summary statistics when all
the sampled firms are included. The other four panes show the statistics when
only the firms that belong to the ¢ — th quartile of non-production workers are
included, for ¢ = 1...4. This disaggregation across quartiles of non-production
workers matters because this variable is used here as a proxy of skilled labour,
and the propositions presented in section 3 state that the amount of skilled
labour used by a firm determines to some extent its capacity to add new prod-
ucts to its product mix in the future.

The fact that the median is zero for all the cases indicates that most fea-
sible products are not added by the firms to their product mixes, neither in
the present time nor in the future (up to 5 years ahead). As expected, the

13 As explained above, the set of feasible products of a firm f includes all the products that
were ever produced by any firm simultaneously with any of the products produced by f in
any year.
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conditional probabilities are much lower than the unconditional ones. The con-
ditional probabilities truly quantify the probabilities of addition of potential
new products in the future, as they correspond only to products that are not
produced in ¢t. On average, between 3% and 7% of the potential new products
are added in the future, depending on the time span and the amount of non-
production workers. Very importantly, the probability of addition is higher for
the highest quartile than for all the other quartiles for all the time spans, and
the probability of addition is higher for the second quartile than for the first
quartile for all the time spans.

The row below the quartiles (”Similarity with the firm in the input mix in
t”) shows that the feasible products that are effectively produced by a firm in ¢
are on average more similar to each other than to those feasible products that
are not produced by this firm in ¢. In other words, the average similarity of
the produced products with the rest of produced products is higher than the
average similarity of the non-produced products with the produced products.
This is consistent with the propositions presented in Section 2.

As for the statistics for the firm-level variables, it is to note that firms use on
average approximately two production workers per each non-production worker.
It is also to note that the probability that a firm that exists in ¢ drops at least
one product from its product mix in ¢+ k does not change much across different
values of k (for k = 2...5).

Results

In order to obtain consistent estimators for the parameters in equation (1),
I run a regression with ordinary least squares with information from the EAM
(see chapter 3 for details of this database). Namely, I use the module of the
EAM that includes information of prices and quantities of all the inputs used by
all the firms in every year to calculate S, for all the products in the feasible
set of every firm in the sample. I use the module of the EAM that includes
information of prices and quantities of all the products sold by all firms in every
year to define the feasible set of each firm and to construct the dummy variables
D¢pt+s. The number of non-production workers was directly taken from the
EAM and used in the regression.

I start by presenting and interpreting the results of estimating the model (1)
for s = 1, and then I move to longer spans. This because it is convenient to
analyze initially the short-term relationship between product addition and the
interaction of similarity with non-production workers, and then analyze sepa-
rately such relation in longer terms. This distinction is relevant in the empirical
work presented here because all the regressors (similarity, dummies for quartiles
of non-production workers and their interactions) are all defined in the present
time ¢, and their relationships with future product addition might be easier to
identify in the short term than in the long term, when other excluded dynamic
factors might affect the pattern of product addition to a larger extent than in
the short term. I present also the results of regressions in which only the quar-
tiles of non-production workers and the similarity are included separately as
regressors.
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All products Products not being produced in t
Mean | Median |Standard deviation| N Mean | Median | Standard deviation N
t+1 0.21 0 0.41 41,292 0.05 0 0.26 31,543
" +2 0.17 0 0.37 41,292 0.05 0 0.28 31543
& +3 0.13 0 0.34 41,292 0.05 0 028 31,543
2 t+4 0.10 0 0.30 41,292 0.05 0 0.27 31,543
+5 0.07 0 0.26 41,292 0.04 0 0.24 31,543
3 t+1 0.21 0 0.40 7.985 0.05 0 0.27 5,986
28, | 0.14 0 0.35 7.985 0.05 0 0.27 5,986
g2 5
& E | 0.10 0 031 7.985 0.04 0 0.26 5,986
8 E
2 +4 0.07 0 0.26 7,985 0.03 0 0.2 5,986
ié +5 0.05 0 0.21 7.985 0.03 0 0.21 5,986
g | § E t+1 0.19 0 0.39 10,307 0.04 0 0.24 8,021
3% P 5 3 3 5
w2 | t+2 0.15 0 0.36 10,307 0.05 0 0.26 8,021
P13 £5%
- | & 53 F |3 0.11 0 0.32 10,307 0.05 0 0.28 8,021
3| & 8 &5
- 2 2 t+4 0.08 0 0.27 10,307 0.05 0 028 8,021
e g
3 |a i@ t+5 0.05 0 0.23 10,307 0.04 0 0.26 8,021
a = " N
ha 3 +1 021 0 0.41 10,627 0.04 0 025 8,150
38, |2 0.17 0 0.37 10,627 0.05 0 0.2 8,150
EE
e3E |3 0.13 0 0.34 10,627 0.05 0 0.26 8,150
g8 5
o t+4 0.09 0 0.29 10,627 0.03 0 023 8,150
ié +5 0.06 0 0.24 10,627 0.03 0 0.21 8,150
:‘f t+1 0.22 0 0.41 12373 0.05 0 0.27 9,386
é; g, |2 0.19 0 040 12373 0.06 0 0.30 9,386
R
ENE S 0.17 0 0.37 12373 0.07 0 0.31 9,386
8 ™
o t+4 0.14 0 0.34 12373 0.07 0 0.32 9,386
i.g t+5 0.11 0 0.31 12373 0.05 0 0.27 9,386
Similarity with the firm i
ity with the fiemn |-, o 0.61 033 32704 048 047 032 24278
the input mix in t
D (current production) 0.24 0 0.42 41,292
Non-production workers | 19.57 6 5024 10,866
8 Log of sales (COP of 2005)|  17.06 1672 1.89 10,366
-}
]
§ Production workers 38.06 12 9179 10,366
”% Dropped in t+2 0.19 0 0.39 7.199
g Dropped in t+3 0.20 0 040 6.625
[}
Dropped in t+4 0.19 0 0.39 6.042
Dropped in t+5 0.18 0 0.39 5,746

Table 1. Summary statistics of relevant firm-product-level and firm-level
variables.

Table 1 presents the results of estimating the model (1) for s = 1 by ordinary
least squares as described before. The third column shows the results when all
the regressors in the equation (1) are included. The most important finding is
that &1 —|—ﬁ; is positive as expected for ¢ = 2 and ¢ = 4. Moreover, the estimator
for the parameter 8, (that is, for the highest quartile of non-production work-
ers) is larger than the estimators for 53 and B3. This means that the correlation
between similarity and product addition is unambiguously larger for the firms
in the highest quartile non-production workers than for the firms in all the other
quartiles. The fact that the estimator for S, is positive and statistically signifi-
cant means that the firms in the second quartile of non-production workers have
a higher correlation between product addition and similarity than the firms in
the first quartile of this variable.

The only fact in Table 2 that contradicts the proposition 1 of section 1 so
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far is that the correlation between product addition and similarity is not larger
for firms in the third quartile than for those in the second quartile. I ran an
alternative specification of the model (1) for s = 1 in which I included the log-
arithm of sales as a regressor, in order to avoid a possible omitted variable bias
(as the number of non-production workers of a firm is positively correlated with
its size, proxied here by its sales). However, the main conclusions summarized
so far remain in this case.

Very importantly, the consistency of my empirical results with the theoret-
ical prediction that 0 < 35 < 35 < 3j increases when I include the potential
cost of production as a regressor. I will show this result in the section 5 of this
paper. The inclusion of this variable might seem redundant with the inclusion
of similarity, as it is possible that more similar products are added more eas-
ily precisely because they are cheaper (and therefore more profitable) for firms.
Suppose that a firm f is very good at using glass in ¢. This makes its cost of
producing windows (w) in ¢t + 1 low. As a consequence, f adds w to its product
mix in t + 1. f is also likely to produce glass-intensive products in ¢. In this
example, the similarity between w and f’s production in ¢ in terms of the input
mix is high, as both mixes are intensive in glass. In addition, the potential cost
of w is low in ¢ + 1. Both facts (the high similarity of w and its low potential
cost) come from the fact that f is good at using glass. Given this, the inclusion
of both variables in a regression might be redundant.

However, it is possible that the empirical similarity depends also on other
variables different from the drivers of the potential cost. Firms might be forced
to use in reality inputs in certain combinations because of physical restrictions
in the availability of certain inputs. There may be also technical innovations
that lead firms to use temporarily or permanently certain inputs for whose use
they do not necessarily have high firm-input-specific productivities. If this were
the case, two implications would arise. Firstly, including both the potential
cost and the similarity in a regression would not be completely redundant, as
they reflect similar but different drivers. Secondly, the similarity might be less
correlated than the potential cost with product addition. This because the sim-
ilarity might indicate just (i) the input mix that a firm has to use to produce a
product, whereas the potential cost would measure (ii) its intrinsic capacity to
produce it cheaply. It is reasonable to expect that (ii) is more correlated with
product addition than (i), as long as product addition is more determined by
firms’ perception of their capacities than by their actual use of inputs.

Given these reasons, I will explore in the section 5 of this paper what hap-
pens when both the similarity and the potential cost of production are included.
The main conclusion will be that in this case there is stronger evidence that
0 < pB5 < B3 < B, as expected. I interpret this as suggestive evidence of a
possible omitted variable bias in the specification (1). Please see the section 5
for a detailed discussion of these results.

As expected, the sum I'y + 0.48(5° + ;) is greater for the fourth quartile
than for all the lower quartiles, and I'y + 0.48(8' + 1) > 0.486'. However, the
same cannot be concluded for the third quartile when compared to the first and
second ones. Therefore, the evidence about the hypothesis that firms with more
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non-production workers are more likely to add new products is not conclusive
for s =1.

D{future production) D(future production) D{future production)
D{quartile 2 of non-production workers) 0.0020 -0.0074
(0.0066) (-0.0238)
(0.0026) (0.0062)
D(quartile 3 of non-production workers) 0.0034 -0.0005
(0.0114) (-0.0016)
(0.0036) (0.0011)
D{quartile 4 of non-production workers) 0.011§=== 0.0017
(0.0418) (0.0060)
(0.0041) (0.0021)
Sumlanty 0.0269%== 0.0102
(0.0650) (0.0247)
(0.0044) (0.0093)
Similarity*D{quartile 2 of non-production workers) 0.0205==
(0.0414)
(0.0100)
Sumulanty*D(quartile 3 of non-production workers) 0.0140
(0.0278)
(0.0128)
Similarity*D(quartile 4 of non-production workers) 0.0266==*
(0.0526)
(0.0094)
Constant 0.0240
()
(0.0179)
Observations 24228 31,543 24228
R-squared 0.2028 0.1674 0.2035

Table 2. Results of regression of product addition as a function of similarity in
the input mix interacted with dummies for quartiles of non-production
workers. Beta coefficients in parentheses one line below the estimators.

Estimated standard errors two lines below the estimators.

The numbers below the estimators in Table 1 are the beta coefficients that
correspond to each one of them. The beta coefficient for a specific regressor is
calculated from its estimator and the standard deviations of both that regressor
and the dependent variable. Formally, a beta coefficient for a variable x mea-
sures how many standard deviations the dependent variable grows or falls on
average when the corresponding regressor grows one standard deviation. This
allows an easier economic interpretation of the size of the correlations between
the regressors and the dependent variable. The numbers two lines below the
estimators are the estimated standard errors. I report beta coefficients and
standard errors in this same order in the tables 3 and 4 below. 4.

Summarizing, I have found so far mixed evidence of the possible validity of
propositions 1 and 2 of chapter 2. More specifically, the evidence is in favor
of these propositions when the firms with the highest values of skilled labour
are compared to the rest of firms. Firstly, the firms with the highest values
of skilled labour (proxied by the number of non-production workers) exhibit

141n the table 5 I report just the p-values because in that case the size of the correlations
is not relevant, whereas it will be more important to analyze if the null hypothesis of non-
significance of the instrumented variables used to test for causality can or cannot be rejected.
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a higher correlation between similarity and product addition than the rest of
firms. Similarly, firms in the second quartile of non-production workers exhibit
a higher correlation between these two variables than the one observed for the
firms in the first quartile. Finally, the expected value of the dummy for product
addition one year ahead Dy, ¢4 is on average higher for the firms in the fourth
quartile of the number of non-production workers than for the rest of the firms,
as expected.

Let us suppose that there exists a firm f1 with a level of skilled labour
(non-production workers) that belongs to the second quartile of this variable
in t. According to Table 1, an increase in t of one standard deviation of the
similarity between a product p and f1 in terms of the input mix makes f1
4.1% more likely to add p than a firm in the bottom quartile of skilled labour
(non-production workers). In contrast, if other firm f2’s skilled labour (number
of non-production workers) belongs to the fourth quartile of this variable in ¢,
an increase in t of one standard deviation of the similarity between a product
p and f2 in terms of the input mix makes f2 5.3% more likely to add p than
a firm in the bottom quartile of skilled labour (non-production workers). On
the other hand, the average probability of addition for f1 of a product with a
similarity of (say) 0.4 is 0.024 4 0.0102 % 0.4 + 0.0205 % 0.4 = 3.6%. In contrast,
the average probability of addition for f2 of a product with a similarity of (say)
0.4 is 0.024 4 0.0102 % 0.4 + 0.0266 * 0.4 = 3.9%.

Given that the results found for s = 1 are partially in favor of the propo-
sitions 1 and 2 of section 2, it is reasonable to expect the same for s > 1. In
order to analyze the possible empirical validity of these propositions for s > 1,
I ran four regressions with ordinary least squares that correspond to the model
(1) for s = 2...5. Table 3 shows the results.

A first fact that stands out from Table 3 is that the number of observations
falls as the time span becomes longer in most of cases. This happens because
of two factors. Firstly, some firms in my sample disappear as the time passes,
so the number of firms that remain in the sample for s years falls as s increases
(that is, as the span of analysis becomes longer). Secondly, the number of years
included in the regressions falls as s becomes larger, as in any regression that
includes the lead of at least one variable. Namely, one year is lost every time s
increases one unit (year). As the total number of observations in the regression
for a specific s equals the total number of years minus s multiplied by the num-
ber of firms that survive s years after each year in the sample multiplied by the
number of products in the feasible set of each firm (which does not change over
time for a firm), the observed decreases in the total number of observations is
exclusively attributable to the two factors mentioned above.

Another fact that must be mentioned about the regressions in Table 3 is
that the fitting power of the models is larger for longer spans than for s = 1.
The coefficient of determination (R2) is greater than 30 percent in three of the
four cases, well above the R2 of 20% for s = 1. This might be due to several
factors. Firstly, the inclusion of the variable ”Dropped product(s) in t+s” might
be increasing the proportion of total variability in product addition predicted
by the model. This variable will be explained in detail later in this section. On

20



the other hand, R2 might also be higher because the firms included in the re-
gressions exhibit less variability in their patterns of product addition as s grows
from 1 to higher numbers.

21



44

Difutnre production in -~ D{future production in - D{futuce production in

Djfuture production in

t+2) t+3) t+4) t+3)
Diqguartile 2 of non-production workess) 0.0074 0.0195% 0.0245% 0.0298%=
(0.0224) (0.0390) (0.0781) (0.1022)
(0.0069) (0.0068) (0.0073) (0.0101)
Diquartile 3 of non-production workers) 0.0041 Q0111 0.0106 00133
(0.0128) (0.0344) (0.0353) (0.0477)
(0.0076) (0.0073) (0.0077) (0.0094)
Diquartile 4 of nen-production workers) 00076 0.0151% 0.0176% 0.0141
(0.0256) 0.0316) {0.0640) (0.0333)
(0.0080) (0.0091) (0.0092) (0.0104)
Similasity 00175 003295 0301 0.0226%
(0.0393) (0.0744) (0.0720) (0.0383)
(0.0102) (0.0108) (0.0108) (0.0154)
Similasity*D {quartile 2 of non-production workers) 0.0086 -0.0242%* -0.0258% -0.0244*
(0.0158) (-0.0461) (-0.0504) (-0.0309)
(0.0111) (0.0118) (0.0113) (0.0136)
Similarity*D{quartile 3 of non-production workers) 0.0043 00259+ 00182 00143
(0.0082) (-0.0467) (-0.0350) (-0.0297)
(0.0150) (0.0128) (0.0120) (0.0141)
Similarity*D{quartile 4 of non-production workers) 0.0169 00166 -0.0092 -0.0063
(0.0526) (-0.0518) (-0.0184) (-0.0136)
(0.0123) (0.0126) (0.0127) (0.0146)
dropped 0.0220 00201 0226%= 0.0142%=
(0.0586) (0.0363) (0.0660) (0.0440)
(0.0044) (0.0039) (0.0041) (0.0034)
Constant 00333 0.0606* 0.0895% 0.1042%==
() () ®] ()
(0.0287) (0.0318) (0.0360) (0.0363)
Obszervations 17,622 16,218 14,757 14,048
R-squared 02952 03021 03114 03096

Table 3. Results of regressions of product addition in future years from ¢ + 2 to t + 5 as a function of similarity in the input mix
interacted with dummies for quartiles of non-production workers. Beta coefficients in parentheses one line below the estimators.
Estimated standard errors two lines below the estimators.



As expected, §° is positive and statistically significant for every s = 2...5.
Also as expected, 6% + 7 is positive for all the non-excluded quartiles of non-
production workers (that is, for all ¢ from 2 to 4) and for every s = 2...5, with
the only exception of the firms in the lowest quartile of non-production workers
in ¢t + 5. These facts imply that the derivative of Dy, 11, with respect to sim-
ilarity is positive for all quartiles and spans, except for the firms in the lowest
quartile of non-production workers in ¢ + 5. However, I cannot conclude that
0 < B35 < B3 < B3 for any s. Therefore, the aforementioned derivative does not
grow as I move to higher quartiles of non-production workers.

The evidence does not allow me to conclude in general that the sum I'y +
0.48(0° + B, ) grows as g grows. In other words, there is not evidence that the
firms with more non-production workers are more likely to add new potential
products for s = 2...5.

As for the evolution of estimators over time, I cannot conclude from Table
3 that 6° and 8] + 6° fall over time in all cases, as expected. The evidence
is mixed in this case. To start, 6° grows from s = 2 to s = 3, but then falls
monotonically from s =3 to s =5. As for 8] + ¢*, it falls monotonically from
s = 2 to s = 5 for quartile 2. For quartiles 3 and 4 it falls from s = 2 to s = 3,
then grows from s = 3 to s = 4, and falls again from k =4 to k = 5.

Summarizing, I found that the derivative of product addition with respect to
similarity is positive on average for firms of all the quartiles of non-production
workers in all spans from s = 2 to s = 5. This is consistent with the expected
results. However, I did not find conclusive evidence that this derivative is in
general greater in firms with more non-production workers. As for the dynam-
ics of this derivative, I could not establish conclusive evidence that it falls over
time, as expected.

The variable ”Dropped” is a dummy equal to one if the firm drops a prod-
uct in the respective year t 4+ s, and zero otherwise. It intends to capture the
possibility (not explored in the model of the second chapter of this thesis) that
firms has scarce factors of production that are necessary for the production of
several products and that cannot be used simultaneously for the production of
several products to a full extent, and that therefore they need to drop some
existing products to add others. The possible existence of these factors was the-
orized by Sutton (2012), who considers it a key determinant of product scope
of countries. This variable is positive and statistically significant at a level of
significance of 1 % for every s = 2...5, which suggests the possible presence of
factors of production with the properties mentioned above. A deep exploration
of their role and nature at the firm level remains as a pending and crucial task
for future works.

It is worth to mention that the analyses of significance presented so far might
be influenced by the number of firms that I am using. Namely, my sampling
strategy implies that I am using only 160 firms, which in turn implies that I
use just 160 clusters to estimate the standard errors of the estimators. A low
number of clusters may lead in general to incorrect rejections of null hypothe-
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ses that true parameters are equal to zero'® (this is, this can lead to claiming
statistical significance in cases in which it does not exist). However, 160 is a
larger number than the minimum number of clusters identified in the literature
for the statistical inference to be still valid (which is about 50) 16.

Robustness check: keeping the same sample of firms across years

It is possible that the changes of estimators across different spans for a given
quartile of non-production workers described in the previous section be partially
attributable to changes in the sample. As I explained before, some firms dis-
appear from the sample as I move to longer spans (higher values of s) and the
sample size falls mechanically as I do so. These facts might explain to some
extent that changes of estimators across different spans differ from the expected
ones. In order to explore this possibility, Table 4 shows results for the same
regressions of Table 3, with the only difference that the regressions in table 4
are all run with the same sample. Namely, I ran all the regressions of Table 4
using only the firms that survived continuously from ¢ to ¢+5 and using in every
case only information of the years that can be used for all the four regressions.

The main conclusion from Table 4 is that the results after restricting the
sample of firms to avoid a possible attrition bias are not very different from
the ones that I found with the whole sample of firms. In this restricted case,
6 > 0 and 6° + 37 > 0 for s = 3, s = 4 and s = 5, and for all quartiles of
non-production workers. In words, the derivative of Dy, 4, with respect to
similarity is positive for all quartiles for all those three spans (3, 4 and 5 years
ahead). This is not very different from the results in Table 3. Just as for Table
3, I cannot conclude from table 4 that 0 < g5 < 8§ < 37 for any s. Therefore,
the aforementioned derivative does not grow either in this case as I move to
higher quartiles of non-production workers. Once again, I cannot conclude from
Table 4 that T'y +0.48(5° + ;) grows as g grows in general for s = 2...5. Finally,
I cannot conclude from Table 4 that §* and S + 4° fall over time in all cases, as
expected. This conclusion is identical to the one I presented for the case with
the whole sample of firms.

In addition to the possible problems induced by the exit of firms over time,
I had the concern that the variability of the dependent variables of the regres-
sions whose results are shown in tables 2 and 3 might be too low. This because
the dummies for future product addition have too many zeros, as the feasible
sets include many more products than the ones that are in fact produced by
the firms. This problem might have two negative implications. Firstly, it might
reduce the statistical power of the models estimated here. Secondly, the vari-
ance of the errors might be too low, leading to incorrect inferences about the
statistical significance of the estimators. In order to analyze if this is the case, I
ran the regressions of table 3 with a more restrictive definition of the feasible set.

I defined the feasible set in an alternative way in which this set contains for
a firm f all the products that f has ever produced and all the products with

15Please read Cameron et al. (2008) for details.
16Please read Angrist and Pischke (2009) for a detailed explanation.
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a probability of joint production with any product ever produced by f above
the median of the distribution of all the probabilities of joint production (unlike
the original definition, in which this set includes all the products that were ever
jointly produced with any of the products ever produced by f). This reduces the
number of zeros in the dependent variable (the dummy for product addition),
and prevents the problem of too small variability explained before. However, I
did not observe important changes in this case with respect to the results shown
in table 3.
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Difutnre production i D futuce production in - D(future productionin - D(futre production in

9¢

t+2) t+3) w4 t+5)
Dyquartile 2 of non-production worlers) -0.0021 0.0158 0.0258++ 0.0562++
(-0.0062) (0.0399) (0.0695) (0.1108)
(0.0099) (0.0099) (0.0091) (0.0109)
Dyguartile 3 of non-production workers) -0.0093 0.0054 0.0113 0.0183*
(-0.0302) (0.0353) (0.0603)
(0.0100) (0.0092) (0.0103)
Dyquartile 4 of non-production worlers) -0.0044 0.0192+ 0.0183
(~0.0160) (0.0675) (0.0679)
(0.0107) (0.0113) (0.0107) (0.0113)
Similarity 0.0188 0.0337+ 0.0285+% 0.0342+
(0.0435) (0.0738) (0.0635)
(0.0146) (0.0148) (0.0136)
Similarity*D)guartile 2 of non-production workers) 0.0075 -0.0164 -0.0148
(0.0133) (-0.0282) (-0.0250)
(0.0162) (0.0167) (0.014%)
Similarity* D guartile 5 of non-production workers) 0.0064 -0.0233 -0.0068
(0.0118) (~0.0400) (-0.0121) (~0.0293)
(0.0169) (0.0160) (0.0143) (0.0151)
Similarity* D) guartile 4 of non-production workers) 0.0109 -0.014% 0.0002 -0.0098
(0.021%) (-0.0280) (0.0004) (~0.0201)
(0.0164) (0.0164) (0.0153) (0.0164)
dropped 0.0219+=+ 0.0257+=* 0.0221++ 0.0156++
) (0.0691) (0.0598)
(0.0054) (0.0050)
Constant 0.0804+ 0.1018+=
) 8] (8]
(0.0372) (0.0383) (0.041%) (0.0417)
Ohbservations 11.625 11,625 11,625 11.625
PR-squared 0.2081 0.3292 0.3660 0.5601

Table 4. Results of regressions of product addition in future years from ¢ + 2 to ¢t + 5 as a function of similarity in the input mix
interacted with dummies of quartiles for non-production workers keeping the same sample. Beta coefficients in parentheses one line
below the estimators. Estimated standard errors two lines below the estimators.



Discussion

The results presented in this section are mostly indicative of the existence of
a positive derivative of product addition with respect to similarity that remains
over time, although it does not change over time in the way I expected. In sim-
pler words, firms keep on adding to their product mixes even in the long term
products whose production required in ¢ input mixes that were more similar to
the input mixes used by them in that year. This finding is important because
this persistence is consistent with the main and distinctive feature of the model
that T proposed in the second chapter of this thesis, which is the persistence
of firm-input-specific productivities that cause persistent patterns of product
addition.

On the other hand, the empirical results presented here are not fully consis-
tent with the expected result that the derivative of product addition with respect
to similarity is greater in firms with more non-production workers. However, I
did find that the firms with the highest values of non-production workers exhibit
a larger derivative than the rest of firms in the short term (in ¢ + 1).

The results presented here do not suggest unambiguously that the derivative
of product addition with respect to similarity falls over time for every quartile
of non-production workers, as expected. There are several possible explanations
for this. One that is consistent with the model of the second chapter of this the-
sis is that firm-input-specific productivities might depreciate over time. If this
were the case, such productivities might grow or fall over time, depending on
the size of the depreciation and on the scale of the process of learning by using.
Depreciation might dominate in some periods, leading firms to add more (and
not less) similar products, as they must rely to a larger extent in this case on
what they already know how to do well. I do not explore this or other possible
explanations in this paper.

5 The effect of cheaper inputs on product addi-
tion

In this section I analyze if the exogenous changes in the prices of inputs have
in reality the firm-product-specific effects predicted by the theoretical model
presented in the second chapter of this thesis. Very importantly, I explain here
why the granularity of this prediction allows me to claim that finding possible
validity for it would constitute causal evidence in favor of the theoretical model
presented in the second chapter of this thesis.

The Proposition 3 in section 2 predicts what is expected to happen to prod-
uct addition if the price of an input used by the firms falls. It states that this
reduction has firm-product-specific effects on the profitability of product ad-
dition. More specifically, this effect depends in each case on two differential
elements: (i) it is larger if the respective product is intensive in the input whose
price falls, and (ii) it is larger if the respective firm has higher firm-input-specific
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productivity for the use of the inputs whose price falls.

The ideal way to analyze empirically the possible validity of the firm-product-
specific prediction contained in the proposition 3 would be to construct a vari-
able that reflects the two elements (i) and (ii) mentioned above, and analyze
its possible correlation with the phenomenon of product addition. This variable
should ideally have two characteristics. Firstly, it should be possible to calculate
it in reality, as its observed values are needed if I want to use it in an empirical
analysis. Secondly, it should capture the two differential elements (i) and (ii)
above. By "capture” I mean that this variable should respond to the changes
in the prices of inputs in directions and magnitudes that reflect the elements (i)
and (ii) above.

Fortunately, the theoretical model in the second chapter of this thesis of-
fers an ideal candidate for the variable mentioned above. The expression (6) of
the second chapter of this thesis is the conditional cost function of a firm f to
produce a quantity ), of a product p in a year ¢. Formally, this cost has the
following functional form:

Crot = [ tuesudtie ] —me
Ip kY fktVpkdfkt gp(ﬁ7m)5/9

3)

Cypt has the key property that it determines the phenomenon of product
addition (this is why it is the first result presented in the second chapter of this
thesis). Intuitively, if a firm f can produce a product p in a year ¢t at a lower
cost (this is, if Cyp above is lower), then p is more profitable for f and it is
easier for f to add it to its product mix in the future. In short, if C't,; is higher,
then the profitability of adding p for f in ¢ is lower.

Very importantly, C,e is lower for every produced quantity if the term

o op 1—0 1/1=ap
[Zk ¢f2t¢p1€qfkt p}
or down the minimum cost of production for any produced quantity. Given its
relevance for the analysis below, I will name this term CES cost index (CCI)
hereinafter, as I will use it repeatedly later. Formally:

is lower. In other words, this component scales up

o 1/1—-0
CClyp = [Zk ¢?kt¢gkq}kt

(4)

What makes CClIyp: special for the purposes of this paper is that it cap-
tures formally the intuition explained before for the facts that the firm-product-
specific effect of the reduction in the price of an input is (i) larger if the respective
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product is intensive in the input whose price falls, and (ii) larger if the respec-
tive firm has a higher firm-input-specific productivity for the use of the input
whose price falls. In other words, CC1¢,: has the desired property of capturing
(1) and (ii). The part (i) is captured by the fact that the price of each input ¢y
is multiplied by ¢k (the input-output coefficient), which amplifies the effect of
falls in prices of inputs with high ¢,5. The part (ii) is captured by the fact that
the price of each input gy is also multiplied by ¢ (the firm-input-specific
productivity), which amplifies the effect of falls in prices of inputs with high
@it Please notice that the fact that both effects are explained by the triple
product @ ri@prqsre (each with its respective exponential) implies that the two
differential factors (i) and (ii) amplify each other. This latter fact is not explored
theoretically nor empirically in this thesis, but it might be explored in the future.

So far, I have explained why CClI¢,; has the key characteristic of captur-
ing properly (i) and (ii). In short, CCIy,; determines the cost of production
(which in turn determines the phenomenon of product addition), and it changes
when the prices of inputs fall in firm-product-specific magnitudes that reflect
the differential elements (i) and (ii). However, I have not demonstrated yet that
CCl¢p: has the other desired property of being possible to calculate. Fortu-
nately, CClI¢,; can be calculated indeed, as I will show later in this section.
Before explaining how, I will explain how it is used, what are the expected re-
sults when using it, and what econometric problems might arise because of its
use.

Econometric model and expected results

Given the very important characteristics of CClIyy, I use it as a regressor for
the probability of product addition. More specifically, I include it as an addi-
tional regressor in the first econometric model of the previous section. Namely,
I estimate here the parameters of the following expression:

Dipt1 =+ 23:1 BaStpt * Dape + 23:1 LeDgye + Llog(CClLyp) + 6Spp +
Yt + Of +Tp + €fpit1
(5)

All the interpretations and explanations of expected signs provided for the
parameters in the expression (1) apply entirely for the analogous parameters
in the expression (5). The expected sign for I' is negative, as a lower CCI
should reduce the cost of production of p for f in ¢ and this should in turn affect
positively the potential profitability.

Very importantly, CC1I,: changes when the prices of inputs change in such a

way that it captures in theory the key differential elements (i) and (ii) explained
in detail above. As these very granular and specific elements are predicted by the
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theoretical model presented in the second chapter of this thesis in its more spe-
cific and granular proposition, their possible empirical validity when the prices
of inputs change exogenously may be interpreted as causal evidence in favor of
this model.

Estimation of structural parameters

As I mentioned above, it is possible to compute CClIy,;. For this, let us start
by writing the first order condition of the cost equation of a firm f to produce
a product p in a year ¢ with respect to the material s (this is, with respect to
Miypst). As I showed in the expression (17) of the second chapter of this thesis,

this first-order condition is as follows!”:

Op(=np) |

> (1—mp) 0,(1— » Pp p—1
9p (K pe, Le, Hp) 0 77) % p ¢fkt¢PkM;pkt:| PrstbpsPpMippy = dpst
(6)

It is possible to identify ¢ ¢s; and ¢, from this expression with a combination
of some simple transformations and OLS regressions. The expression (6) can be
rewritten in terms of the observable revenue perceived by the firm from sales of
product p in ¢ (represented by Ryp.) as follows:

Bipe _ Xfpt .
dfst 9p(1_np)¢fst¢'psM;£st

(7)

where ayfp = {Zk ¢fkt¢pkM})§kt]- The ratio in the left-hand side of (7)
is observable because both the revenues from selling all the products and the
prices of the inputs are observables for every firm. I represent such ratio here
by ypst- In addition, I take the natural logarithm of both sides of the equality
in (7) to get the following expression:

lnyfpst = ¢fpt - 6ps - Qfst — €fpst

(®)

where wfpt = lOg [%]7 51)5 = l09¢psu Qfst = lOg¢fst and €fpst —

logM J’f;’s_tl. The important feature of expression (8) is that all its unknown

components can be estimated by running an OLS regression of the observables

17Please see the second chapter of this thesis for an explanation of all the parameters and
variables involved in the expression (6)
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Inyspst as a function of firm-product-year, product-input and firm-input-year
fixed effects (which will account for vy, dps and Qyg, respectively). This
is important because by estimating d,s and ¢ it is possible to recover two
key components of CClIyy: the firm-input-specific productivities ¢ 5 and the
input-output coefficients ¢ps.

I use the OLS estimators of ¢ ;s and ¢, in this chapter to calculate CC1 .
In addition, they are used in the section 6 of this paper to analyze possible em-
pirical evidence of the existence of the main mechanism and main assumption
of the model presented in the second chapter of this thesis.

Given that I have now estimators for ¢, and ¢ and the prices paid by all
the firms for all the inputs are observables, all I still need to calculate CC1yp,
is a value for o. I take its value from the work from Eslava and Haltiwanger
(2020), who also used data from the Colombian EAM and performed a GMM
estimation of the elasticity of substitution across materials of Colombian man-
ufacturing firms. They assumed a CES functional form very similar to the one
I use here. Because of this comparability in terms of the used data and the
functional form, their value is highly applicable to this paper. Their average
across all sectors of these elasticities of substitution is 1.84. This is the value
that I use here to calculate C'C1 .

Once calculated, CCIy,; is used in the regression presented in the expres-
sion (5) above. Very importantly, CCI¢,; can be estimated for the products
not produced by the firms, and not only for the products that they actually
produce. This is crucial, as I use it in this section in a regression with a dummy
for product addition in ¢ + 1 of products not produced in t as the dependent
variable. Therefore, it will have to be used by definition for products that are
not, produced in ¢.

Possible endogeneity

There may be a problem of endogeneity of the variable CC1¢p, in the expres-
sion (5). Namely, this variable might be correlated with the variables included
in €fp+41. For instance, the price that the sellers of inputs charge a firm f for
the inputs needed to produce a product p can depend on their own forecast
about the future decision by f to produce or not p in ¢t + 1. If the seller of the
inputs forecasts that the firm will not produce p in t + 1, it might reduce the
prices of inputs in ¢ (especially for perishable inputs). If this forecast is based
on variables not included in the model (which is likely), this would mean that
CCl¢pe would be correlated with €7, +41, and the OLS estimator of I" would be
biased. To solve this, I perform here a two-stage least squares (2SLS) estima-
tion, using tariffs as instruments.

The Colombian trade reform of 2012

Colombia is a small open economy '®. This means that it is reasonable

18The term ”open” means in this context that goods and services can be traded from and
to the country, even though some of them are subject to tariffs.
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to assume that it is a price taker in the tradable products sold under perfect
competition, and that prices of imports should have influence on the prices of
the tradable products sold under monopolistic competition. Therefore, if the
imports of the tradable inputs used by a firm f become cheaper, the prices
of tradable inputs paid by f should fall, even if f buys them from domestic
producers. Formally, this means that there should be a positive relationship
between the price paid by f for an input k in ¢ (¢fx¢) and the tariff imposed by
the domestic government to input k in ¢ (Tj).

A simple way to justify formally the assumption that gy is positively cor-
related with Ty; comes from the optimal pricing behavior of firms under free
trade. In general, the price charged by sellers of domestic inputs to manufac-
turing firms is equal to the marginal cost of the respective input multiplied by a
factor F'. This factor can depend on several other factors, such as the elasticity
of substitution and the number of firms. It is constant under most of the mod-
els typically used in economics, and it is equal to one under perfect competition.

Formally, for domestic inputs gsr = F.MCype, where MC'yy is the marginal
cost of producing the input k faced by the domestic firm that produces it
and sells it to f in t. Analogously, the price of imported inputs is Upe =
F.MC}kt.(l + Txt), where MC%,, is the marginal cost of producing the input
k faced by the foreign firm that produces it and sells it to f in ¢. If the tariff
Tyt decreases, g}y, also decreases. Unless the domestic producer of an input k
is a monopolist, its price gk falls when g}, falls, because F' falls for k as a
consequence of the higher competition. Under perfect competition, the fall in
the tariff is fully transmitted to the price.

Given this, the policy action used here as a source of exogenous variation
in the prices of inputs is a unilateral reduction of the tariffs imposed by the
Colombian government to the imports from the United States that took place
in 2011, prior to the free-trade agreement between these two countries in 2013.
As figure 1 shows, the simple average of the product-level tariffs imposed by
the Colombian governments to the imports from the United States fell almost 3
percentage points from 2010 to 2011, and kept on falling during almost all the
successive years. In eighteen years this average fell almost 8 percentage points,
from near 12 percent in 2000 to approximately 4 percent in 2018.

The figure 2 shows that it was not only the average of the product-level tar-
iffs to the imports from United States that changed, but also the distribution
of such tariffs. The upper and lower limits of blue boxes in this figure represent
the percentiles 25th and 75th of the distribution of tariffs each year, respec-
tively. The horizontal line inside each box is the median of each year. The two
horizontal lines above and below each box are the upper adjacent values and
the lower adjacent values each year, respectively °.

Figure 2 shows several facts. The most important is that the distribution

19The upper adjacent value is uniquely defined as the j percentile of the dis-
tribution such that complies with two requirements: (A) it is smaller than
percentile(75)+1.5%(percentile(75)-percentile(25)), and (B) the j+1 percentile is larger than
this value. The lower adjacent value is defined in an analogous way
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Figure 1. Average of product-level tariffs imposed by the Colombian
government to the imports from the United States.
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Figure 2. Box plots of yearly distributions of product-level tariffs imposed by
the Colombian governments to imports from the United States.
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of Colombian tariffs to imports from the United States changed in many senses
in 2011. Namely, the interquartile range (75th percentile - 25th percentile) fell
from nearly 10 percentage points in all years from 2000 to 2010 to approximately
5 percentage points in 2011. In this last year 50% of the tariffs were between
5 and 10%, which moved the median down from 10% in previous years to 5%
in 2011. Several values that would have been below the upper adjacent values
in previous years became outliers in 2011. This change in the concentration of
the distribution towards lower values continued in the successive years. As a
consequence, the median of the distribution fell almost to zero in 2016. Even
though it increased temporarily to nearly 3 percent in 2017, it fell again since
then until 2019, when it reached again a value very close to zero.

The fact that the median of product-level tariffs imposed by the Colombian
government to the imports from the United States fell nearly 5 percentage points
from 2010 to 2011 means that many tariffs changed, and that the reduction was
not applied just to a few products. This conclusion is reinforced by the other
changes in the distribution that can be observed in Figure 2 from 2010 to 2011.
The 25th percentile seems to have remained the same (around 5 percent), but
the mean fell from nearly 10 percent to nearly 5%. These facts mean that the
second quartile of the distribution squeezed. More specifically, 25% of the prod-
ucts had until 2010 a tariff between 5 and 10%, and they (or other products
that replaced them in the second quartile) switched to have a tariff of 5% or
below.

As a consequence of the squeezing of the lower quartiles described before and
of possible reductions of tariffs in the upper parts of the distribution, the 75th
percentile also fell nearly 5 percentage points from 2010 to 2011, from nearly 15
percent to 10%. In summary, the change in tariffs that took place in 2011 was
not a reduction in just a few products. Instead, it affected a proportion of the
products sufficiently high as to cause the notorious change in the distribution
that can be seen in Figure 2. The same is true for the years after 2011. Addi-
tional checks confirm that the tariffs of more than half of the products fell in
2011, and the same is true for the subsequent years.

The fact that the reduction in tariffs from 2011 was broad both in its ex-
tensive (number of affected products) and intensive (extent of changes) margins
allows me to use it as a phenomenon that affected most of the products used
as inputs by the Colombian manufacturing firms. As for the exogeneity of this
phenomenon, it is reasonable to assume that the residuals €f,; in expression
(1) in 2011 and in the subsequent years were uncorrelated to the decision of the
government to reduce the tariffs of the inputs that are critical for the production
of p by firm f since 2011.

Even though some factors that might affect product addition by a firm f
such as its capacity of agency or lobbying might be correlated to the decision
of the government to reduce or not the tariffs of the inputs used by f, I discard
the possibility that this is a generalized fact. This because the median of the
market share of a firm in the total market of a product in a year is below 30
percent, even though the definition of product used here is as narrow as possible
(that is, I use the most disaggregated level of product definition available in the
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different product classifications used here).
Results

If the generalized reduction in tariffs that occurred from 2011 led to a fall in
the prices of the inputs used by the Colombian manufacturing firms, this gener-
alized reduction should cause a decrease of the right-hand-side of expression (4).
Given this relevance as instruments, I use here the average tariffs imposed by
the Colombian government to imports from the rest of the world as instruments
for CCIyp in a 2SLS regression.

In the first stage I regress CClIy, on the two principal components of the
tariffs in ¢ on all the inputs used by the firm in ¢. These two principal compo-
nents are uncorrelated with each other and they have two key properties: (i)
they capture the maximum possible variance of the original tariffs, which means
that they capture to a large extent the most notorious differences across tariffs
within a firm in a year, and (ii) they are therefore a two-dimensional comprised
version (in terms of variance) of the original tariffs. Therefore, they capture to
the largest possible extent the variability of these latter while still allowing me
to have just two uncorrelated variables derived from all the tariffs for each firm.

The two-dimensional nature of principal components allows me to run a
unique regression for all the firm-year-product combinations in the first stage.
This regression has just two explanatory variables in all cases, unlike the po-
tential situation in which I had used all the relevant tariffs for each firm in
each year?%. In the second stage I used the predicted values from the first stage
CCTjp as an explanatory variable in (5).

Table 5 shows the results both using such principal components as instru-
ments for CCIyy,: and using CClyy, itself as a non-instrumented regressor.

I report results in all the specifications included in the table (5) both includ-
ing and excluding similarity and its interactions with dummies for quartiles of
non-production workers. This because there are valid reasons both to include
them and to exclude them.

The similarity might be highly correlated with CCl¢p,. If a firm f is very
proficient in the use of a particular input k in ¢ and the product p is very inten-
sive in k, then CClIy,, will be low. If these assumptions hold, it is likely that
f uses k intensively, and also that the production of p is in general intensive in
k. In other words, it is likely that the similarity between f and p in the use
of inputs is high, which in mathematical terms would mean that Sy, is high.
Therefore, there are theoretical reasons to expect a high negative correlation be-

201t would be possible in theory to run firm-year-specific regressions of CClypy as a function
of all the tariffs relevant for the firm in ¢. However, the number of observations for each firm
in this case would be equal to the number of produced actually products by it in t. As each
manufacturing firm produces on average less than four products in a year, the number of
observations of each regression in this second specification would be very low in many cases.
This problem can be reinforced by the fact that some firms use many inputs, which increases
the number of parameters to be estimated.
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tween C'Clyp; and Spp.. The negative correlation between these two variables
is indeed slightly above -0.5 in absolute value. Therefore, my estimator for I"
might be inconsistent if I exclude Sy, and its interactions from (5).

However, there are also theoretically valid reasons to exclude Sy, and its
interactions from (5), as it is possible to argue that CClyy, and Syp, are con-
ceptually redundant and they do not need and should not be included in the
same regression, as the same fundamentals drive them both. If a firm f is very
good at using an input k and some products are very intensive in k, the model
presented in the second chapter of this thesis predicts that such products are
more likely to be added by f than others because f can produce them efficiently
(this is, because CClgp; is low). This higher relative efficiency is materialized
in reality by the fact that f uses k intensively, just like k is intensively used to
produce those products. This similar intensity implies a high S¢p:. In short,
similarity is just a metric that reflects and materializes efficiency, and its ex-
clusion should not generate any inconsistency, as it does not have influence on
the error once CClypy, is included.

The extent to which the models including similarity and its interactions are
better suited to yield a consistent estimator for I' than those excluding them
depends on the extent to which similarity is correlated with other factors related
to product addition and uncorrelated to firm-input-specific productivities, such
as general technological changes that determine input-output coefficients. As
there is not certainty about this extent, I decided to report results both with
and without similarity and its interactions in all cases.
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L8

D(future production] D{future production) D{future production) D{future production)

Diquartle 2 of non-production woskers) -0.0009 -0.007
(0.0354) (0.0143)
Diquartile 3 of non-production workers) -0.0006 -0.0006
(0.0011) (0.0011)
D(quartile 4 of non-production workers) 0.0019 0.0022
(0.0041) (0.0701)
Sinularity 0.017(>= 0.0111
(0.0090) (0.2133)
Similanty*Di(quartile 2 of non-production workers) 0.0100+ 0.0175%*
©.0701) (0.0116)
Simulanty*D{quartile 3 of non-production woskers) 0.0060 0.0255%*
(0.3741) (0.0133)
Similagty*D)(quastile 4 of non-production wokers) 0.0179+* 0.0592%*
(0.0358) (0.0002)
log( CCley,) -0.0061#= -0.0054=
(0.0000) (0.0002)
log(CCTppe ) -0.0195 -0.0217
(0.4149) (0.3524)
Constant -0.0143 -0.0213 -0.1499 -0.2030
(0.3308) (0.2185) (0.4047) (0.2498)
Observations 22,508 18,509 9,738 9,738
R-squared 0.1857 02233 0.2630 0.2631

=+ p<00L, * p<0.03, * p=0.1

Table 5. Results of regressions of product addition in ¢ 4+ 1 as a function of a cost index and similarity in the use of materials interacted
with dummies for quartiles of non-production workers. Estimated standard errors one line below the estimators.



The estimator for CC1y, is negative as expected under all the three specifi-
cations, both with and without the inclusion of the similarity and its interactions
with the dummies for the quartiles of skilled labour. However, this estimator is
statistically significant only when I use OLS without using the principal com-
ponents of tariffs as instruments for CC1Iy,, (it is actually highly significant in
this case). The number below each estimator is the p-value for the null hypoth-
esis that the corresponding true parameter is equal to zero. The p-values show
that the null hypothesis of non-significance is far from being rejected when I use
tariffs as instrument for CC1I¢p,.

If the changes in tariffs are more exogenous than the prices of inputs to the
non-modeled firm-product-specific factors that are correlated with product ad-
dition (as I reasonably assume), these results suggest that there is not conclusive
causal evidence in favor of the model presented in the second chapter of this
thesis. However, it is still valid to state that if changes in the prices of inputs
were exogenous to such factors to some extent (as might be the case for firms
in more competitive markets), the first two columns of Table 5 would indicate
the presence of such evidence to some extent.

Very importantly, the results in Table 5 are highly consistent with the pre-
diction derived from the proposition 2 in section 2 that 0 < g5 < 35 < f5.
More specifically, the results in Table 5 are more consistent with this prediction
than those shown in Table 2 in section 4. The only difference is that in Table
5 I included the CES cost index (CCI) as a regressor. As long as this variable
is correlated with the product addition and its drivers (structural firm-input-
specific productivities and input-output coefficients) are not fully captured by
the similarity, its exclusion would generate an omitted variable bias in the re-
sults of Table 2 that would not exist in the results of Table 5 (provided that CCI
is correlated with the similarity, as is the case). In summary, the results shown
in Table 5 validate empirically the proposition 2 in section 2 to a larger extent
than the results shown in Table 2, given the correction of a possible omitted
variable bias in the former case.

The possibility of using CC:Tfpt to get a consistent estimator of I' in expres-
sion (5) depends on the validity of the tariffs as instruments. Formally, they
must be uncorrelated with the errors €, ;4+1. Given that expression (5) includes
fixed effects by firm, year and product, €¢p ¢++1 includes only factors that vary for
two or more combinations of those three dimensions. In other words, it includes
in theory all the firm-product-specific, firm-year-specific, product-year-specific
and firm-product-year-specific factors that have effect on the product addition
decisions and that are not included as regressors in expression (5). It is rea-
sonable to assume that all the factors that vary to some extent across firms are
uncorrelated with tariffs, as the generalized reduction in tariffs that took place
in 2011 was a comprehensive policy that did not attempt primarily to attend
requests of specific firms nor to solve firm-specific problems that might affect
product addition.

Product-year-specific factors can be more problematic, as there may be time-

varying product-specific factors that are common across all the firms that might
potentially produce the product in question with two problematic properties:
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(i) these factors might affect the firms’ decisions to add the product in question,
and (ii) these factors might be correlated with the tariffs imposed by the Colom-
bian government to the imports from the U.S. of the inputs needed to produce
that product. If (i) and (ii) were true, the tariffs would not be valid instruments.

The possible existence of time-varying product-specific factors with the prop-
erties (i) and (ii) above can be rationalized in several ways. Firstly, there might
be time-varying product-specific shocks that might be correlated both with the
product addition of the product in question and with the tariffs imposed by
Colombia to the imports from the U.S. of the inputs needed to produce the
product in question, such as demand shocks. If this were the case, the tariffs
would not be valid instruments anymore. Secondly, some sectors 2! that pro-
duce some specific products might be able to foresee the future changes in the
tariffs of the inputs needed for their production, and they might take this into
account when deciding to produce their products or not some years before the
tariffs reduction. If there is persistence in this ”anticipation effect”, the tar-
iffs would not be valid instruments. Thirdly, the tariffs reduction might have
been more pronounced for those products that are used as inputs of some spe-
cific products that are produced by sectors (this is, sets of firms) with specific
properties, such as high lobbying capacity. If this capacity is persistent and cor-
related with product addition, the inputs tariffs would not be valid instruments.

The first possibility is the least worrisome, as I found in the first chapter of
this thesis that the change in the average sales price of a product is uncorrelated
with the probability that the product in question is added by the firms that may
potentially produce it. This should not be the case if demand factors poten-
tially correlated with the tariffs (such as demand shocks) affected the product
addition. As for the second and third concerns, I do three things to discard
their possible occurrence.

To start, I perform a parallel trends test for the product addition, in order
to discard the possibility that the sectors that were more favoured by the inputs
tariffs reductions added more products before such reductions than the rest
(possibly because they foresaw these reductions). For this test, I use as pre-
treatment period the years 2008 and 2009, and as post-treatment period the
year 2010. This because the tariffs reduction was carried out in 2011. As for
the treatment, I categorize as treated those products for which the weighted
average of the tariffs on their inputs (using expenditures shares as weights) are
above the median of this metric of inputs tariffs reduction, and as untreated
the rest of products (this is, those for which this metric is below its median).
The test consists of an augmented difference-in-differences regression. Formally,
I ran the following regression:

217 yse the term ”sector” here to make reference to the set of firms that produce a product.
I use this term when I need to emphasize the fact that these firms constitute an aggregate with
possible specific characteristics such as lobbying capacity. I can use this term and the term
?product” indistinctly without incurring into any conceptual mistake, as they both correspond
to the same level of aggregation. Please notice that a firm can belong to several sectors here,
as firms can be multiproduct.
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Dipis1 = o+ ay X ppr + 2Dy + asWidsot + asWidit +vp + 71 + €fpasa
9)

where Dyp ¢4 is the usual dummy for product addition of product p by firm
f one year ahead, Xy, is a set of covariates (the similarity index and its in-
teractions with the quartiles of non-production workers), v, and 7, are product
fixed effects and time fixed effects, respectively, D,; is the usual dummy in DID
regressions that equals one if the observation corresponds to a treated product
(this is, to a product that exhibits a metric of inputs tariffs reduction above its
median) and the observation corresponds to 2010 and zero otherwise, w, equals
one if the observation corresponds to a treated product (this is, to a product
that exhibits a metric of inputs tariffs reduction above its median), ¢ is a trend,
dyo is one for 2008 and 2009 and zero otherwise, and d;; is one for 2010 and zero
otherwise.

The term W,dt captures the difference in the linear trend before 2010
(namely, in 2008 and 2009) between the products more favoured by the re-
duction in the inputs tariffs and the products less favoured by this reduction.
Therefore, if ag is statistically different from zero, there would be evidence that
the trends were different, and it might be the case that sectors that foresaw
that would be more favoured by the reduction of the tariffs of their inputs in
2011 started to produce their respective products to a larger extent than the
rest of sectors several years before the tariffs reduction. The test consists then
in performing a simple Wald test with the null hypothesis that a3 = 0 (paral-
lel trends). I find a p-value of 0.5680 for this test, which allows me conclude
that there is evidence of parallel trends in product addition of the sectors more
favoured by the reduction of inputs tariffs and those less favoured by such re-
duction. This solves to some extent the second concern stated above (i.e., the
concern of endogeneity because of a possible ”anticipation effect”).

In order to addess the third concern (possible endogeneity of inputs tariffs
reductions because of phenomena such as lobbying capacity that may affect
both product addition and tariffs reductions), I adapt the procedure used by
Baccini et al. (2019) to the needs of this paper. Namely, I adapt it to take into
account that in this paper it is the tariffs on inputs what matter, as these latter
are the ones whose principal components I use as instruments. Namely, I run
the following regression:

Tir = Bo,s + B1,sAAg 1—s + €1
(10)

where T} is the tariff imposed by the Colombian government on the imports
of input k£ from the U.S. in year ¢t and AAy;_; is the addition associated with
input k in year ¢t — s. It is calculated as follows:
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Tkt Tkt Tkt

AAye ._6"0E_10\
(9.41E-10)
-1.19E-09
Al (9.76E-10)
AAg s -4.95E-10
k=2 (1.09E-09)
c 9.6479%#+ 9.6631%+ 9.5826%
onstant (0.1022) (0.1144) (0.1263)
Observations 4105 3307 2745
R-squared 0.0001 0.0003 0.0001

== p<0.01, = p=0.05, * p=0.1

Table 6. Results of regressions of tariffs on the associated addition of products
at the input level. Robust standard errors in parentheses.
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where ), is the share of total expenditure of inputs to produce p that is
spent on input k, 1y, ;—s is an indicator function that equals one if the po-
tential new product p is added by firm f in ¢t — s, N is the total number of
potential new products that require input % for their production and N, is the
number of firms that have product p in their set of potential new products.
Intuitively, AAy ;s is a number between zero and one that measures the extent
to which the products that require input k& for their production are added by
firms, weighting each of those products by the intensity in which & is used for its
production. If I find 5; to be negative and statistically different from zero, there
would be evidence that the inputs that were intensively used in the production
of the products chosen by the firms in the past exhibited larger tariffs reduc-
tions later, which might be indicative of lobbying capacity or similar phenomena
(as long as such capacity manifests in higher product addition to some extent).
The table 6 shows the results of the regression above for s =0, 1,2, in order to
explore the relationship between tariffs and product addition for different spans.

I cannot conclude that 3, is statistically different from zero in any case. This
implies that inputs tariffs reductions were not more pronounced for inputs that
yielded higher anticipated gains in terms of product addition, which supports
the conclusion that non-observables such as lobbying capacity did not seem to
determine the changes in tariffs. I run identical regressions with the additional
inclusion of an autorregresive component of Tj;. The R2 increased to above
0.7. Very importantly, in this case I still cannot conclude that (3, is statistically
different from zero in any case.

Using the product addition as a possible predictor of tariffs might mask the
effect of lobbying capacity or similar factors to some extent, as product addition
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-1.8932
ASie (2.2652)
“1.89E+00
ASke-1 (3.0889)
AS, . -2.8585
2 (3.7608)
c 9.62847%+ 9.6219%%* 9.5701 %%+
oustant (0.0968) (0.1080) (0.1186)
Observations 4105 3307 2745
R-squared 0.0001 0.0001 0.0001

== p<0.01, = p=0.05, * p=0.1

Table 7. Results of regressions of tariffs on the associated sales at the input
level. Robust standard errors in parentheses.

may be influenced by several other factors. In order to surpass this problem to
some extent, I repeated the regressions in Table 6 but using the sales instead of
the dummies of product addition. Sales have two key properties: (i) I found this
variable to be positively correlated with product addition in the first chapter
of this thesis (which makes it an observable suspect to cause endogeneity, as I
excluded it from the regression in (5)), and (ii) it is reasonable to assume that
sectors with higher sales have higher lobbying capacity. With this in mind, I
constructed the following variable of associated sales:

ASki—s = Y0 QpSalesy o (12)

where Sales, ;_ is the logarithm of the total sales of product p in year ¢ —s.
Intuitively, AS measures how large were the sales of the products that require
input k for their production, weighting each product by the extent to which k
is required to produce it (this is, giving more importance to the products that
are more intensive in k). Just as for the case of AA above, I ran regressions of
Tyt as a function of ASy s for s = 0,1,2. The results are shown in Table 7.
I found the coefficient for AS to be statistically not different from zero in all
cases. In words, the sectors with anticipated higher sales did not benefit from
larger reductions of the tariffs of their most important inputs. In this case I
also repeated the regressions with an autorregresive component of the tariffs.
Once again, this did not alter the conclusion of statistical insignificance of the
relevant parameter. This finishes my tasks to discard the third concern stated
above.

Summarizing, it is reasonable to assume that the principal components of
tariffs are valid as instruments for CClIy,;, as it is reasonable to assume that
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they are uncorrelated with €fp, 411 in (5).

6 Evidence of the process of learning by using
and of the effect of productivities on product
addition

In this section I present an additional empirical analysis that explores the pos-
sible existence of empirical evidence in favor of the main assumption of the
model proposed in the second chapter of this thesis, and also of its main mecha-
nism. To do this I use the structural parameters (input-output coefficients and
firm-input-specific productivities) that I identified and estimated in the previ-
ous section. The main conclusion from this section will be that the evidence is
mostly in favor of the main assumption of the model presented in the second
chapter of this thesis, and also of its main mechanism.

Main assumption and main mechanism of the model

The main assumption of the model proposed in the second chapter of this
thesis is that there exists a process of learning by using, in which firms increase
their firm-input-specific productivities as they use the respective inputs to a
larger extent. The main mechanism of this model is that the products that
require intensively for their production in ¢ those inputs for whose use a firm
f has high firm-input-specific productivities are more likely to be added by f
in the years after ¢. Testing empirically the possible validity of this assumption
and mechanism is very important, as I explain below.

What makes special (a) the process of learning by using (main assumption)
and (b) the fact that firms add more easily products for which }°, ¢prpd e is
larger (main mechanism) is that if (a) and (b) happen in reality, then necessarily
the finding that the correlation between similarity in ¢ and the product addition
after ¢ persists over time is attributable to persistent firm-input-specific pro-
ductivities to some extent, which is the main feature of the model proposed in
the second section of this chapter. This would constitute additional and strong
evidence in favor of the model presented in the second chapter of this thesis,
in addition to the findings presented in the previous two sections, which are
consistent with some of this model’s propositions.

Let us assume for explanatory purposes that (a) and (b) occur in reality. This
would necessarily imply that the main findings of this work are attributable to
persistent firm-input-specific productivities because the interaction of (a) and
(b) necessarily implies that the firms add more easily more similar products
to their product mixes. If a firm f has a high productivity to use k in ¢, it
optimally uses k intensively in ¢. If (a) happens in reality, then necessarily f
will have a high productivity to use k in t + 1. If (b) happens in reality, then
f mecessarily adds to it product mix in ¢t + 1 more easily those products that
require k intensively for their production, and (once again) f uses k intensively
to produce them, as it is optimal to do it. Therefore, the products produced by
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f in t and the products produced by it in ¢ + 1 are necessarily similar in their
input mixes, as they are both intensive in k. Therefore, my empirical finding
that the products added by firms in the future have indeed input mixes that
are more similar to the input mix used by firms in ¢ is necessarily attributable
to some extent to the persistent firm-input-specific productivities.

FEconometric models

Fortunately, it is possible to run regressions to assess the empirical validity
of (a) and (b). As for (b), it is possible to run product-specific regressions of
dummies of product addition as a function of ), ¢pr¢ i in order to assess
the empirical validity of (b). If the estimator for the coefficient for ), ¢prdfre
were positive, I could claim to have found evidence consistent with (b), as this
would mean that firms have on average a higher probability of adding products
that are intensive in the inputs for whose use they have high productivities.
Formally, I run the following regression separately for each p:

Dfp,tﬂ = 60,10 + 514} Zk ¢pk¢fkt + Efp,t+1
(13)

Dy 141 equals one if p is added by f in ¢ + 1, and zero otherwise. This
variable is defined on the domain of all the potential new products for f 22.
Parameters ¢, and ¢ were estimated in section 5. Efp 11 is an error term
that is assumed to have mean zero and to follow a pattern of variability and
correlation across firms and products that is directly estimated from data 23.

If 61 is found to be positive for a product p, this would mean that p is added
more easily on average by firms with high productivities for the use of the inputs
in which the production of p is intensive. If this were the case, this evidence
would not be contradictory with (b) above. If this were the case for many prod-
ucts, the evidence would be mostly in favor of (b). I ran a different estimation
for each product. This is why both coefficients in (13) are product-specific.

As for (a), I ran input-specific regressions of the firm-input-specific produc-
tivity of each firm f in material k in year t + 1 (¢ ¢41) as a function of the
amount of k used by f in year ¢ (fi¢). Formally, I ran the following regression:

Grkirr = ok + 01 kMg + Epp 1
(14)

Efr.++1 is a firm-material-year-specific error term that is assumed to have
the same properties as Eyp 41 above. A positive estimator of 6; would mean
that it does happen on average for input k that the productivities of firms to

22Gee section 2 for a definition of the potential new products
23In short, this means that I use the Huber-White sandwich estimator of the variance-
covariance matrix
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use it grow on average as they use it more (by the process of learning by us-
ing). This is exactly what (a) states. If this were the case for many inputs, I
would have found evidence that is generally consistent with (a). I ran a different
estimation for each input. This is why both coefficients in (14) are input-specific.

Distribution of the productivities and of the input-output coefficients

There are two key variables involved in the expressions (13) and (14) that
are not directly observable from data: ¢, and ¢y I found estimators for
them in section (5). Figures 7 and 8 show the distributions of the estimators of
¢pi and @, respectively.

0 02 04

Figure 3. Histogram of estimators of input-output coefficients ¢,. It shows
the percentage of each interval.

The estimators of ¢, and ¢fi; shown in Figures 3 and 4 are both concen-
trated in low values. The distribution is in both cases highly skewed towards
the lowest intervals. There are also some firms and products with intermediate
values of firm-input-specific productivities and input-output coefficients, respec-
tively. Finally, there are a few firms and products with high firm-input-specific
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Figure 4. Histogram of firm-input-specific productivities ¢sy;. It shows the
percentage of each interval.

productivities and input-output coefficients. In summary, the contributions of
inputs to production and the firm-input-specific productivities of firms are both
small in most cases, and there are just a few cases in which inputs contribute to
a large extent to production or firms are very productive at using inputs. This
is qualitatively consistent with the finding from Del Gatto et al. (2006), who
found that productivity has an empirical distribution that can be characterized
as a theoretical Pareto distribution, as this latter is also skewed towards low
values, and exhibits very high values at its upper tail.

Results

I ran all the feasible product-specific and input-specific regressions of ex-
pressions (13) and (14), respectively. By feasible I mean that I ran all those
regressions for which I had a sufficient number of observations. This restriction
allowed me to run 824 product-specific regressions and 194 input-specific re-
gressions, as shown in Figure 5. As the estimators can be not compared across
products and inputs, they are not shown here. Instead, I present in Figure
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5 summary statistics that characterize in each case the distribution of the p-
values for the null hypothesis that the respective true parameter is positive.
More specifically, left column of Figure 5 shows the percentiles and other statis-
tics of the 824 p-values of the 824 test statistics for the null hypothesis that
01, p is positive for the 824 products for which I ran regressions for expression
(13). Analogously, right column of Figure 6 shows the percentiles and other
statistics of the 194 p-values of the 194 test statistics for the hypothesis that
01, k is positive for the 194 products for which I ran regressions for expression
(14).

Positive values of true parameters d,,p and 61, k would constitute evidence
in favor of (a) and (b). The main conclusion from Figure 5 is that this is mostly
the case. More specifically, left column shows that for more than 90 percent of
products the evidence does not allow a rejection of the hypothesis that the prob-
ability of addition is higher for the products that are intensive in the inputs for
whose use firms have higher productivities ((b) above). Similarly, right column
indicates that for more than 75 percent of inputs the evidence does not allow
a rejection of the hypothesis that the firm-input-specific productivities grow as
the respective inputs are used to a larger extent. In summary, the evidence is
mostly in favor of (a) and (b).

p-value for Ho: 6 ;>0 in p-value for Ho: 6,>0 in

expression (16) expression (17)

N 824 194
Mean 0.575 0.367
Standard deviation 0.531 0.329
Percentile 1 0.000 0.000
Percentile 5 0.007 0.001
Percentile 10 0.059 0.009
Percentile 25 0.206 0.054
Percentile 50 0.560 0.272
Percentile 75 0.834 0.636
Percentile 95 0.977 0.986
Percentile 99 0.998 1

Robust errors Yes Yes

L-

Figure 5. p-values of product-specific and input-specific estimators of slopes of
expressions (9) and (10)
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7 Conclusions

This paper uses a random sample of a comprehensive dataset of Colombian
manufacturing firms to analyze empirically the phenomenon of product addition
and its determinants at the firm level. Its main conclusion is that the analyzed
empirical evidence is mostly in favor of the most important predictions of the
theoretical model of product addition and persistent firm-input-specific produc-
tivities proposed in the second chapter of this thesis.

To start, the main regressions of this paper yield evidence in favor of the first
proposition of the model presented in the second chapter of this thesis. Namely,
I found that firms add on average more easily in the future new products that
are more similar to their current production in terms of the input mix, and
that this correlation is stronger in the firms with the highest levels of skilled
labour (proxied by the number of non-production workers). Very importantly, I
found stronger empirical support for the effect of skilled labour on the correla-
tion between similarity and product addition after correcting a possible omitted
variable bias caused by the exclusion of the potential cost. I also found evidence
that the correlation between current similarity and future product addition re-
mains over time. In other words, the current similarity in the use of inputs is
positively correlated with product addition in the future, even 5 years ahead for
the firms with the highest values of non-production workers.

I interpret these results as primary evidence in favor of the key role of the
interaction of firm-input-specific productivities and input-output coefficients as
in the model I proposed in the second chapter of this thesis. More specifically, in
that model, firms accumulate over time persistent productivities to use specific
inputs as they use these inputs in their productive processes, and this allows
them to add more easily in every year products that use those inputs intensively.

In order to establish if the findings explained so far can indeed be attributed
to the persistence of firm-input-specific productivities, I do two additional things
in this work. Firstly, I used a source of exogenous variation in the prices of in-
puts to analyze possible causal evidence in favor of the model proposed in the
second chapter of this thesis, which relies on these persistent firm-input-specific
productivities. Secondly, I used structurally estimated firm-input-specific pro-
ductivities and input-output coefficients to test empirically the validity of the
most important assumption of the model proposed in the second chapter of this
thesis, and also of its main mechanism.

For the analysis of causality I use a generalized unilateral reduction of tar-
iffs to the imports from the U.S. carried out by the Colombian government in
2011. This reduction was deepened in the subsequent years. The model pro-
posed in the second chapter of this thesis predicts that this general reduction
of the prices of inputs should have affected the product addition of different
potential new products by different firms to different extents, given the pre-
change firm-input-specific productivities and the input-output coefficients for
each firm-product combination. The granularity of this prediction allows me to
test for possible causal evidence in favor of the model proposed in the second
chapter of this thesis by running a regression for a firm-product-year dummy for
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product addition that incorporates a structural variable that accounts for the
firm-product-specific effect mentioned above. The estimator for this variable is
negative but it is not statistically significant in the specifications that correct for
possible endogeneity. I conclude from this that there does not exist conclusive
causal evidence in favor of the model proposed in the second chapter of this
thesis.

As for the direct testing of the main mechanism and the main assumption
of the model presented in the second chapter of this thesis, I use structurally
estimated parameters to run regressions whose coefficients capture such mech-
anism and assumption. The results are mostly in favor of the existence of these
latter.

In summary, I find in this paper primary evidence in favor of the explanation
provided by the second chapter of this thesis for the phenomenon of product
addition by firms. Such explanation states that firms add more easily products
that are intensive in the inputs for whose use they have higher firm-input-specific
productivities. As these productivities remain over time to some extent, they
lead firms to produce products that are similar across years in terms of their
input mixes. In order to establish additional and more solid evidence in favor
of this explanation, I carry out a causality analysis and a structural estimation
of key parameters of the model, which I subsequently use also to test directly
the empirical validity of the key mechanism behind such explanation, and of
the main mechanism of the model. This latter task yields evidence in favor of
the model presented in the second chapter of this thesis, whereas the causality
analysis does not yield conclusive results.

The results summarized here can be used to inform the process of design and
implementation of growth policies. This because these policies should aim at
boosting the process of product addition at the firm level, as this would result
in gains in terms of efficiency and growth. If the agencies in charge of promoting
growth decided to effectively boost the process of product addition at the firm
level, they would face the key and non-trivial question of how to do this. The
results found in this paper contribute to answering this question to some extent.

The main findings from this paper can be summarized as follows in terms
of the dimensions that matter for public policies and that may be affected by
these latter: (a) There is path dependence in the process of product addition by
firms, as they move more easily to more similar products in terms of the input
mix. (b) the capacities of firms to use different inputs determine both the paths
chosen by them to expand their product mixes and the speed at which they go
through these paths. (c) Having more skilled labour increases the speed at which
a firm goes through its path, whatever this latter is. (d) Paths are reinforcing;:
if a firm chooses a path of products that are intensive in an input, this decision
makes this firm even more prone to keep going through this path. (e) Given
(d), reaching paths that contain less similar products may take firms longer,
unless their capacities to use the inputs in which these products are intensive
increase because of a reason that is external to the firm (such as a public policy).

Given this context, there are two main courses of action that national and
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sub-national authorities in charge of designing and implementing growth poli-
cies can take. Firstly, they can implement policies that increase the speed at
which firms go through the paths they choose. Secondly, they can help firms to
reach new paths of diversification (through product addition).

In order to increase the speed at which firms go through the paths they
optimally choose, the authorities can do three things. Firstly, they can facil-
itate the hiring of the relevant skilled labour by firms. I found in this thesis
that having more skilled labour in general increases the speed at which firms go
through their optimal paths, but it remains a pending task for each authority to
establish what types of skilled labour are critical in each context. Once this is
done, the authorities can implement programs that subsidize the hiring of these
critical skilled workers conditional on them working on activities that are closely
related to product addition. Secondly, the authorities can implement policies
that help firms to maintain their existing capacities to use inputs to larger ex-
tents. This can be done by improving learning protocols and standardization,
facilitating the spreading of input-specific knowledge within and across firms
and mitigating the losses of knowledge caused by the turnover of production
workers. Thirdly, the authorities can focus their training programmes on iden-
tifying the input-specific capacities of each firm, and then on increasing these
capacities. Product innovation programmes can focus on activities that aim at
implementing new ways of using the inputs identified as critical for each firm.

On the other hand, authorities might be interested in helping firms to reach
new paths of diversification. This might be the case if the authorities identify
key new industries that they want the country to develop for different economic
or non-economic reasons, but that cannot be developed in the desired time hori-
zon with the current state of capacities of firms to use their inputs. In short,
authorities might be interested in helping firms to transit from their current
paths to other "better” paths (whatever "better” means in each context) in
an established time horizon. This thesis suggests possible courses of action to
get this. Authorities can implement policies to increase exogenously the input-
specific capacities of firms to use inputs that they do not use as frequently and
proficiently as others. This can be done by prioritizing the access of firms to
these inputs and their productive experimentation with them in the training
programmes and also in the knowledge and technology transfer programmes.
Partial subsidies to the use of the inputs identified as critical for the key new
industries can be also implemented. This policy should yield tangible results,
as I found that the costs of production are indeed correlated with product ad-
dition, as expected. This thesis does not imply that policies that aim directly
at promoting the development of new products (without focusing on the use of
the inputs that are critical for their production) are incorrect, but only that
focusing on increasing the firms’ capacities to use critical inputs can effectively
help firms to produce those new products.

Path dependence and the intuition that skills determine what paths are cho-
sen by countries and firms and how easily these go through their chosen paths
are not exclusive features of this work. Hausman and Hidalgo (2008), Feenstra
and Rose (2000) and several other authors arrived to very similar conclusions
and conjectures (please see the first chapter of this thesis for a more detailed
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discussion about this topic). However, this work offers more specific findings
by analyzing more granular phenomena, and this allows me to yield more spe-
cific recommendations. Namely, my findings about the existence of persistent
firm-input-specific productivities, their dependence on the actual use of the re-
spective inputs, the effect of skilled labour on their persistence and their effect
on product addition allows me suggest more specific courses of action, as I did in
the previous paragraphs. Future work might focus on analyzing more precisely
what types of skilled labour are critical in each context and what policies allow
firms to maintain and boost their firm-input-specific productivities to larger ex-
tents in each context.
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Abstract

This work presents new empirical evidence of possible firm-level and
firm-product-level determinants of the important phenomenon of product
addition at the firm level. I do this by using a stratified sample of a rich
panel of Colombian manufacturing firms from 1992 to 2017. Importantly,
this panel includes all the firms with 10 or more employees and/or sales
above 120k USD per year. I find that firms tend to add to their product
mixes products with similar input requirements (input mixes hereinafter)
as products already in their portfolios. In addition, I find in general that
this correlation between product addition and similarity in the input mix
is stronger on average in firms with more skilled labour (proxied here by
the number of non-production workers), especially after controlling for
a possible omitted variable bias. These findings are consistent with the
theoretical hypotheses presented in the second chapter of this thesis. In
addition, I find that the correlation between future product addition and
the current similarity in the input mix remains positive and significant
even 5 years ahead, but I do not find evidence that less similar products
are added each year as I move further into the future, as I hypothesized
in the second chapter of this thesis. In addition, I use product-specific
exogenous unilateral reductions of tariffs to imports from the U.S. imple-
mented in 2011 by the Colombian government to analyze possible causal
evidence in favor of the model presented in the second chapter of this the-
sis, which I cannot establish unambiguously. Finally, I explore possible
empirical evidence in favor of the most relevant mechanism of this model
and of its main assumption. Its main mechanism is that those products
that are intensive in the inputs in whose use a firm is proficient are more
profitable for this firm. Its main assumption is that the firm-input-specific
productivities of a firm (which measure its proficiency to use the different
inputs) grow over time as this firm uses the respective inputs to a larger
extent. The empirical evidence is mostly consistent this mechanism and
assumption.

1 Introduction

Product addition at the firm level is a key phenomenon for economies to achieve
economic efficiency and growth. As I explained in detail in the first chapter of



this thesis, this phenomenon has been found to be the main driver of the process
of product diversification at the firm level, which in turn is an important source
of reallocation of resources within firms towards their more efficient use, as it
allows firms to move their resources to more profitable activities (by switch-
ing products). Given this, product diversification contributes as much as the
phenomenon of firm entry and exit to the evolution of U.S. aggregate man-
ufacturing output. It is also an important determinant of variability in the
aggregate economic activity . In spite of this, the determinants of the process
of product addition at the firm level have not been sufficiently analyzed. This
paper contributes to closing this gap by presenting new facts about the possible
determinants of this process for the case of Colombian manufacturing firms.

By using a very rich dataset of Colombian manufacturing firms, this paper
does three things. Firstly, it explores the possible nonlinear relationship between
product addition at the firm level and several firm-level and firm-product-level
possible determinants. Namely, I explore the possible empirical validity of the
first theoretical proposition from the second chapter of this thesis that those
potential new products that require an input mix that is more similar to that
used in a year by a firm are more easily added by this latter in subsequent years.
Moreover, I also explore the possible empirical validity of the second theoretical
proposition in the second chapter of this thesis that this relation between prod-
uct addition and similarity is larger in firms with more skilled labour, and that
firms with more skilled labour add more easily potential new products to their
product mixes (all else constant).

Secondly, I explore the possible correlation between product-level costs of
production and the probability of product addition. For this, I use as instru-
ments the tariffs imposed by the Colombian government to the imports from
the U.S. during a generalized and unilateral reduction of these tariffs. As this
generalized reduction in tariffs is exogenous to the decisions of product addition
of the Colombian manufacturing firms and it is precisely costs of production
what cause the role of similarity as a determinant of product addition in the
theoretical model of the second chapter of this thesis 2, this exploration con-
stitutes an examination of possible causal evidence in favor of the theoretical
model presented in the second chapter of this thesis. For this analysis I use the
same dataset of Colombian manufacturing firms mentioned before.

Thirdly, I explore the possible empirical validity of the main mechanism of
the theoretical model from the second chapter of this thesis, and also of its main
assumption. Namely, I explore possible evidence that the interactions between
input-output coefficients and firm-input-specific productivities determine the
process of product addition by firms. In order to analyze the empirical validity
of this mechanism, I explore the possible correlation between the probability of
addition and the aforementioned interaction. For this analysis I use the same
dataset of Colombian manufacturing firms mentioned before. As for the main
assumption (which I named ”learning by using in the second chapter of this
thesis), I explore the possible correlation between the use of inputs by firms in

1Please see the first chapter of this thesis for a detailed explanation of the importance of
product diversification and for the references on which this explanation is based.
2Please see the third theoretical proposition in the second chapter of this thesis for details.



a given year and the corresponding firm-input-specific productivities one year
ahead.

As for the first task mentioned above, I find a positive and statistically sig-
nificant correlation between similarity in the use of inputs and product addition
one year ahead. I also find that such correlation is stronger in the firms with
the highest quantities of non-production workers (which I use as a proxy of
skilled labour). Very importantly, my results for the effect of non-production
workers on the correlation between similarity and product addition improve
when I include the potential cost of production as a regressor. This suggests
a possible omitted variable bias in the specifications that exclude this variable.
In addition, I find that the positive correlation between product addition and
similarity remains significant for longer time spans, although its size does not
decrease monotonically as I move further away in the future, as expected. In
summary, this paper presents evidence that is mostly consistent with the first
proposition in the second chapter of this thesis, and partially in favor of its
second proposition (especially when the potential cost of production is included
as a regressor).

As for the second task mentioned above (called here ”causality analysis”),
the results presented here do not conclusively establish or deny causal evidence
of the validity of the theoretical model presented in the second chapter of this
thesis. This because I explore several specifications with and without instru-
mented regressors, and the conclusions are heterogeneous (although I do find in
all cases a negative point estimator for the cost of production as a regressor for
the probability of addition as dependent variable, as expected). Finally, I find
empirical evidence that is mostly consistent with the possible existence of the
main mechanism of the model presented in the second chapter of this thesis, and
also evidence that is mostly consistent with the validity of its main assumption.

It is worth to mention that I perform in this paper a structural estimation
of the structural input-output coefficients and of the firm-input-specific produc-
tivities, which are then used to carry out the second and third tasks mentioned
above. Namely, I use them for the causality analysis and for the empirical ex-
amination of the main mechanism and the main assumption of the theoretical
model presented in the second chapter of this thesis. For this, I use the first-
order conditions of the product-specific conditional profits of a firm with respect
to the different inputs, which I derived in the second chapter of this thesis. A
log-linearization of these conditions yields a linear estimable expression in which
both the input-output coefficients and the firm-input-specific productivities are
identified.

This paper is closely related to the very recent and far from conclusive branch
of literature that analyzes empirically the possible determinants of the phe-
nomenon of product addition at the firm level. The papers that belong to this
branch share two key features with the work presented in this paper. Firstly,
their authors test the empirical validity of specific theoretical predictions from
theoretical models that are proposed by themselves, instead of performing ag-
nostic regressions in the search for possible significant correlations. Secondly,
their authors carry out a causality analysis or a complementary empirical anal-



ysis that attempts to establish empirical evidence in favor of their main mech-
anisms. Very importantly, the conclusions from these works are contradictory
to some extent, as I explain below. This highlights the importance of the work
presented here, as it brings new evidence into this nascent discussion and sheds
light about possible mechanisms that might lie behind some results from the
past.

Ding (2020) used U.S. data to test his prediction that it is similarity in the
use of knowledge inputs (and not in the general use of inputs) what matters
for product addition, and to test for the validity of the main mechanisms in-
volved in his model. In contrast, Boehm et al. (2019) used Indian data to test
for their prediction that the probability of product addition is higher for more
similar products in terms of the general use of inputs (and not just of the use of
knowledge inputs), and to test for the empirical validity of the main mechanisms
involved in their model. They also used the exogenous process of dereservation
in India to establish causal evidence in favor of their model.

My work is very similar to the one carried out by Boehm et al. (2019) both
in terms of the nature of the datasets and of the direction of the results, as
they also explored the possible existence of an empirical positive correlation
between similarity in the input mix and product addition, and they also found
evidence of this existence. However, the analyses presented here explore the
role of additional characteristics of firms in the process of product addition.
Namely, I explore both the empirical correlation between product addition and
skilled labour, and also the way in which skilled labour determines the size of
the correlation between similarity in the input mix and product addition. In
short, I find that the amount of skilled labour used by a firm determines the size
of the correlation found by Boehm et al. (2019) and by myself between product
addition and similarity in the input mix. This role of skilled labour might be
actually related to Ding’s results, as it might be indicative of the importance of
knowledge inputs (which are closely related to skilled labour). I do not explore
this possibility in this paper.

Given the aforementioned importance of the process of product addition at
the firm level for growth and efficiency, identifying its determinants is impor-
tant for growth policies. This because growth policies should ideally aim at
improving the state of firms in the dimensions that are identified as significant
determinants of product addition, as this latter phenomenon is in turn a source
of growth and efficiency. As this work identifies some of these determinants, its
conclusions may be used to inform the process of design and implementation of
growth policies. This is why I include a brief discussion of the main possible
policy implications of the findings of this paper in the last section.

This document has seven sections. The first of them is this introduction.
The second section presents a brief description of the theoretical model pro-
posed in the second chapter of this thesis and states its three propositions, as
I refer to this model and these propositions often throughout the rest of this
document. The third section describes in detail the dataset to be used in the
subsequent sections. The three subsequent sections present the results of the
first, second and third tasks described above, respectively. Namely, the fourth



section presents all the results of the regressions of product addition on simi-
larity in the input mix, skilled labour and the interactions between these two
latter. The fifth section presents the results of the causality analysis. The sixth
section presents the results of the analysis of the empirical validity of the main
mechanism and the main assumption of the theoretical model presented in the
second chapter of this thesis. Finally, the seventh section presents the conclu-
sions of this work and its main possible policy implications.

2 The theoretical model and its propositions

I propose in the second chapter of this thesis a static model of partial equilibrium
with dynamic implications. In this model all firms are potentially multiprod-
uct. Each firm maximizes its profits in a year ¢ by choosing its product mix,
its produced quantity of each produced product, the quantities of labor and
capital to be used in its production process and the quantities of all the inputs
to be used for the production of each produced product 2. Very importantly,
this use of inputs in ¢ determines the firm-input-specific productivities in ¢ + 1.
More specifically, there is a process of learning by using in which a firm f’s
firm-input-specific productivity to use a particular input & grows more between
t and ¢t + 1 the more k is used by f in ¢. This implies that there is persistence
in the firm-input-specific productivities in this model. These latter do not only
not disappear from one year to other, but they may grow as a consequence of
the inputs use.

Given this structure, this theoretical model yields naturally three key results.
Firstly, a firm f adds more easily in the future those potential new products
that require input mixes that are more similar to the input mix that f uses in
the present. This result comes from the fact that f finds it more profitable to
produce in ¢ those products that require intensively those inputs for whose use
f has a high productivity (let us call these group ” f’s preferred inputs”). In
turn, the production of these effectively produced products requires intensively
the use of f’s preferred inputs, as they are by definition intensive in these lat-
ter. This intensive use of f’s preferred inputs makes f even more productive at
using f’s preferred inputs in ¢t + 1 (by the process of learning by using), which
implies that f will choose once again in t 4+ 1 potential new products that are
intensive in f’s preferred inputs to be added to its product mix (given their
higher profitability for f).

As a consequence of the dynamics described above, there is a higher sim-
ilarity in the intensity in different inputs (input mix) between the products
produced in ¢t and the new products produced in ¢ + 1 than between the former
and the potential new products not produced in ¢t + 1. This because the new
products produced in ¢ + 1 are intensive in f’s preferred inputs (just as the
products produced by f in t), whereas the potential new products not produced

3Here the term ”inputs” does not make reference to capital or labour, but only to the other
physical inputs used in the production process that are directly transformed into outputs.
Please see the first chapter of this thesis for a detailed explanation of this differentiation and
of its relevance.



in t + 1 are not intensive in f’s preferred inputs (that is precisely why they are
not chosen to be produced). As f’s productivities to use its preferred inputs
keep on growing in time, this higher similarity for the produced potential new
products than for the not produced ones persists in all the subsequent years. In
short, firm-input-specific productivities determine the profitability to produce
different products. As these productivities remain in time, the products pro-
duced in different years are similar to each other in terms of their input mixes
(as they are all intensive in the same inputs).

This relationship between product addition and similarity changes over time
in the model presented in the second chapter of this thesis. If a product p’s
input mix is not sufficiently similar in ¢ to the input mix used by a firm f in
t as to be added to f’s product mix in ¢t + 1, it may be eventually added in
a subsequent year, all else constant. This because firm-input-specific produc-
tivities may grow mechanically over time in this model (although they grow to
different extents, depending on how intensively they are used). In other words,
all the products may eventually be added (sooner or later) by all firms to their
product mixes, all else constant. However, how soon a product p is added to a
firm f’s product mix depends positively on how similar is p’s input mix to the
input mix used by f in ¢. Namely, the less similar products are added later, as
I explain below.

The less similar products may be added later by a firm f to its product
mix because it may take longer to f to reach the firm-input-specific productiv-
ities that are needed to produce these products. This happens because of two
reasons. Firstly, f is not proficient in ¢ in the inputs that are intensively used
to produce p (if it were, it would use these more intensively and its input mix
would be more similar to p’s one in t). This implies that f does not use those
inputs intensively in ¢. This low intensity in the use of these inputs in ¢ makes
the increase from ¢ to t+1 in f’s productivity to use them less pronounced than
the increase expected for other inputs. Secondly, this latter fact makes the firm
once again less intensive in these inputs than in others in ¢ + 1, and so on. As
a consequence, less and less similar products are added to the product mix of a
firm every year.

All the pieces of intuition presented above are summarized in the first propo-
sition of the second chapter of this thesis, which states the following?:

Proposition 1 (main proposition): Firms are more likely to add in the
future potential new products whose input mixes are closer to the firms’ current
input mizes. The further one moves away from the present time into the future,
the less similar are the input mizes of the potential new products that are added
to firms’ product mizes.

As T explained above, I assume that the process of learning by using is more
pronounced in firms that use more skilled labour. Formally, the increase be-
tween t and ¢t + 1 in f’s productivity to use an input k that occurs when k is

4Please see the second chapter of this thesis for a formal proof of this proposition and of
the propositions 2 and 3 below, and for a formal definition of potential new products and of
similarity in the input mix



more used in t is higher if f uses more skilled labour in t°. As a consequence
of this, two results arise. Firstly, all the potential new products are more easily
added in all the years after ¢ by firms with more skilled labour. Intuitively,
these firms exhibit larger increases in all the firm-input-specific productivities
between all the pairs of contiguous years from ¢ on. Therefore, all the products
are more profitable for them in all the years.

Secondly (and more importantly), this advantage of the firms with more
skilled labour favors to a larger extent the products that require input mixes
that are more similar to the input mix used by those firms. In other words,
the advantage of the more similar products stated in the proposition 1 above is
more pronounced in firms with more skilled labour.

The important fact stated in the previous paragraph comes from the key
feature of the model proposed in the second chapter of this thesis that skilled
labour interacts multiplicatively with the use of each input in ¢ in the equa-
tion that characterizes the process of learning by using, which determines the
firm-input-specific productivities in ¢t + 1. This multiplicative nature of this in-
teraction implies that the skilled labour boosts the productivity of a firm f to
use a particular input k in the future to a larger extent if f is used to a larger
extent by f in t. As f’s preferred inputs are used to a larger extent by f in ¢,
these inputs are more favored (in terms of f’s productivities to use them) by the
skilled labour’s effect on the process of learning by using. This differential effect
in favor of these inputs increases to a larger extent the future profitability of
the potential new products that require them intensively. As I explained above,
these latter products are the ones effectively produced by the firm in the future,
and they have a higher similarity with f in terms of the input mix.

These two results from the model presented in the second chapter of this
thesis are summarized and materialized in the following proposition:

Proposition 2 (the role of skilled labour): Firms with more skilled
labour are more likely to add mew products in the future. The advantage of
the more similar products stated in Proposition 1 is greater in firms with more
skilled labour.

The theoretical model presented in the second chapter of this thesis also
predicts two things about the effects of a generalized reduction in the prices of
inputs in the present (year t). Firstly, there occurs a heterogeneous increase
in the profitability of addition of the different products by the different firms.
More specifically, this increase is higher for the firm-product combinations for
which the corresponding products intensively require for their production those
inputs whose prices fall more. Secondly, this compound differential effect is even
larger if the corresponding firms have high firm-input-specific productivities in
the inputs whose prices fall more.

The intuition for the second prediction above is as follows: assume that a

5Please see the second chapter of this thesis for an explanation of the soundness of this
assumption.



firm f is better at using (say) glass than (say) paper and the opposite is true
for another firm f2. Also assume that the price of glass falls more than that
of paper in t. Given its proficiency to use glass, f is able to take more advan-
tage of the pronounced reduction in the cost of glass in ¢ than f2, and f uses
glass to a larger extent in this year. As a consequence, f’s productivity to use
glass in subsequent years increases more than that of f2 from ¢ to t + 1 by the
process of learning by using. In turn, this increases f’s profitability to produce
glass-intensive products in all the subsequent years to a larger extent than for
other firms .

As for the intuition for the first prediction, it is as follows: if a product p is
intensive in the inputs whose prices fall more, its cost of production falls more
than that of the other products in ¢, and therefore the profitability of its pro-
duction in t increases more than that of other products. Given this, more firms
produce p in t than other products, all else constant. As a consequence, the
inputs that are used intensively to produce p (this is, the same whose prices fell
more) are demanded to a larger extent in ¢ than other inputs, all else constant.
This increases the productivities of firms to use those inputs in the future more
than the productivities to use other inputs, because of the process of learning
by using. In turn, this increases the profitability of producing p in all the sub-
sequent years to a larger extent than that of producing other products, all else
constant.

I summarized all these compound effects in the second chapter of this thesis
in the following proposition:

Proposition 3 (Effect of exogenous changes in the prices of in-
puts): A decline in the cost of an input k leads firms to add potential new
products that use this input intensively. This effect is greater for firms with a
higher firm-input-specific productivity to use k.

3 Description of the database

This work uses a very detailed and comprehensive database for the Colombian
manufacturing sector. It is often called EAM, which stands for its initials in
Spanish (”Encuesta Anual Manufacturera”). 1 will use these initials through-
out this document. The Administrative Department for Statistics of Colombia
-DANE- started gathering information about the manufacturing firms of Colom-
bia in 1950. Nowadays, it surveys each year every Colombian manufacturing
firm with more than 10 employees and/or sales above an amount in Colombian
pesos equivalent to 120k U.S. dollars in 2021, and also a representative sample
of the smaller manufacturing firms.

The EAM contains several very important modules of information that
played a key role in the process of constructing all the variables that were used

6Mathematically, this complementarity comes from the fact that the prices of inputs in-
teract multiplicatively with the firm-input-specific productivities and the input-output coeffi-
cients. Please see the second chapter of this thesis for a detailed explanation of this.



in the regressions that I present in the subsequent sections of this paper. One of
them is a module of products. It includes detailed information of every product
sold by each manufacturing firm in each year. This information includes the
unitary price of each product produced by each firm in each year, and also the
quantity sold of each of them. It also includes both of these variables (unitary
price and sold quantity) for exports. In addition, the EAM contains a module
of inputs’, which contains the purchased quantity and the unitary price of ev-
ery input used by each firm in each year. This module also contains imported
quantity and unitary price of imports for every imported input by each firm in
each year.

The EAM contains also several firm-level modules. One of them includes
detailed information of the employed workers. This module includes the sepa-
rate number of workers by the type of work they perform. In some years this
disaggregation was more detailed than in others. Namely, for some years it is
possible to know separately the number of people in sales force, the number
of managers, the number of administrative staff, the number of professional
staff working in plant production and the number of plant operators. Unfor-
tunately, the information of workers is less disaggregated for other years. As
a consequence, I had to include all the workers in only two categories in every
year, with the purpose of having consistency across years: production workers
(which includes plant operators and professional staff working in plant produc-
tion) and non-production workers (which includes managers, administrative and
sales staff, and very importantly for this work, research and development staff,
if these activities are performed by the firm). The EAM includes the total wages
paid to workers in each of these categories.

The EAM includes some cost modules that contain relevant information that
is not being used for this paper, but many researchers could be interested in
using in the future. Namely, these costs modules include information of costs of
energy and water, telecommunication services, taxes, interests and rent, among
many other variables. In some years it includes complete modules about energy
use, which intend to characterize the evolution of main energy sources of firms.

Very importantly for this research, the EAM includes several variables that
allowed me to identify each firm and its production in many senses. To start,
each firm and plant is uniquely identified with a numerical code that remains
the same every year, as long as the firm is surveyed (which depends on the sales
and number of employees, as explained before). This allowed me to trace each
firm in time.

I used information of the EAM from 1992 to 2017, as information of years
before 1992 has several problems and its organization and cleaning would have
delayed this research substantially. As for the final year, 2017 was the last avail-
able year in the database when the bulk of this research was carried out. All
the products and inputs are uniquely identified by a code of the International

"Please see the second chapter of this thesis for a detailed definition of ”inputs”. In short,
this term makes reference to all the physical materials used in the productive process that are
directly transformed into products. As capital and labour are not directly transformed into
products, these are not included in this category of ”inputs” in this thesis.



Standard Industrial Classification (ISIC) revision 2 adapted for Colombia from
1992 to 2000, by a code of the Central Product Classification (CPC) version 1.0
from 2001 to 2012, and by a code of the CPC version 2.0 from 2013 to 2017. In
all cases, the EAM uses the most disaggregated levels available of each classifi-
cation (8 digits for the ISIC rev. 2 and 9 digits for the CPC).

The fact that the EAM uses always the most disaggragated available codes
to identify products and materials is very convenient for this research, as it
ensures that a code truly identifies a specific product or material to the largest
possible extent. However, this also prevented me from performing analysis that
required tracing products or inputs across years with different classifications, as
there do not exist concordance tables for these levels of disaggregation, but for
much more aggregated categories of products. I could have used such levels of
aggregation to gain traceability, but I would have lost specificity in the definition
of products, which I valued more. As a consequence, I can only trace products
within the periods 1992-2000, 2001-2012 and 2013-2017, which fortunately are
not extremely short.

The modules of products and inputs are crucial for this work. Unfortunately,
they are not publicly, as their free use could violate some Colombian laws that
protect the privacy of information for some firms that might be identified even
though firms and plants are anonymised. A good example is Reficar, the largest
oil refinery of Colombia 8. Reficar is located in the city of Cartagena. It pro-
duces a high share of the total amount of gasoline and diesel used in the country.
Even though it is impossible to identify Reficar by its legal ID (as this latter is
different from the identifier that was assigned to it in an anonymization process
carried out by DANE), it is possible just to search for manufacturing plants in
Cartagena in the business of refining, and there will be just one plant with sales
as high as to correspond to Reficar. This would allow anyone to see sensible
information such as unitary prices by product.

Because of the reasons explained in the last paragraph, the modules of prod-
ucts and inputs can only be accessed from an office located at DANE’s main
building. Unfortunately, it is not possible to guarantee that regressions that are
left running by external researchers run in nighttime and for several days, as
interruptions use to happen in the main system. For this reason, I had to use
a random sample of firms, as using all firms with all their modules of products
and inputs in all years would have implied processing times that exceed by far
the time I was allowed to stay in their office. The pandemic of Covid-19 exacer-
bated this problem, as DANE’s main building was closed for almost a year, and
then reopened gradually at a very slow pace, with times as restrictive as only 8
hours per week for several months.

The total number of firms included in the EAM has been approximately
8.000 per year in the last two decades. As I am using data from 1992 to 2017,
this means that my full firm-year-level database has in total approximately
208.000 observations (8.000 firms per year multiplied by 26 years). As each
firm produces on average 3.5 products in a year and uses on average 25 mate-

81t has the capacity to refine 150.000 barrels of crude oil per day.
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rials in a year, my firm-year-product-level database has in total approximately
728.000 observations, and my firm-year-material-level database has in total ap-
proximately 5.2 million observations.

The numbers shown at the end of the previous paragraph reveal the mag-
nitude of the problem. As I will explain in the next section, I had to calculate
for this work similarities between each firm and all its potential new products
in each year ? in terms of the use of inputs (or input mix), as such similarity is
used as explanatory variable in all the regressions presented in the subsequent
sections. This required the calculation of many dot products of two vectors of
use of inputs for each product-firm combination for each year. This means that
several procedures would have to have been applied to the 5.2 million observa-
tions if I had used my full database. I tried this, and unfortunately it exceeded
the capacity of the computers available at DANE’s office.

In order to bypass this problem, I took a stratified random sample of 2 per-
cent of all the available firms in my full dataset, this is, 160 firms. Strata are
defined by an interaction of two dimensions: quartiles of sales of firms in their
initial year and number of produced products by firms in their initial year. This
procedure guarantees that the sample includes firms that had different sizes in
sales and different product scopes when they were born (or started complying
with the sales and/or employment requirements to be included in the EAM). I
selected these two variables because it is reasonable to expect that they have
more influence on the process of product addition than the rest of firm-level
variables for which I have information. More specifically, it is reasonable to ex-
pect that larger firms add more products to their product mixes, and also that
firms that produced more products in their initial year add more products to
their product mixes. Even though I do not analyze in depth the relationship of
these variables with product addition, the possibility that this correlation exists
explains their use as stratification variables.

The fact that each firm’s probability of inclusion depends on the two afore-
mentioned variables at their initial year and not on their averages across years
prevents me from selecting a sample in which firms that started being small and
grew both in sales and in product scope were over-represented. The number
of firms selected from each strata is proportional to the share that each strata
represents of the total number of firms. This ensures that all the strata are
represented in the sample to an extent that is proportional to their importance
in the total database of firms.

The initial sales and the initial number of products are correlated 1°, which
is not surprising, given that they were both chosen as stratification variables
because of their possible relationship with product addition. This correlation
reinforces the convenience of using them both as stratification variables, as this
"bivariate” stratification guarantees that the firms within each quartile of sales

9Please see the second chapter of this thesis for a formal definition of potential new prod-
ucts. In short, this firm-year-specific set includes all the products that are feasible for the
corresponding firm in the corresponding year, but are not produced by it in such year

10The correlation between the number of products in the initial year and the sales in that
year is nearly 0.55.
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are selected in such a way that the firms with different numbers of produts are
represented proportionally to their importance in the respective quartile of sales.

This sampling procedure yields a firm-year-level dataset with approximately
7.000 observations, a firm-year-product-level dataset with approximately 14.000
observations and a firm-year-material-level dataset with approximately 100.000
observations.

In addition to information of Colombian manufacturing firms, this paper uses
information of the tariffs imposed by Colombia to the imports of all products
during the period 1992-2017. Namely, I use for each product in each year the
average across all origin countries of the tariffs imposed to imports. This data
was obtained from the World Bank’s World Integrated Trade Solution (WITS).
WITS includes several product classifications. I decided to use here information
of products as defined by the Harmonized System (HS), as it is for this classifica-
tion that I found the best possible table of concordances with the classifications
of products provided by the Colombian office of statistics (International Stan-
dard Industrial Classification (ISIC) revision 2 adapted for Colombia, Central
Product Classification (CPC) version 1.0 CPC version 2.0). As I will explain
in detail in section 5, this data on tariffs is used to construct instrumental vari-
ables that are used in turn to analyze the possible existence of causal evidence
in favor of the model proposed in the second chapter of this thesis.

4 Product addition, similarity in the input mix
and skilled labour

This section explores possible empirical evidence in favor of the propositions 1
and 2 of section 2. I do this by estimating the parameters of econometric em-
pirical models. I start by presenting the formal expression of the econometric
model to be estimated. I then explain in detail how I calculated the dependent
variable and the main regressor of this model. After this, I present and analyze
key summary statistics of all these variables. Subsequently, I present the results
of estimating the econometric model mentioned above under different specifica-
tions and for different spans (from s = 1 to s = 5). Finally, I present the results
under a different way of defining the set of firms to be used in the regressions
as an important robustness check.

Econometric model and expected results

Propositions 1 and 2 of section 2 predict that a specific product is more
likely to be added by a firm in the future if it is more similar in terms of the
input mix in the present time, and that this relationship between addition and
similarity is stronger if such firm uses more skilled labour. However, a thorough
analysis of the chapter 2 of this thesis reveals that the predicted relationship
between product addition and similarity does not necessarily grow linearly as
the amount of skilled labour increases 1.

1A detailed analysis of the second chapter of this thesis reveals that the extent to which
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Given this, I use as regressors interactions of similarity with four dummies
that are equal to one for firm-year observations that belong to quartiles one,
two, three and four of the overall distribution of skilled labour (proxied here
by the number of non-production workers!'?), respectively. In this way, I do
not assume any functional form for the extent to which more skilled labour
increases the size of the relationship between product addition and similarity,
while still being able to analyze if this expected increase as a consequence of
more skilled labour does occur. The parameter for each of these interactions
measures how greater is the average relationship between product addition and
similarity for the firms within the respective quartile of non-production workers
than this relationship for the quartile whose interaction is excluded (in order
to avoid perfect collinearity). As for the quartile whose interaction is excluded
(which is always the lowest one), the relationship between product addition and
similarity for the firms within it is given by the parameter for the similarity
itself (which is also included in the model).

Quartiles of non-production workers themselves are also included as regres-
sors because the proposition 2 of section 2 also predicts that the firms with more
skilled labour add new products more easily, all else constant. In addition, this
inclusion allows me to prevent the parameters for the interactions with similar-
ity from capturing the separate effect of skilled labour (proxied by the number
of non-production workers) on product addition, instead of its effect on the size
of the relationship between product addition and similarity.

Formally, I estimate the parameters of the following linear model in order
to analyze the empirical validity of the propositions 1 and 2 of section 2:

4 4
Dypits = CH‘Z FZqut+5sSfpt+Z Bgsfpt*qut+1/)t+¢f+7'p+€fp,t+s (1)
q=2 q=2

Dyp ¢+s represents here a dummy variable that equals one if a feasible prod-
uct p that is not produced by the firm f in ¢ is produced by f in t + s, and zero
if it is not produced in ¢ + s. Sy, represents the similarity in ¢ of the input
mix needed to produce p with the input mix used by f. On the other hand,
Dy represents a dummy that equals one if the value of non-production workers
employed by f in ¢ (which is used here as a proxy for skilled labour) belongs to
the quartile ¢ of the total distribution of all observed values of non-production
workers across all firms and years. ¢, ¢ and 7, represent year, firm and prod-
uct fixed effects, respectively. The four parameters 37, the four parameters I'j
and ¢° have a superscript s because they are specific for each time span. The
summations across quartiles are from the second to the fourth quartile because
the first quartile is excluded in both cases in order to prevent perfect collinearity.

the relationship between product addition and similarity grows as a firm uses more skilled
labour is not characterized by a explicit function

12Please see the first chapter of this thesis for a complete discussion about the soundness
of using this variable as a proxy of skilled labour
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Given the proposition 1 stated in section 2, I expect §° to be positive for ev-
ery s > 1 and 6° + 37 to be also positive for every ¢ = 2...4 and for every s > 1.
In words, I expect that firms in all the quartiles of skilled labour are always
more likely to add more similar products. Formally, this means that I expect
the derivative of the expected value of Dy, ;s with respect to the similarity to
be positive for every quartile of skilled labour.

Given that the proposition 2 in section 2 states that the advantage of the
more similar products is greater in firms with more skilled labour, I expect
0 < B5 < B3 <B5. In words, I expect that increases in similarity are associated
with higher increases in the probability of addition as I move to higher quartiles
of skilled labour. As the proposition 1 in section 2 also states that less similar
products (in terms of the input mix) are added as s increases, I expect the sum
0% + B, to fall as s increases for every ¢ = 2...4, and I also expect ¢* to fall as s
increases.

The proposition 2 in section 2 also states that firms with more skilled labour
are on average more likely to add new products. Given this, I expect the sum
Ly, +(6° + ﬁS)E[Sfpt] to increase as q increases, for ¢ = 2...4, and I also expect
Ty + (6° + B3)E[Sfpt] > 6°E[Syp]. In words, the latter condition guarantees
that the expected value of D¢y 44 for the second quartile of skilled labour is
greater than this expected value for the first quartile of skilled labour, for given
a span s. The former condition implies that the same is true when the third
quartile is compared to the second and first quartiles, and when the fourth
quartile is compared to the third, second and first quartiles. As I show below in
Table 1, the empirical estimator for E[Sf,] (this is, the sample mean of Sy,)
is 0.48. Therefore, I expect I'; + 0.48(6° + ﬁ;) to increase as ¢ increases and
Ty + 0.48(8° + 35) > 0.485%, for ¢ = 2...4 and for every s > 1.

Finally, the error term €fp 1, is assumed to be normally distributed with
mean zero for every s > 1. These errors are clustered by firm. In other words,
they are assumed to be independent across firms, but are allowed to be cor-
related with each other across time and products within each firm, and none
theoretical structure is imposed for such correlation. Instead, such structure is
directly estimated from the data.

Definition and construction of variables

The set of feasible products for a firm f (which is needed to establish the
domain of the variable Dy, ;1 in each case) is defined in a completely empirical
way. Namely, it includes all the products that were ever produced by any firm
simultaneously with any of the products produced by f in any year.

The variable Sy, represents the similarity in terms of the use of materials
between the firm f and the product p in ¢. It is calculated as a dot product of
2 vectors of expenditure shares on all the available inputs. One of them (z ;)
contains the observed shares for a firm f in ¢. The other (z,;) contains the av-
erage of shares across all the firms in the sample that produce a product p in t.
This dot product yields a number between zero and one, as it is normalized by
dividing its value by the product of the total variability of both vectors. A value
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of one would indicate that the input mix needed to produce p in ¢ is identical
to the input mix used by f in ¢. In contrast, a value of zero would indicate that
they are completely different. Formally, I calculate S¢,; by using the following
formula, as in Boehm et al. (2019):

K
t Zkzl L fktTpkt (2)

Sty =
! [(Zszl I?“kt) (ZkK:I m%kt” v

Summary statistics

The table 1 below shows different summary statistics of the variables that
are used in this section to estimate the model described in (1) for different time
spans. Some variables are observed at the firm-product-year level, whereas oth-
ers are observed just at the firm-year level. In all the cases I used the sample
described in detail in section 3.

The variables named D(future production) are dummy variables that equal
one if a feasible product is produced and zero otherwise 2. They can indicate in
a year t the production of a given product in the current year or k years ahead,
for k = 2...5.

For each time span I present the summary statistics for D(future production)
in two different cases. In the first case (”All products”) the summary statistics
are calculated by using the future production dummies of all the products in
the whole feasible set of the corresponding firm. Formally, the means estimate
in this case the unconditional probabilities of future production. In the second
case (”Products not being produced in t”) the summary statistics are calculated
by using just the future production dummies of those products that belong to
the firm’s feasible set and are not produced by the firm in t. Formally, the means
estimate in this case the conditional probabilities of future production.

The first pane (textit ”All firms”) shows the summary statistics when all
the sampled firms are included. The other four panes show the statistics when
only the firms that belong to the ¢ — th quartile of non-production workers are
included, for ¢ = 1...4. This disaggregation across quartiles of non-production
workers matters because this variable is used here as a proxy of skilled labour,
and the propositions presented in section 3 state that the amount of skilled
labour used by a firm determines to some extent its capacity to add new prod-
ucts to its product mix in the future.

The fact that the median is zero for all the cases indicates that most fea-
sible products are not added by the firms to their product mixes, neither in
the present time nor in the future (up to 5 years ahead). As expected, the

13 As explained above, the set of feasible products of a firm f includes all the products that
were ever produced by any firm simultaneously with any of the products produced by f in
any year.
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conditional probabilities are much lower than the unconditional ones. The con-
ditional probabilities truly quantify the probabilities of addition of potential
new products in the future, as they correspond only to products that are not
produced in ¢t. On average, between 3% and 7% of the potential new products
are added in the future, depending on the time span and the amount of non-
production workers. Very importantly, the probability of addition is higher for
the highest quartile than for all the other quartiles for all the time spans, and
the probability of addition is higher for the second quartile than for the first
quartile for all the time spans.

The row below the quartiles (”Similarity with the firm in the input mix in
t”) shows that the feasible products that are effectively produced by a firm in ¢
are on average more similar to each other than to those feasible products that
are not produced by this firm in ¢. In other words, the average similarity of
the produced products with the rest of produced products is higher than the
average similarity of the non-produced products with the produced products.
This is consistent with the propositions presented in Section 2.

As for the statistics for the firm-level variables, it is to note that firms use on
average approximately two production workers per each non-production worker.
It is also to note that the probability that a firm that exists in ¢ drops at least
one product from its product mix in ¢+ k does not change much across different
values of k (for k = 2...5).

Results

In order to obtain consistent estimators for the parameters in equation (1),
I run a regression with ordinary least squares with information from the EAM
(see chapter 3 for details of this database). Namely, I use the module of the
EAM that includes information of prices and quantities of all the inputs used by
all the firms in every year to calculate S, for all the products in the feasible
set of every firm in the sample. I use the module of the EAM that includes
information of prices and quantities of all the products sold by all firms in every
year to define the feasible set of each firm and to construct the dummy variables
D¢pt+s. The number of non-production workers was directly taken from the
EAM and used in the regression.

I start by presenting and interpreting the results of estimating the model (1)
for s = 1, and then I move to longer spans. This because it is convenient to
analyze initially the short-term relationship between product addition and the
interaction of similarity with non-production workers, and then analyze sepa-
rately such relation in longer terms. This distinction is relevant in the empirical
work presented here because all the regressors (similarity, dummies for quartiles
of non-production workers and their interactions) are all defined in the present
time ¢, and their relationships with future product addition might be easier to
identify in the short term than in the long term, when other excluded dynamic
factors might affect the pattern of product addition to a larger extent than in
the short term. I present also the results of regressions in which only the quar-
tiles of non-production workers and the similarity are included separately as
regressors.
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All products Products not being produced in t
Mean | Median |Standard deviation| N Mean | Median | Standard deviation N
t+1 0.21 0 0.41 41,292 0.05 0 0.26 31,543
" +2 0.17 0 0.37 41,292 0.05 0 0.28 31543
& +3 0.13 0 0.34 41,292 0.05 0 028 31,543
2 t+4 0.10 0 0.30 41,292 0.05 0 0.27 31,543
+5 0.07 0 0.26 41,292 0.04 0 0.24 31,543
3 t+1 0.21 0 0.40 7.985 0.05 0 0.27 5,986
28, | 0.14 0 0.35 7.985 0.05 0 0.27 5,986
g2 5
& E | 0.10 0 031 7.985 0.04 0 0.26 5,986
8 E
2 +4 0.07 0 0.26 7,985 0.03 0 0.2 5,986
ié +5 0.05 0 0.21 7.985 0.03 0 0.21 5,986
g | § E t+1 0.19 0 0.39 10,307 0.04 0 0.24 8,021
3% P 5 3 3 5
w2 | t+2 0.15 0 0.36 10,307 0.05 0 0.26 8,021
P13 £5%
- | & 53 F |3 0.11 0 0.32 10,307 0.05 0 0.28 8,021
3| & 8 &5
- 2 2 t+4 0.08 0 0.27 10,307 0.05 0 028 8,021
e g
3 |a i@ t+5 0.05 0 0.23 10,307 0.04 0 0.26 8,021
a = " N
ha 3 +1 021 0 0.41 10,627 0.04 0 025 8,150
38, |2 0.17 0 0.37 10,627 0.05 0 0.2 8,150
EE
e3E |3 0.13 0 0.34 10,627 0.05 0 0.26 8,150
g8 5
o t+4 0.09 0 0.29 10,627 0.03 0 023 8,150
ié +5 0.06 0 0.24 10,627 0.03 0 0.21 8,150
:‘f t+1 0.22 0 0.41 12373 0.05 0 0.27 9,386
é; g, |2 0.19 0 040 12373 0.06 0 0.30 9,386
R
ENE S 0.17 0 0.37 12373 0.07 0 0.31 9,386
8 ™
o t+4 0.14 0 0.34 12373 0.07 0 0.32 9,386
i.g t+5 0.11 0 0.31 12373 0.05 0 0.27 9,386
Similarity with the firm i
ity with the fiemn |-, o 0.61 033 32704 048 047 032 24278
the input mix in t
D (current production) 0.24 0 0.42 41,292
Non-production workers | 19.57 6 5024 10,866
8 Log of sales (COP of 2005)|  17.06 1672 1.89 10,366
-}
]
§ Production workers 38.06 12 9179 10,366
”% Dropped in t+2 0.19 0 0.39 7.199
g Dropped in t+3 0.20 0 040 6.625
[}
Dropped in t+4 0.19 0 0.39 6.042
Dropped in t+5 0.18 0 0.39 5,746

Table 1. Summary statistics of relevant firm-product-level and firm-level
variables.

Table 1 presents the results of estimating the model (1) for s = 1 by ordinary
least squares as described before. The third column shows the results when all
the regressors in the equation (1) are included. The most important finding is
that &1 —|—ﬁ; is positive as expected for ¢ = 2 and ¢ = 4. Moreover, the estimator
for the parameter 8, (that is, for the highest quartile of non-production work-
ers) is larger than the estimators for 53 and B3. This means that the correlation
between similarity and product addition is unambiguously larger for the firms
in the highest quartile non-production workers than for the firms in all the other
quartiles. The fact that the estimator for S, is positive and statistically signifi-
cant means that the firms in the second quartile of non-production workers have
a higher correlation between product addition and similarity than the firms in
the first quartile of this variable.

The only fact in Table 2 that contradicts the proposition 1 of section 1 so
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far is that the correlation between product addition and similarity is not larger
for firms in the third quartile than for those in the second quartile. I ran an
alternative specification of the model (1) for s = 1 in which I included the log-
arithm of sales as a regressor, in order to avoid a possible omitted variable bias
(as the number of non-production workers of a firm is positively correlated with
its size, proxied here by its sales). However, the main conclusions summarized
so far remain in this case.

Very importantly, the consistency of my empirical results with the theoret-
ical prediction that 0 < 35 < 35 < 3j increases when I include the potential
cost of production as a regressor. I will show this result in the section 5 of this
paper. The inclusion of this variable might seem redundant with the inclusion
of similarity, as it is possible that more similar products are added more eas-
ily precisely because they are cheaper (and therefore more profitable) for firms.
Suppose that a firm f is very good at using glass in ¢. This makes its cost of
producing windows (w) in ¢t + 1 low. As a consequence, f adds w to its product
mix in t + 1. f is also likely to produce glass-intensive products in ¢. In this
example, the similarity between w and f’s production in ¢ in terms of the input
mix is high, as both mixes are intensive in glass. In addition, the potential cost
of w is low in ¢ + 1. Both facts (the high similarity of w and its low potential
cost) come from the fact that f is good at using glass. Given this, the inclusion
of both variables in a regression might be redundant.

However, it is possible that the empirical similarity depends also on other
variables different from the drivers of the potential cost. Firms might be forced
to use in reality inputs in certain combinations because of physical restrictions
in the availability of certain inputs. There may be also technical innovations
that lead firms to use temporarily or permanently certain inputs for whose use
they do not necessarily have high firm-input-specific productivities. If this were
the case, two implications would arise. Firstly, including both the potential
cost and the similarity in a regression would not be completely redundant, as
they reflect similar but different drivers. Secondly, the similarity might be less
correlated than the potential cost with product addition. This because the sim-
ilarity might indicate just (i) the input mix that a firm has to use to produce a
product, whereas the potential cost would measure (ii) its intrinsic capacity to
produce it cheaply. It is reasonable to expect that (ii) is more correlated with
product addition than (i), as long as product addition is more determined by
firms’ perception of their capacities than by their actual use of inputs.

Given these reasons, I will explore in the section 5 of this paper what hap-
pens when both the similarity and the potential cost of production are included.
The main conclusion will be that in this case there is stronger evidence that
0 < pB5 < B3 < B, as expected. I interpret this as suggestive evidence of a
possible omitted variable bias in the specification (1). Please see the section 5
for a detailed discussion of these results.

As expected, the sum I'y + 0.48(5° + ;) is greater for the fourth quartile
than for all the lower quartiles, and I'y + 0.48(8' + 1) > 0.486'. However, the
same cannot be concluded for the third quartile when compared to the first and
second ones. Therefore, the evidence about the hypothesis that firms with more
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non-production workers are more likely to add new products is not conclusive
for s =1.

D{future production) D(future production) D{future production)
D{quartile 2 of non-production workers) 0.0020 -0.0074
(0.0066) (-0.0238)
(0.0026) (0.0062)
D(quartile 3 of non-production workers) 0.0034 -0.0005
(0.0114) (-0.0016)
(0.0036) (0.0011)
D{quartile 4 of non-production workers) 0.011§=== 0.0017
(0.0418) (0.0060)
(0.0041) (0.0021)
Sumlanty 0.0269%== 0.0102
(0.0650) (0.0247)
(0.0044) (0.0093)
Similarity*D{quartile 2 of non-production workers) 0.0205==
(0.0414)
(0.0100)
Sumulanty*D(quartile 3 of non-production workers) 0.0140
(0.0278)
(0.0128)
Similarity*D(quartile 4 of non-production workers) 0.0266==*
(0.0526)
(0.0094)
Constant 0.0240
()
(0.0179)
Observations 24228 31,543 24228
R-squared 0.2028 0.1674 0.2035

Table 2. Results of regression of product addition as a function of similarity in
the input mix interacted with dummies for quartiles of non-production
workers. Beta coefficients in parentheses one line below the estimators.

Estimated standard errors two lines below the estimators.

The numbers below the estimators in Table 1 are the beta coefficients that
correspond to each one of them. The beta coefficient for a specific regressor is
calculated from its estimator and the standard deviations of both that regressor
and the dependent variable. Formally, a beta coefficient for a variable x mea-
sures how many standard deviations the dependent variable grows or falls on
average when the corresponding regressor grows one standard deviation. This
allows an easier economic interpretation of the size of the correlations between
the regressors and the dependent variable. The numbers two lines below the
estimators are the estimated standard errors. I report beta coefficients and
standard errors in this same order in the tables 3 and 4 below. 4.

Summarizing, I have found so far mixed evidence of the possible validity of
propositions 1 and 2 of chapter 2. More specifically, the evidence is in favor
of these propositions when the firms with the highest values of skilled labour
are compared to the rest of firms. Firstly, the firms with the highest values
of skilled labour (proxied by the number of non-production workers) exhibit

141n the table 5 I report just the p-values because in that case the size of the correlations
is not relevant, whereas it will be more important to analyze if the null hypothesis of non-
significance of the instrumented variables used to test for causality can or cannot be rejected.
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a higher correlation between similarity and product addition than the rest of
firms. Similarly, firms in the second quartile of non-production workers exhibit
a higher correlation between these two variables than the one observed for the
firms in the first quartile. Finally, the expected value of the dummy for product
addition one year ahead Dy, ¢4 is on average higher for the firms in the fourth
quartile of the number of non-production workers than for the rest of the firms,
as expected.

Let us suppose that there exists a firm f1 with a level of skilled labour
(non-production workers) that belongs to the second quartile of this variable
in t. According to Table 1, an increase in t of one standard deviation of the
similarity between a product p and f1 in terms of the input mix makes f1
4.1% more likely to add p than a firm in the bottom quartile of skilled labour
(non-production workers). In contrast, if other firm f2’s skilled labour (number
of non-production workers) belongs to the fourth quartile of this variable in ¢,
an increase in t of one standard deviation of the similarity between a product
p and f2 in terms of the input mix makes f2 5.3% more likely to add p than
a firm in the bottom quartile of skilled labour (non-production workers). On
the other hand, the average probability of addition for f1 of a product with a
similarity of (say) 0.4 is 0.024 4 0.0102 % 0.4 + 0.0205 % 0.4 = 3.6%. In contrast,
the average probability of addition for f2 of a product with a similarity of (say)
0.4 is 0.024 4 0.0102 % 0.4 + 0.0266 * 0.4 = 3.9%.

Given that the results found for s = 1 are partially in favor of the propo-
sitions 1 and 2 of section 2, it is reasonable to expect the same for s > 1. In
order to analyze the possible empirical validity of these propositions for s > 1,
I ran four regressions with ordinary least squares that correspond to the model
(1) for s = 2...5. Table 3 shows the results.

A first fact that stands out from Table 3 is that the number of observations
falls as the time span becomes longer in most of cases. This happens because
of two factors. Firstly, some firms in my sample disappear as the time passes,
so the number of firms that remain in the sample for s years falls as s increases
(that is, as the span of analysis becomes longer). Secondly, the number of years
included in the regressions falls as s becomes larger, as in any regression that
includes the lead of at least one variable. Namely, one year is lost every time s
increases one unit (year). As the total number of observations in the regression
for a specific s equals the total number of years minus s multiplied by the num-
ber of firms that survive s years after each year in the sample multiplied by the
number of products in the feasible set of each firm (which does not change over
time for a firm), the observed decreases in the total number of observations is
exclusively attributable to the two factors mentioned above.

Another fact that must be mentioned about the regressions in Table 3 is
that the fitting power of the models is larger for longer spans than for s = 1.
The coefficient of determination (R2) is greater than 30 percent in three of the
four cases, well above the R2 of 20% for s = 1. This might be due to several
factors. Firstly, the inclusion of the variable ”Dropped product(s) in t+s” might
be increasing the proportion of total variability in product addition predicted
by the model. This variable will be explained in detail later in this section. On

20



the other hand, R2 might also be higher because the firms included in the re-
gressions exhibit less variability in their patterns of product addition as s grows
from 1 to higher numbers.
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Difutnre production in -~ D{future production in - D{futuce production in

Djfuture production in

t+2) t+3) t+4) t+3)
Diqguartile 2 of non-production workess) 0.0074 0.0195% 0.0245% 0.0298%=
(0.0224) (0.0390) (0.0781) (0.1022)
(0.0069) (0.0068) (0.0073) (0.0101)
Diquartile 3 of non-production workers) 0.0041 Q0111 0.0106 00133
(0.0128) (0.0344) (0.0353) (0.0477)
(0.0076) (0.0073) (0.0077) (0.0094)
Diquartile 4 of nen-production workers) 00076 0.0151% 0.0176% 0.0141
(0.0256) 0.0316) {0.0640) (0.0333)
(0.0080) (0.0091) (0.0092) (0.0104)
Similasity 00175 003295 0301 0.0226%
(0.0393) (0.0744) (0.0720) (0.0383)
(0.0102) (0.0108) (0.0108) (0.0154)
Similasity*D {quartile 2 of non-production workers) 0.0086 -0.0242%* -0.0258% -0.0244*
(0.0158) (-0.0461) (-0.0504) (-0.0309)
(0.0111) (0.0118) (0.0113) (0.0136)
Similarity*D{quartile 3 of non-production workers) 0.0043 00259+ 00182 00143
(0.0082) (-0.0467) (-0.0350) (-0.0297)
(0.0150) (0.0128) (0.0120) (0.0141)
Similarity*D{quartile 4 of non-production workers) 0.0169 00166 -0.0092 -0.0063
(0.0526) (-0.0518) (-0.0184) (-0.0136)
(0.0123) (0.0126) (0.0127) (0.0146)
dropped 0.0220 00201 0226%= 0.0142%=
(0.0586) (0.0363) (0.0660) (0.0440)
(0.0044) (0.0039) (0.0041) (0.0034)
Constant 00333 0.0606* 0.0895% 0.1042%==
() () ®] ()
(0.0287) (0.0318) (0.0360) (0.0363)
Obszervations 17,622 16,218 14,757 14,048
R-squared 02952 03021 03114 03096

Table 3. Results of regressions of product addition in future years from ¢ + 2 to t + 5 as a function of similarity in the input mix
interacted with dummies for quartiles of non-production workers. Beta coefficients in parentheses one line below the estimators.
Estimated standard errors two lines below the estimators.



As expected, §° is positive and statistically significant for every s = 2...5.
Also as expected, 6% + 7 is positive for all the non-excluded quartiles of non-
production workers (that is, for all ¢ from 2 to 4) and for every s = 2...5, with
the only exception of the firms in the lowest quartile of non-production workers
in ¢t + 5. These facts imply that the derivative of Dy, 11, with respect to sim-
ilarity is positive for all quartiles and spans, except for the firms in the lowest
quartile of non-production workers in ¢ + 5. However, I cannot conclude that
0 < B35 < B3 < B3 for any s. Therefore, the aforementioned derivative does not
grow as I move to higher quartiles of non-production workers.

The evidence does not allow me to conclude in general that the sum I'y +
0.48(0° + B, ) grows as g grows. In other words, there is not evidence that the
firms with more non-production workers are more likely to add new potential
products for s = 2...5.

As for the evolution of estimators over time, I cannot conclude from Table
3 that 6° and 8] + 6° fall over time in all cases, as expected. The evidence
is mixed in this case. To start, 6° grows from s = 2 to s = 3, but then falls
monotonically from s =3 to s =5. As for 8] + ¢*, it falls monotonically from
s = 2 to s = 5 for quartile 2. For quartiles 3 and 4 it falls from s = 2 to s = 3,
then grows from s = 3 to s = 4, and falls again from k =4 to k = 5.

Summarizing, I found that the derivative of product addition with respect to
similarity is positive on average for firms of all the quartiles of non-production
workers in all spans from s = 2 to s = 5. This is consistent with the expected
results. However, I did not find conclusive evidence that this derivative is in
general greater in firms with more non-production workers. As for the dynam-
ics of this derivative, I could not establish conclusive evidence that it falls over
time, as expected.

The variable ”Dropped” is a dummy equal to one if the firm drops a prod-
uct in the respective year t 4+ s, and zero otherwise. It intends to capture the
possibility (not explored in the model of the second chapter of this thesis) that
firms has scarce factors of production that are necessary for the production of
several products and that cannot be used simultaneously for the production of
several products to a full extent, and that therefore they need to drop some
existing products to add others. The possible existence of these factors was the-
orized by Sutton (2012), who considers it a key determinant of product scope
of countries. This variable is positive and statistically significant at a level of
significance of 1 % for every s = 2...5, which suggests the possible presence of
factors of production with the properties mentioned above. A deep exploration
of their role and nature at the firm level remains as a pending and crucial task
for future works.

It is worth to mention that the analyses of significance presented so far might
be influenced by the number of firms that I am using. Namely, my sampling
strategy implies that I am using only 160 firms, which in turn implies that I
use just 160 clusters to estimate the standard errors of the estimators. A low
number of clusters may lead in general to incorrect rejections of null hypothe-
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ses that true parameters are equal to zero'® (this is, this can lead to claiming
statistical significance in cases in which it does not exist). However, 160 is a
larger number than the minimum number of clusters identified in the literature
for the statistical inference to be still valid (which is about 50) 16.

Robustness check: keeping the same sample of firms across years

It is possible that the changes of estimators across different spans for a given
quartile of non-production workers described in the previous section be partially
attributable to changes in the sample. As I explained before, some firms dis-
appear from the sample as I move to longer spans (higher values of s) and the
sample size falls mechanically as I do so. These facts might explain to some
extent that changes of estimators across different spans differ from the expected
ones. In order to explore this possibility, Table 4 shows results for the same
regressions of Table 3, with the only difference that the regressions in table 4
are all run with the same sample. Namely, I ran all the regressions of Table 4
using only the firms that survived continuously from ¢ to ¢+5 and using in every
case only information of the years that can be used for all the four regressions.

The main conclusion from Table 4 is that the results after restricting the
sample of firms to avoid a possible attrition bias are not very different from
the ones that I found with the whole sample of firms. In this restricted case,
6 > 0 and 6° + 37 > 0 for s = 3, s = 4 and s = 5, and for all quartiles of
non-production workers. In words, the derivative of Dy, 4, with respect to
similarity is positive for all quartiles for all those three spans (3, 4 and 5 years
ahead). This is not very different from the results in Table 3. Just as for Table
3, I cannot conclude from table 4 that 0 < g5 < 8§ < 37 for any s. Therefore,
the aforementioned derivative does not grow either in this case as I move to
higher quartiles of non-production workers. Once again, I cannot conclude from
Table 4 that T'y +0.48(5° + ;) grows as g grows in general for s = 2...5. Finally,
I cannot conclude from Table 4 that §* and S + 4° fall over time in all cases, as
expected. This conclusion is identical to the one I presented for the case with
the whole sample of firms.

In addition to the possible problems induced by the exit of firms over time,
I had the concern that the variability of the dependent variables of the regres-
sions whose results are shown in tables 2 and 3 might be too low. This because
the dummies for future product addition have too many zeros, as the feasible
sets include many more products than the ones that are in fact produced by
the firms. This problem might have two negative implications. Firstly, it might
reduce the statistical power of the models estimated here. Secondly, the vari-
ance of the errors might be too low, leading to incorrect inferences about the
statistical significance of the estimators. In order to analyze if this is the case, I
ran the regressions of table 3 with a more restrictive definition of the feasible set.

I defined the feasible set in an alternative way in which this set contains for
a firm f all the products that f has ever produced and all the products with

15Please read Cameron et al. (2008) for details.
16Please read Angrist and Pischke (2009) for a detailed explanation.

24



a probability of joint production with any product ever produced by f above
the median of the distribution of all the probabilities of joint production (unlike
the original definition, in which this set includes all the products that were ever
jointly produced with any of the products ever produced by f). This reduces the
number of zeros in the dependent variable (the dummy for product addition),
and prevents the problem of too small variability explained before. However, I
did not observe important changes in this case with respect to the results shown
in table 3.
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Difutnre production i D futuce production in - D(future productionin - D(futre production in

9¢

t+2) t+3) w4 t+5)
Dyquartile 2 of non-production worlers) -0.0021 0.0158 0.0258++ 0.0562++
(-0.0062) (0.0399) (0.0695) (0.1108)
(0.0099) (0.0099) (0.0091) (0.0109)
Dyguartile 3 of non-production workers) -0.0093 0.0054 0.0113 0.0183*
(-0.0302) (0.0353) (0.0603)
(0.0100) (0.0092) (0.0103)
Dyquartile 4 of non-production worlers) -0.0044 0.0192+ 0.0183
(~0.0160) (0.0675) (0.0679)
(0.0107) (0.0113) (0.0107) (0.0113)
Similarity 0.0188 0.0337+ 0.0285+% 0.0342+
(0.0435) (0.0738) (0.0635)
(0.0146) (0.0148) (0.0136)
Similarity*D)guartile 2 of non-production workers) 0.0075 -0.0164 -0.0148
(0.0133) (-0.0282) (-0.0250)
(0.0162) (0.0167) (0.014%)
Similarity* D guartile 5 of non-production workers) 0.0064 -0.0233 -0.0068
(0.0118) (~0.0400) (-0.0121) (~0.0293)
(0.0169) (0.0160) (0.0143) (0.0151)
Similarity* D) guartile 4 of non-production workers) 0.0109 -0.014% 0.0002 -0.0098
(0.021%) (-0.0280) (0.0004) (~0.0201)
(0.0164) (0.0164) (0.0153) (0.0164)
dropped 0.0219+=+ 0.0257+=* 0.0221++ 0.0156++
) (0.0691) (0.0598)
(0.0054) (0.0050)
Constant 0.0804+ 0.1018+=
) 8] (8]
(0.0372) (0.0383) (0.041%) (0.0417)
Ohbservations 11.625 11,625 11,625 11.625
PR-squared 0.2081 0.3292 0.3660 0.5601

Table 4. Results of regressions of product addition in future years from ¢ + 2 to ¢t + 5 as a function of similarity in the input mix
interacted with dummies of quartiles for non-production workers keeping the same sample. Beta coefficients in parentheses one line
below the estimators. Estimated standard errors two lines below the estimators.



Discussion

The results presented in this section are mostly indicative of the existence of
a positive derivative of product addition with respect to similarity that remains
over time, although it does not change over time in the way I expected. In sim-
pler words, firms keep on adding to their product mixes even in the long term
products whose production required in ¢ input mixes that were more similar to
the input mixes used by them in that year. This finding is important because
this persistence is consistent with the main and distinctive feature of the model
that T proposed in the second chapter of this thesis, which is the persistence
of firm-input-specific productivities that cause persistent patterns of product
addition.

On the other hand, the empirical results presented here are not fully consis-
tent with the expected result that the derivative of product addition with respect
to similarity is greater in firms with more non-production workers. However, I
did find that the firms with the highest values of non-production workers exhibit
a larger derivative than the rest of firms in the short term (in ¢ + 1).

The results presented here do not suggest unambiguously that the derivative
of product addition with respect to similarity falls over time for every quartile
of non-production workers, as expected. There are several possible explanations
for this. One that is consistent with the model of the second chapter of this the-
sis is that firm-input-specific productivities might depreciate over time. If this
were the case, such productivities might grow or fall over time, depending on
the size of the depreciation and on the scale of the process of learning by using.
Depreciation might dominate in some periods, leading firms to add more (and
not less) similar products, as they must rely to a larger extent in this case on
what they already know how to do well. I do not explore this or other possible
explanations in this paper.

5 The effect of cheaper inputs on product addi-
tion

In this section I analyze if the exogenous changes in the prices of inputs have
in reality the firm-product-specific effects predicted by the theoretical model
presented in the second chapter of this thesis. Very importantly, I explain here
why the granularity of this prediction allows me to claim that finding possible
validity for it would constitute causal evidence in favor of the theoretical model
presented in the second chapter of this thesis.

The Proposition 3 in section 2 predicts what is expected to happen to prod-
uct addition if the price of an input used by the firms falls. It states that this
reduction has firm-product-specific effects on the profitability of product ad-
dition. More specifically, this effect depends in each case on two differential
elements: (i) it is larger if the respective product is intensive in the input whose
price falls, and (ii) it is larger if the respective firm has higher firm-input-specific
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productivity for the use of the inputs whose price falls.

The ideal way to analyze empirically the possible validity of the firm-product-
specific prediction contained in the proposition 3 would be to construct a vari-
able that reflects the two elements (i) and (ii) mentioned above, and analyze
its possible correlation with the phenomenon of product addition. This variable
should ideally have two characteristics. Firstly, it should be possible to calculate
it in reality, as its observed values are needed if I want to use it in an empirical
analysis. Secondly, it should capture the two differential elements (i) and (ii)
above. By "capture” I mean that this variable should respond to the changes
in the prices of inputs in directions and magnitudes that reflect the elements (i)
and (ii) above.

Fortunately, the theoretical model in the second chapter of this thesis of-
fers an ideal candidate for the variable mentioned above. The expression (6) of
the second chapter of this thesis is the conditional cost function of a firm f to
produce a quantity ), of a product p in a year ¢. Formally, this cost has the
following functional form:

Crot = [ tuesudtie ] —me
Ip kY fktVpkdfkt gp(ﬁ7m)5/9

3)

Cypt has the key property that it determines the phenomenon of product
addition (this is why it is the first result presented in the second chapter of this
thesis). Intuitively, if a firm f can produce a product p in a year ¢t at a lower
cost (this is, if Cyp above is lower), then p is more profitable for f and it is
easier for f to add it to its product mix in the future. In short, if C't,; is higher,
then the profitability of adding p for f in ¢ is lower.

Very importantly, C,e is lower for every produced quantity if the term

o op 1—0 1/1=ap
[Zk ¢f2t¢p1€qfkt p}
or down the minimum cost of production for any produced quantity. Given its
relevance for the analysis below, I will name this term CES cost index (CCI)
hereinafter, as I will use it repeatedly later. Formally:

is lower. In other words, this component scales up

o 1/1—-0
CClyp = [Zk ¢?kt¢gkq}kt

(4)

What makes CClIyp: special for the purposes of this paper is that it cap-
tures formally the intuition explained before for the facts that the firm-product-
specific effect of the reduction in the price of an input is (i) larger if the respective
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product is intensive in the input whose price falls, and (ii) larger if the respec-
tive firm has a higher firm-input-specific productivity for the use of the input
whose price falls. In other words, CC1¢,: has the desired property of capturing
(1) and (ii). The part (i) is captured by the fact that the price of each input ¢y
is multiplied by ¢k (the input-output coefficient), which amplifies the effect of
falls in prices of inputs with high ¢,5. The part (ii) is captured by the fact that
the price of each input gy is also multiplied by ¢ (the firm-input-specific
productivity), which amplifies the effect of falls in prices of inputs with high
@it Please notice that the fact that both effects are explained by the triple
product @ ri@prqsre (each with its respective exponential) implies that the two
differential factors (i) and (ii) amplify each other. This latter fact is not explored
theoretically nor empirically in this thesis, but it might be explored in the future.

So far, I have explained why CClI¢,; has the key characteristic of captur-
ing properly (i) and (ii). In short, CCIy,; determines the cost of production
(which in turn determines the phenomenon of product addition), and it changes
when the prices of inputs fall in firm-product-specific magnitudes that reflect
the differential elements (i) and (ii). However, I have not demonstrated yet that
CCl¢p: has the other desired property of being possible to calculate. Fortu-
nately, CClI¢,; can be calculated indeed, as I will show later in this section.
Before explaining how, I will explain how it is used, what are the expected re-
sults when using it, and what econometric problems might arise because of its
use.

Econometric model and expected results

Given the very important characteristics of CClIyy, I use it as a regressor for
the probability of product addition. More specifically, I include it as an addi-
tional regressor in the first econometric model of the previous section. Namely,
I estimate here the parameters of the following expression:

Dipt1 =+ 23:1 BaStpt * Dape + 23:1 LeDgye + Llog(CClLyp) + 6Spp +
Yt + Of +Tp + €fpit1
(5)

All the interpretations and explanations of expected signs provided for the
parameters in the expression (1) apply entirely for the analogous parameters
in the expression (5). The expected sign for I' is negative, as a lower CCI
should reduce the cost of production of p for f in ¢ and this should in turn affect
positively the potential profitability.

Very importantly, CC1I,: changes when the prices of inputs change in such a

way that it captures in theory the key differential elements (i) and (ii) explained
in detail above. As these very granular and specific elements are predicted by the
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theoretical model presented in the second chapter of this thesis in its more spe-
cific and granular proposition, their possible empirical validity when the prices
of inputs change exogenously may be interpreted as causal evidence in favor of
this model.

Estimation of structural parameters

As I mentioned above, it is possible to compute CClIy,;. For this, let us start
by writing the first order condition of the cost equation of a firm f to produce
a product p in a year ¢ with respect to the material s (this is, with respect to
Miypst). As I showed in the expression (17) of the second chapter of this thesis,

this first-order condition is as follows!”:

Op(=np) |

> (1—mp) 0,(1— » Pp p—1
9p (K pe, Le, Hp) 0 77) % p ¢fkt¢PkM;pkt:| PrstbpsPpMippy = dpst
(6)

It is possible to identify ¢ ¢s; and ¢, from this expression with a combination
of some simple transformations and OLS regressions. The expression (6) can be
rewritten in terms of the observable revenue perceived by the firm from sales of
product p in ¢ (represented by Ryp.) as follows:

Bipe _ Xfpt .
dfst 9p(1_np)¢fst¢'psM;£st

(7)

where ayfp = {Zk ¢fkt¢pkM})§kt]- The ratio in the left-hand side of (7)
is observable because both the revenues from selling all the products and the
prices of the inputs are observables for every firm. I represent such ratio here
by ypst- In addition, I take the natural logarithm of both sides of the equality
in (7) to get the following expression:

lnyfpst = ¢fpt - 6ps - Qfst — €fpst

(®)

where wfpt = lOg [%]7 51)5 = l09¢psu Qfst = lOg¢fst and €fpst —

logM J’f;’s_tl. The important feature of expression (8) is that all its unknown

components can be estimated by running an OLS regression of the observables

17Please see the second chapter of this thesis for an explanation of all the parameters and
variables involved in the expression (6)
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Inyspst as a function of firm-product-year, product-input and firm-input-year
fixed effects (which will account for vy, dps and Qyg, respectively). This
is important because by estimating d,s and ¢ it is possible to recover two
key components of CClIyy: the firm-input-specific productivities ¢ 5 and the
input-output coefficients ¢ps.

I use the OLS estimators of ¢ ;s and ¢, in this chapter to calculate CC1 .
In addition, they are used in the section 6 of this paper to analyze possible em-
pirical evidence of the existence of the main mechanism and main assumption
of the model presented in the second chapter of this thesis.

Given that I have now estimators for ¢, and ¢ and the prices paid by all
the firms for all the inputs are observables, all I still need to calculate CC1yp,
is a value for o. I take its value from the work from Eslava and Haltiwanger
(2020), who also used data from the Colombian EAM and performed a GMM
estimation of the elasticity of substitution across materials of Colombian man-
ufacturing firms. They assumed a CES functional form very similar to the one
I use here. Because of this comparability in terms of the used data and the
functional form, their value is highly applicable to this paper. Their average
across all sectors of these elasticities of substitution is 1.84. This is the value
that I use here to calculate C'C1 .

Once calculated, CCIy,; is used in the regression presented in the expres-
sion (5) above. Very importantly, CCI¢,; can be estimated for the products
not produced by the firms, and not only for the products that they actually
produce. This is crucial, as I use it in this section in a regression with a dummy
for product addition in ¢ + 1 of products not produced in t as the dependent
variable. Therefore, it will have to be used by definition for products that are
not, produced in ¢.

Possible endogeneity

There may be a problem of endogeneity of the variable CC1¢p, in the expres-
sion (5). Namely, this variable might be correlated with the variables included
in €fp+41. For instance, the price that the sellers of inputs charge a firm f for
the inputs needed to produce a product p can depend on their own forecast
about the future decision by f to produce or not p in ¢t + 1. If the seller of the
inputs forecasts that the firm will not produce p in t + 1, it might reduce the
prices of inputs in ¢ (especially for perishable inputs). If this forecast is based
on variables not included in the model (which is likely), this would mean that
CCl¢pe would be correlated with €7, +41, and the OLS estimator of I" would be
biased. To solve this, I perform here a two-stage least squares (2SLS) estima-
tion, using tariffs as instruments.

The Colombian trade reform of 2012

Colombia is a small open economy '®. This means that it is reasonable

18The term ”open” means in this context that goods and services can be traded from and
to the country, even though some of them are subject to tariffs.
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to assume that it is a price taker in the tradable products sold under perfect
competition, and that prices of imports should have influence on the prices of
the tradable products sold under monopolistic competition. Therefore, if the
imports of the tradable inputs used by a firm f become cheaper, the prices
of tradable inputs paid by f should fall, even if f buys them from domestic
producers. Formally, this means that there should be a positive relationship
between the price paid by f for an input k in ¢ (¢fx¢) and the tariff imposed by
the domestic government to input k in ¢ (Tj).

A simple way to justify formally the assumption that gy is positively cor-
related with Ty; comes from the optimal pricing behavior of firms under free
trade. In general, the price charged by sellers of domestic inputs to manufac-
turing firms is equal to the marginal cost of the respective input multiplied by a
factor F'. This factor can depend on several other factors, such as the elasticity
of substitution and the number of firms. It is constant under most of the mod-
els typically used in economics, and it is equal to one under perfect competition.

Formally, for domestic inputs gsr = F.MCype, where MC'yy is the marginal
cost of producing the input k faced by the domestic firm that produces it
and sells it to f in t. Analogously, the price of imported inputs is Upe =
F.MC}kt.(l + Txt), where MC%,, is the marginal cost of producing the input
k faced by the foreign firm that produces it and sells it to f in ¢. If the tariff
Tyt decreases, g}y, also decreases. Unless the domestic producer of an input k
is a monopolist, its price gk falls when g}, falls, because F' falls for k as a
consequence of the higher competition. Under perfect competition, the fall in
the tariff is fully transmitted to the price.

Given this, the policy action used here as a source of exogenous variation
in the prices of inputs is a unilateral reduction of the tariffs imposed by the
Colombian government to the imports from the United States that took place
in 2011, prior to the free-trade agreement between these two countries in 2013.
As figure 1 shows, the simple average of the product-level tariffs imposed by
the Colombian governments to the imports from the United States fell almost 3
percentage points from 2010 to 2011, and kept on falling during almost all the
successive years. In eighteen years this average fell almost 8 percentage points,
from near 12 percent in 2000 to approximately 4 percent in 2018.

The figure 2 shows that it was not only the average of the product-level tar-
iffs to the imports from United States that changed, but also the distribution
of such tariffs. The upper and lower limits of blue boxes in this figure represent
the percentiles 25th and 75th of the distribution of tariffs each year, respec-
tively. The horizontal line inside each box is the median of each year. The two
horizontal lines above and below each box are the upper adjacent values and
the lower adjacent values each year, respectively °.

Figure 2 shows several facts. The most important is that the distribution

19The upper adjacent value is uniquely defined as the j percentile of the dis-
tribution such that complies with two requirements: (A) it is smaller than
percentile(75)+1.5%(percentile(75)-percentile(25)), and (B) the j+1 percentile is larger than
this value. The lower adjacent value is defined in an analogous way
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Figure 1. Average of product-level tariffs imposed by the Colombian
government to the imports from the United States.
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Figure 2. Box plots of yearly distributions of product-level tariffs imposed by
the Colombian governments to imports from the United States.
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of Colombian tariffs to imports from the United States changed in many senses
in 2011. Namely, the interquartile range (75th percentile - 25th percentile) fell
from nearly 10 percentage points in all years from 2000 to 2010 to approximately
5 percentage points in 2011. In this last year 50% of the tariffs were between
5 and 10%, which moved the median down from 10% in previous years to 5%
in 2011. Several values that would have been below the upper adjacent values
in previous years became outliers in 2011. This change in the concentration of
the distribution towards lower values continued in the successive years. As a
consequence, the median of the distribution fell almost to zero in 2016. Even
though it increased temporarily to nearly 3 percent in 2017, it fell again since
then until 2019, when it reached again a value very close to zero.

The fact that the median of product-level tariffs imposed by the Colombian
government to the imports from the United States fell nearly 5 percentage points
from 2010 to 2011 means that many tariffs changed, and that the reduction was
not applied just to a few products. This conclusion is reinforced by the other
changes in the distribution that can be observed in Figure 2 from 2010 to 2011.
The 25th percentile seems to have remained the same (around 5 percent), but
the mean fell from nearly 10 percent to nearly 5%. These facts mean that the
second quartile of the distribution squeezed. More specifically, 25% of the prod-
ucts had until 2010 a tariff between 5 and 10%, and they (or other products
that replaced them in the second quartile) switched to have a tariff of 5% or
below.

As a consequence of the squeezing of the lower quartiles described before and
of possible reductions of tariffs in the upper parts of the distribution, the 75th
percentile also fell nearly 5 percentage points from 2010 to 2011, from nearly 15
percent to 10%. In summary, the change in tariffs that took place in 2011 was
not a reduction in just a few products. Instead, it affected a proportion of the
products sufficiently high as to cause the notorious change in the distribution
that can be seen in Figure 2. The same is true for the years after 2011. Addi-
tional checks confirm that the tariffs of more than half of the products fell in
2011, and the same is true for the subsequent years.

The fact that the reduction in tariffs from 2011 was broad both in its ex-
tensive (number of affected products) and intensive (extent of changes) margins
allows me to use it as a phenomenon that affected most of the products used
as inputs by the Colombian manufacturing firms. As for the exogeneity of this
phenomenon, it is reasonable to assume that the residuals €f,; in expression
(1) in 2011 and in the subsequent years were uncorrelated to the decision of the
government to reduce the tariffs of the inputs that are critical for the production
of p by firm f since 2011.

Even though some factors that might affect product addition by a firm f
such as its capacity of agency or lobbying might be correlated to the decision
of the government to reduce or not the tariffs of the inputs used by f, I discard
the possibility that this is a generalized fact. This because the median of the
market share of a firm in the total market of a product in a year is below 30
percent, even though the definition of product used here is as narrow as possible
(that is, I use the most disaggregated level of product definition available in the
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different product classifications used here).
Results

If the generalized reduction in tariffs that occurred from 2011 led to a fall in
the prices of the inputs used by the Colombian manufacturing firms, this gener-
alized reduction should cause a decrease of the right-hand-side of expression (4).
Given this relevance as instruments, I use here the average tariffs imposed by
the Colombian government to imports from the rest of the world as instruments
for CCIyp in a 2SLS regression.

In the first stage I regress CClIy, on the two principal components of the
tariffs in ¢ on all the inputs used by the firm in ¢. These two principal compo-
nents are uncorrelated with each other and they have two key properties: (i)
they capture the maximum possible variance of the original tariffs, which means
that they capture to a large extent the most notorious differences across tariffs
within a firm in a year, and (ii) they are therefore a two-dimensional comprised
version (in terms of variance) of the original tariffs. Therefore, they capture to
the largest possible extent the variability of these latter while still allowing me
to have just two uncorrelated variables derived from all the tariffs for each firm.

The two-dimensional nature of principal components allows me to run a
unique regression for all the firm-year-product combinations in the first stage.
This regression has just two explanatory variables in all cases, unlike the po-
tential situation in which I had used all the relevant tariffs for each firm in
each year?%. In the second stage I used the predicted values from the first stage
CCTjp as an explanatory variable in (5).

Table 5 shows the results both using such principal components as instru-
ments for CCIyy,: and using CClyy, itself as a non-instrumented regressor.

I report results in all the specifications included in the table (5) both includ-
ing and excluding similarity and its interactions with dummies for quartiles of
non-production workers. This because there are valid reasons both to include
them and to exclude them.

The similarity might be highly correlated with CCl¢p,. If a firm f is very
proficient in the use of a particular input k in ¢ and the product p is very inten-
sive in k, then CClIy,, will be low. If these assumptions hold, it is likely that
f uses k intensively, and also that the production of p is in general intensive in
k. In other words, it is likely that the similarity between f and p in the use
of inputs is high, which in mathematical terms would mean that Sy, is high.
Therefore, there are theoretical reasons to expect a high negative correlation be-

201t would be possible in theory to run firm-year-specific regressions of CClypy as a function
of all the tariffs relevant for the firm in ¢. However, the number of observations for each firm
in this case would be equal to the number of produced actually products by it in t. As each
manufacturing firm produces on average less than four products in a year, the number of
observations of each regression in this second specification would be very low in many cases.
This problem can be reinforced by the fact that some firms use many inputs, which increases
the number of parameters to be estimated.
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tween C'Clyp; and Spp.. The negative correlation between these two variables
is indeed slightly above -0.5 in absolute value. Therefore, my estimator for I"
might be inconsistent if I exclude Sy, and its interactions from (5).

However, there are also theoretically valid reasons to exclude Sy, and its
interactions from (5), as it is possible to argue that CClyy, and Syp, are con-
ceptually redundant and they do not need and should not be included in the
same regression, as the same fundamentals drive them both. If a firm f is very
good at using an input k and some products are very intensive in k, the model
presented in the second chapter of this thesis predicts that such products are
more likely to be added by f than others because f can produce them efficiently
(this is, because CClgp; is low). This higher relative efficiency is materialized
in reality by the fact that f uses k intensively, just like k is intensively used to
produce those products. This similar intensity implies a high S¢p:. In short,
similarity is just a metric that reflects and materializes efficiency, and its ex-
clusion should not generate any inconsistency, as it does not have influence on
the error once CClypy, is included.

The extent to which the models including similarity and its interactions are
better suited to yield a consistent estimator for I' than those excluding them
depends on the extent to which similarity is correlated with other factors related
to product addition and uncorrelated to firm-input-specific productivities, such
as general technological changes that determine input-output coefficients. As
there is not certainty about this extent, I decided to report results both with
and without similarity and its interactions in all cases.

36



L8

D(future production] D{future production) D{future production) D{future production)

Diquartle 2 of non-production woskers) -0.0009 -0.007
(0.0354) (0.0143)
Diquartile 3 of non-production workers) -0.0006 -0.0006
(0.0011) (0.0011)
D(quartile 4 of non-production workers) 0.0019 0.0022
(0.0041) (0.0701)
Sinularity 0.017(>= 0.0111
(0.0090) (0.2133)
Similanty*Di(quartile 2 of non-production workers) 0.0100+ 0.0175%*
©.0701) (0.0116)
Simulanty*D{quartile 3 of non-production woskers) 0.0060 0.0255%*
(0.3741) (0.0133)
Similagty*D)(quastile 4 of non-production wokers) 0.0179+* 0.0592%*
(0.0358) (0.0002)
log( CCley,) -0.0061#= -0.0054=
(0.0000) (0.0002)
log(CCTppe ) -0.0195 -0.0217
(0.4149) (0.3524)
Constant -0.0143 -0.0213 -0.1499 -0.2030
(0.3308) (0.2185) (0.4047) (0.2498)
Observations 22,508 18,509 9,738 9,738
R-squared 0.1857 02233 0.2630 0.2631

=+ p<00L, * p<0.03, * p=0.1

Table 5. Results of regressions of product addition in ¢ 4+ 1 as a function of a cost index and similarity in the use of materials interacted
with dummies for quartiles of non-production workers. Estimated standard errors one line below the estimators.



The estimator for CC1y, is negative as expected under all the three specifi-
cations, both with and without the inclusion of the similarity and its interactions
with the dummies for the quartiles of skilled labour. However, this estimator is
statistically significant only when I use OLS without using the principal com-
ponents of tariffs as instruments for CC1Iy,, (it is actually highly significant in
this case). The number below each estimator is the p-value for the null hypoth-
esis that the corresponding true parameter is equal to zero. The p-values show
that the null hypothesis of non-significance is far from being rejected when I use
tariffs as instrument for CC1I¢p,.

If the changes in tariffs are more exogenous than the prices of inputs to the
non-modeled firm-product-specific factors that are correlated with product ad-
dition (as I reasonably assume), these results suggest that there is not conclusive
causal evidence in favor of the model presented in the second chapter of this
thesis. However, it is still valid to state that if changes in the prices of inputs
were exogenous to such factors to some extent (as might be the case for firms
in more competitive markets), the first two columns of Table 5 would indicate
the presence of such evidence to some extent.

Very importantly, the results in Table 5 are highly consistent with the pre-
diction derived from the proposition 2 in section 2 that 0 < g5 < 35 < f5.
More specifically, the results in Table 5 are more consistent with this prediction
than those shown in Table 2 in section 4. The only difference is that in Table
5 I included the CES cost index (CCI) as a regressor. As long as this variable
is correlated with the product addition and its drivers (structural firm-input-
specific productivities and input-output coefficients) are not fully captured by
the similarity, its exclusion would generate an omitted variable bias in the re-
sults of Table 2 that would not exist in the results of Table 5 (provided that CCI
is correlated with the similarity, as is the case). In summary, the results shown
in Table 5 validate empirically the proposition 2 in section 2 to a larger extent
than the results shown in Table 2, given the correction of a possible omitted
variable bias in the former case.

The possibility of using CC:Tfpt to get a consistent estimator of I' in expres-
sion (5) depends on the validity of the tariffs as instruments. Formally, they
must be uncorrelated with the errors €, ;4+1. Given that expression (5) includes
fixed effects by firm, year and product, €¢p ¢++1 includes only factors that vary for
two or more combinations of those three dimensions. In other words, it includes
in theory all the firm-product-specific, firm-year-specific, product-year-specific
and firm-product-year-specific factors that have effect on the product addition
decisions and that are not included as regressors in expression (5). It is rea-
sonable to assume that all the factors that vary to some extent across firms are
uncorrelated with tariffs, as the generalized reduction in tariffs that took place
in 2011 was a comprehensive policy that did not attempt primarily to attend
requests of specific firms nor to solve firm-specific problems that might affect
product addition.

Product-year-specific factors can be more problematic, as there may be time-

varying product-specific factors that are common across all the firms that might
potentially produce the product in question with two problematic properties:
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(i) these factors might affect the firms’ decisions to add the product in question,
and (ii) these factors might be correlated with the tariffs imposed by the Colom-
bian government to the imports from the U.S. of the inputs needed to produce
that product. If (i) and (ii) were true, the tariffs would not be valid instruments.

The possible existence of time-varying product-specific factors with the prop-
erties (i) and (ii) above can be rationalized in several ways. Firstly, there might
be time-varying product-specific shocks that might be correlated both with the
product addition of the product in question and with the tariffs imposed by
Colombia to the imports from the U.S. of the inputs needed to produce the
product in question, such as demand shocks. If this were the case, the tariffs
would not be valid instruments anymore. Secondly, some sectors 2! that pro-
duce some specific products might be able to foresee the future changes in the
tariffs of the inputs needed for their production, and they might take this into
account when deciding to produce their products or not some years before the
tariffs reduction. If there is persistence in this ”anticipation effect”, the tar-
iffs would not be valid instruments. Thirdly, the tariffs reduction might have
been more pronounced for those products that are used as inputs of some spe-
cific products that are produced by sectors (this is, sets of firms) with specific
properties, such as high lobbying capacity. If this capacity is persistent and cor-
related with product addition, the inputs tariffs would not be valid instruments.

The first possibility is the least worrisome, as I found in the first chapter of
this thesis that the change in the average sales price of a product is uncorrelated
with the probability that the product in question is added by the firms that may
potentially produce it. This should not be the case if demand factors poten-
tially correlated with the tariffs (such as demand shocks) affected the product
addition. As for the second and third concerns, I do three things to discard
their possible occurrence.

To start, I perform a parallel trends test for the product addition, in order
to discard the possibility that the sectors that were more favoured by the inputs
tariffs reductions added more products before such reductions than the rest
(possibly because they foresaw these reductions). For this test, I use as pre-
treatment period the years 2008 and 2009, and as post-treatment period the
year 2010. This because the tariffs reduction was carried out in 2011. As for
the treatment, I categorize as treated those products for which the weighted
average of the tariffs on their inputs (using expenditures shares as weights) are
above the median of this metric of inputs tariffs reduction, and as untreated
the rest of products (this is, those for which this metric is below its median).
The test consists of an augmented difference-in-differences regression. Formally,
I ran the following regression:

217 yse the term ”sector” here to make reference to the set of firms that produce a product.
I use this term when I need to emphasize the fact that these firms constitute an aggregate with
possible specific characteristics such as lobbying capacity. I can use this term and the term
?product” indistinctly without incurring into any conceptual mistake, as they both correspond
to the same level of aggregation. Please notice that a firm can belong to several sectors here,
as firms can be multiproduct.
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Dipis1 = o+ ay X ppr + 2Dy + asWidsot + asWidit +vp + 71 + €fpasa
9)

where Dyp ¢4 is the usual dummy for product addition of product p by firm
f one year ahead, Xy, is a set of covariates (the similarity index and its in-
teractions with the quartiles of non-production workers), v, and 7, are product
fixed effects and time fixed effects, respectively, D,; is the usual dummy in DID
regressions that equals one if the observation corresponds to a treated product
(this is, to a product that exhibits a metric of inputs tariffs reduction above its
median) and the observation corresponds to 2010 and zero otherwise, w, equals
one if the observation corresponds to a treated product (this is, to a product
that exhibits a metric of inputs tariffs reduction above its median), ¢ is a trend,
dyo is one for 2008 and 2009 and zero otherwise, and d;; is one for 2010 and zero
otherwise.

The term W,dt captures the difference in the linear trend before 2010
(namely, in 2008 and 2009) between the products more favoured by the re-
duction in the inputs tariffs and the products less favoured by this reduction.
Therefore, if ag is statistically different from zero, there would be evidence that
the trends were different, and it might be the case that sectors that foresaw
that would be more favoured by the reduction of the tariffs of their inputs in
2011 started to produce their respective products to a larger extent than the
rest of sectors several years before the tariffs reduction. The test consists then
in performing a simple Wald test with the null hypothesis that a3 = 0 (paral-
lel trends). I find a p-value of 0.5680 for this test, which allows me conclude
that there is evidence of parallel trends in product addition of the sectors more
favoured by the reduction of inputs tariffs and those less favoured by such re-
duction. This solves to some extent the second concern stated above (i.e., the
concern of endogeneity because of a possible ”anticipation effect”).

In order to addess the third concern (possible endogeneity of inputs tariffs
reductions because of phenomena such as lobbying capacity that may affect
both product addition and tariffs reductions), I adapt the procedure used by
Baccini et al. (2019) to the needs of this paper. Namely, I adapt it to take into
account that in this paper it is the tariffs on inputs what matter, as these latter
are the ones whose principal components I use as instruments. Namely, I run
the following regression:

Tir = Bo,s + B1,sAAg 1—s + €1
(10)

where T} is the tariff imposed by the Colombian government on the imports
of input k£ from the U.S. in year ¢t and AAy;_; is the addition associated with
input k in year ¢t — s. It is calculated as follows:
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Tkt Tkt Tkt

AAye ._6"0E_10\
(9.41E-10)
-1.19E-09
Al (9.76E-10)
AAg s -4.95E-10
k=2 (1.09E-09)
c 9.6479%#+ 9.6631%+ 9.5826%
onstant (0.1022) (0.1144) (0.1263)
Observations 4105 3307 2745
R-squared 0.0001 0.0003 0.0001

== p<0.01, = p=0.05, * p=0.1

Table 6. Results of regressions of tariffs on the associated addition of products
at the input level. Robust standard errors in parentheses.
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where ), is the share of total expenditure of inputs to produce p that is
spent on input k, 1y, ;—s is an indicator function that equals one if the po-
tential new product p is added by firm f in ¢t — s, N is the total number of
potential new products that require input % for their production and N, is the
number of firms that have product p in their set of potential new products.
Intuitively, AAy ;s is a number between zero and one that measures the extent
to which the products that require input k& for their production are added by
firms, weighting each of those products by the intensity in which & is used for its
production. If I find 5; to be negative and statistically different from zero, there
would be evidence that the inputs that were intensively used in the production
of the products chosen by the firms in the past exhibited larger tariffs reduc-
tions later, which might be indicative of lobbying capacity or similar phenomena
(as long as such capacity manifests in higher product addition to some extent).
The table 6 shows the results of the regression above for s =0, 1,2, in order to
explore the relationship between tariffs and product addition for different spans.

I cannot conclude that 3, is statistically different from zero in any case. This
implies that inputs tariffs reductions were not more pronounced for inputs that
yielded higher anticipated gains in terms of product addition, which supports
the conclusion that non-observables such as lobbying capacity did not seem to
determine the changes in tariffs. I run identical regressions with the additional
inclusion of an autorregresive component of Tj;. The R2 increased to above
0.7. Very importantly, in this case I still cannot conclude that (3, is statistically
different from zero in any case.

Using the product addition as a possible predictor of tariffs might mask the
effect of lobbying capacity or similar factors to some extent, as product addition
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-1.8932
ASie (2.2652)
“1.89E+00
ASke-1 (3.0889)
AS, . -2.8585
2 (3.7608)
c 9.62847%+ 9.6219%%* 9.5701 %%+
oustant (0.0968) (0.1080) (0.1186)
Observations 4105 3307 2745
R-squared 0.0001 0.0001 0.0001

== p<0.01, = p=0.05, * p=0.1

Table 7. Results of regressions of tariffs on the associated sales at the input
level. Robust standard errors in parentheses.

may be influenced by several other factors. In order to surpass this problem to
some extent, I repeated the regressions in Table 6 but using the sales instead of
the dummies of product addition. Sales have two key properties: (i) I found this
variable to be positively correlated with product addition in the first chapter
of this thesis (which makes it an observable suspect to cause endogeneity, as I
excluded it from the regression in (5)), and (ii) it is reasonable to assume that
sectors with higher sales have higher lobbying capacity. With this in mind, I
constructed the following variable of associated sales:

ASki—s = Y0 QpSalesy o (12)

where Sales, ;_ is the logarithm of the total sales of product p in year ¢ —s.
Intuitively, AS measures how large were the sales of the products that require
input k for their production, weighting each product by the extent to which k
is required to produce it (this is, giving more importance to the products that
are more intensive in k). Just as for the case of AA above, I ran regressions of
Tyt as a function of ASy s for s = 0,1,2. The results are shown in Table 7.
I found the coefficient for AS to be statistically not different from zero in all
cases. In words, the sectors with anticipated higher sales did not benefit from
larger reductions of the tariffs of their most important inputs. In this case I
also repeated the regressions with an autorregresive component of the tariffs.
Once again, this did not alter the conclusion of statistical insignificance of the
relevant parameter. This finishes my tasks to discard the third concern stated
above.

Summarizing, it is reasonable to assume that the principal components of
tariffs are valid as instruments for CClIy,;, as it is reasonable to assume that
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they are uncorrelated with €fp, 411 in (5).

6 Evidence of the process of learning by using
and of the effect of productivities on product
addition

In this section I present an additional empirical analysis that explores the pos-
sible existence of empirical evidence in favor of the main assumption of the
model proposed in the second chapter of this thesis, and also of its main mecha-
nism. To do this I use the structural parameters (input-output coefficients and
firm-input-specific productivities) that I identified and estimated in the previ-
ous section. The main conclusion from this section will be that the evidence is
mostly in favor of the main assumption of the model presented in the second
chapter of this thesis, and also of its main mechanism.

Main assumption and main mechanism of the model

The main assumption of the model proposed in the second chapter of this
thesis is that there exists a process of learning by using, in which firms increase
their firm-input-specific productivities as they use the respective inputs to a
larger extent. The main mechanism of this model is that the products that
require intensively for their production in ¢ those inputs for whose use a firm
f has high firm-input-specific productivities are more likely to be added by f
in the years after ¢. Testing empirically the possible validity of this assumption
and mechanism is very important, as I explain below.

What makes special (a) the process of learning by using (main assumption)
and (b) the fact that firms add more easily products for which }°, ¢prpd e is
larger (main mechanism) is that if (a) and (b) happen in reality, then necessarily
the finding that the correlation between similarity in ¢ and the product addition
after ¢ persists over time is attributable to persistent firm-input-specific pro-
ductivities to some extent, which is the main feature of the model proposed in
the second section of this chapter. This would constitute additional and strong
evidence in favor of the model presented in the second chapter of this thesis,
in addition to the findings presented in the previous two sections, which are
consistent with some of this model’s propositions.

Let us assume for explanatory purposes that (a) and (b) occur in reality. This
would necessarily imply that the main findings of this work are attributable to
persistent firm-input-specific productivities because the interaction of (a) and
(b) necessarily implies that the firms add more easily more similar products
to their product mixes. If a firm f has a high productivity to use k in ¢, it
optimally uses k intensively in ¢. If (a) happens in reality, then necessarily f
will have a high productivity to use k in t + 1. If (b) happens in reality, then
f mecessarily adds to it product mix in ¢t + 1 more easily those products that
require k intensively for their production, and (once again) f uses k intensively
to produce them, as it is optimal to do it. Therefore, the products produced by
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f in t and the products produced by it in ¢ + 1 are necessarily similar in their
input mixes, as they are both intensive in k. Therefore, my empirical finding
that the products added by firms in the future have indeed input mixes that
are more similar to the input mix used by firms in ¢ is necessarily attributable
to some extent to the persistent firm-input-specific productivities.

FEconometric models

Fortunately, it is possible to run regressions to assess the empirical validity
of (a) and (b). As for (b), it is possible to run product-specific regressions of
dummies of product addition as a function of ), ¢pr¢ i in order to assess
the empirical validity of (b). If the estimator for the coefficient for ), ¢prdfre
were positive, I could claim to have found evidence consistent with (b), as this
would mean that firms have on average a higher probability of adding products
that are intensive in the inputs for whose use they have high productivities.
Formally, I run the following regression separately for each p:

Dfp,tﬂ = 60,10 + 514} Zk ¢pk¢fkt + Efp,t+1
(13)

Dy 141 equals one if p is added by f in ¢ + 1, and zero otherwise. This
variable is defined on the domain of all the potential new products for f 22.
Parameters ¢, and ¢ were estimated in section 5. Efp 11 is an error term
that is assumed to have mean zero and to follow a pattern of variability and
correlation across firms and products that is directly estimated from data 23.

If 61 is found to be positive for a product p, this would mean that p is added
more easily on average by firms with high productivities for the use of the inputs
in which the production of p is intensive. If this were the case, this evidence
would not be contradictory with (b) above. If this were the case for many prod-
ucts, the evidence would be mostly in favor of (b). I ran a different estimation
for each product. This is why both coefficients in (13) are product-specific.

As for (a), I ran input-specific regressions of the firm-input-specific produc-
tivity of each firm f in material k in year t + 1 (¢ ¢41) as a function of the
amount of k used by f in year ¢ (fi¢). Formally, I ran the following regression:

Grkirr = ok + 01 kMg + Epp 1
(14)

Efr.++1 is a firm-material-year-specific error term that is assumed to have
the same properties as Eyp 41 above. A positive estimator of 6; would mean
that it does happen on average for input k that the productivities of firms to

22Gee section 2 for a definition of the potential new products
23In short, this means that I use the Huber-White sandwich estimator of the variance-
covariance matrix
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use it grow on average as they use it more (by the process of learning by us-
ing). This is exactly what (a) states. If this were the case for many inputs, I
would have found evidence that is generally consistent with (a). I ran a different
estimation for each input. This is why both coefficients in (14) are input-specific.

Distribution of the productivities and of the input-output coefficients

There are two key variables involved in the expressions (13) and (14) that
are not directly observable from data: ¢, and ¢y I found estimators for
them in section (5). Figures 7 and 8 show the distributions of the estimators of
¢pi and @, respectively.

0 02 04

Figure 3. Histogram of estimators of input-output coefficients ¢,. It shows
the percentage of each interval.

The estimators of ¢, and ¢fi; shown in Figures 3 and 4 are both concen-
trated in low values. The distribution is in both cases highly skewed towards
the lowest intervals. There are also some firms and products with intermediate
values of firm-input-specific productivities and input-output coefficients, respec-
tively. Finally, there are a few firms and products with high firm-input-specific
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Figure 4. Histogram of firm-input-specific productivities ¢sy;. It shows the
percentage of each interval.

productivities and input-output coefficients. In summary, the contributions of
inputs to production and the firm-input-specific productivities of firms are both
small in most cases, and there are just a few cases in which inputs contribute to
a large extent to production or firms are very productive at using inputs. This
is qualitatively consistent with the finding from Del Gatto et al. (2006), who
found that productivity has an empirical distribution that can be characterized
as a theoretical Pareto distribution, as this latter is also skewed towards low
values, and exhibits very high values at its upper tail.

Results

I ran all the feasible product-specific and input-specific regressions of ex-
pressions (13) and (14), respectively. By feasible I mean that I ran all those
regressions for which I had a sufficient number of observations. This restriction
allowed me to run 824 product-specific regressions and 194 input-specific re-
gressions, as shown in Figure 5. As the estimators can be not compared across
products and inputs, they are not shown here. Instead, I present in Figure
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5 summary statistics that characterize in each case the distribution of the p-
values for the null hypothesis that the respective true parameter is positive.
More specifically, left column of Figure 5 shows the percentiles and other statis-
tics of the 824 p-values of the 824 test statistics for the null hypothesis that
01, p is positive for the 824 products for which I ran regressions for expression
(13). Analogously, right column of Figure 6 shows the percentiles and other
statistics of the 194 p-values of the 194 test statistics for the hypothesis that
01, k is positive for the 194 products for which I ran regressions for expression
(14).

Positive values of true parameters d,,p and 61, k would constitute evidence
in favor of (a) and (b). The main conclusion from Figure 5 is that this is mostly
the case. More specifically, left column shows that for more than 90 percent of
products the evidence does not allow a rejection of the hypothesis that the prob-
ability of addition is higher for the products that are intensive in the inputs for
whose use firms have higher productivities ((b) above). Similarly, right column
indicates that for more than 75 percent of inputs the evidence does not allow
a rejection of the hypothesis that the firm-input-specific productivities grow as
the respective inputs are used to a larger extent. In summary, the evidence is
mostly in favor of (a) and (b).

p-value for Ho: 6 ;>0 in p-value for Ho: 6,>0 in

expression (16) expression (17)

N 824 194
Mean 0.575 0.367
Standard deviation 0.531 0.329
Percentile 1 0.000 0.000
Percentile 5 0.007 0.001
Percentile 10 0.059 0.009
Percentile 25 0.206 0.054
Percentile 50 0.560 0.272
Percentile 75 0.834 0.636
Percentile 95 0.977 0.986
Percentile 99 0.998 1

Robust errors Yes Yes

L-

Figure 5. p-values of product-specific and input-specific estimators of slopes of
expressions (9) and (10)
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7 Conclusions

This paper uses a random sample of a comprehensive dataset of Colombian
manufacturing firms to analyze empirically the phenomenon of product addition
and its determinants at the firm level. Its main conclusion is that the analyzed
empirical evidence is mostly in favor of the most important predictions of the
theoretical model of product addition and persistent firm-input-specific produc-
tivities proposed in the second chapter of this thesis.

To start, the main regressions of this paper yield evidence in favor of the first
proposition of the model presented in the second chapter of this thesis. Namely,
I found that firms add on average more easily in the future new products that
are more similar to their current production in terms of the input mix, and
that this correlation is stronger in the firms with the highest levels of skilled
labour (proxied by the number of non-production workers). Very importantly, I
found stronger empirical support for the effect of skilled labour on the correla-
tion between similarity and product addition after correcting a possible omitted
variable bias caused by the exclusion of the potential cost. I also found evidence
that the correlation between current similarity and future product addition re-
mains over time. In other words, the current similarity in the use of inputs is
positively correlated with product addition in the future, even 5 years ahead for
the firms with the highest values of non-production workers.

I interpret these results as primary evidence in favor of the key role of the
interaction of firm-input-specific productivities and input-output coefficients as
in the model I proposed in the second chapter of this thesis. More specifically, in
that model, firms accumulate over time persistent productivities to use specific
inputs as they use these inputs in their productive processes, and this allows
them to add more easily in every year products that use those inputs intensively.

In order to establish if the findings explained so far can indeed be attributed
to the persistence of firm-input-specific productivities, I do two additional things
in this work. Firstly, I used a source of exogenous variation in the prices of in-
puts to analyze possible causal evidence in favor of the model proposed in the
second chapter of this thesis, which relies on these persistent firm-input-specific
productivities. Secondly, I used structurally estimated firm-input-specific pro-
ductivities and input-output coefficients to test empirically the validity of the
most important assumption of the model proposed in the second chapter of this
thesis, and also of its main mechanism.

For the analysis of causality I use a generalized unilateral reduction of tar-
iffs to the imports from the U.S. carried out by the Colombian government in
2011. This reduction was deepened in the subsequent years. The model pro-
posed in the second chapter of this thesis predicts that this general reduction
of the prices of inputs should have affected the product addition of different
potential new products by different firms to different extents, given the pre-
change firm-input-specific productivities and the input-output coefficients for
each firm-product combination. The granularity of this prediction allows me to
test for possible causal evidence in favor of the model proposed in the second
chapter of this thesis by running a regression for a firm-product-year dummy for
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product addition that incorporates a structural variable that accounts for the
firm-product-specific effect mentioned above. The estimator for this variable is
negative but it is not statistically significant in the specifications that correct for
possible endogeneity. I conclude from this that there does not exist conclusive
causal evidence in favor of the model proposed in the second chapter of this
thesis.

As for the direct testing of the main mechanism and the main assumption
of the model presented in the second chapter of this thesis, I use structurally
estimated parameters to run regressions whose coefficients capture such mech-
anism and assumption. The results are mostly in favor of the existence of these
latter.

In summary, I find in this paper primary evidence in favor of the explanation
provided by the second chapter of this thesis for the phenomenon of product
addition by firms. Such explanation states that firms add more easily products
that are intensive in the inputs for whose use they have higher firm-input-specific
productivities. As these productivities remain over time to some extent, they
lead firms to produce products that are similar across years in terms of their
input mixes. In order to establish additional and more solid evidence in favor
of this explanation, I carry out a causality analysis and a structural estimation
of key parameters of the model, which I subsequently use also to test directly
the empirical validity of the key mechanism behind such explanation, and of
the main mechanism of the model. This latter task yields evidence in favor of
the model presented in the second chapter of this thesis, whereas the causality
analysis does not yield conclusive results.

The results summarized here can be used to inform the process of design and
implementation of growth policies. This because these policies should aim at
boosting the process of product addition at the firm level, as this would result
in gains in terms of efficiency and growth. If the agencies in charge of promoting
growth decided to effectively boost the process of product addition at the firm
level, they would face the key and non-trivial question of how to do this. The
results found in this paper contribute to answering this question to some extent.

The main findings from this paper can be summarized as follows in terms
of the dimensions that matter for public policies and that may be affected by
these latter: (a) There is path dependence in the process of product addition by
firms, as they move more easily to more similar products in terms of the input
mix. (b) the capacities of firms to use different inputs determine both the paths
chosen by them to expand their product mixes and the speed at which they go
through these paths. (c) Having more skilled labour increases the speed at which
a firm goes through its path, whatever this latter is. (d) Paths are reinforcing;:
if a firm chooses a path of products that are intensive in an input, this decision
makes this firm even more prone to keep going through this path. (e) Given
(d), reaching paths that contain less similar products may take firms longer,
unless their capacities to use the inputs in which these products are intensive
increase because of a reason that is external to the firm (such as a public policy).

Given this context, there are two main courses of action that national and
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sub-national authorities in charge of designing and implementing growth poli-
cies can take. Firstly, they can implement policies that increase the speed at
which firms go through the paths they choose. Secondly, they can help firms to
reach new paths of diversification (through product addition).

In order to increase the speed at which firms go through the paths they
optimally choose, the authorities can do three things. Firstly, they can facil-
itate the hiring of the relevant skilled labour by firms. I found in this thesis
that having more skilled labour in general increases the speed at which firms go
through their optimal paths, but it remains a pending task for each authority to
establish what types of skilled labour are critical in each context. Once this is
done, the authorities can implement programs that subsidize the hiring of these
critical skilled workers conditional on them working on activities that are closely
related to product addition. Secondly, the authorities can implement policies
that help firms to maintain their existing capacities to use inputs to larger ex-
tents. This can be done by improving learning protocols and standardization,
facilitating the spreading of input-specific knowledge within and across firms
and mitigating the losses of knowledge caused by the turnover of production
workers. Thirdly, the authorities can focus their training programmes on iden-
tifying the input-specific capacities of each firm, and then on increasing these
capacities. Product innovation programmes can focus on activities that aim at
implementing new ways of using the inputs identified as critical for each firm.

On the other hand, authorities might be interested in helping firms to reach
new paths of diversification. This might be the case if the authorities identify
key new industries that they want the country to develop for different economic
or non-economic reasons, but that cannot be developed in the desired time hori-
zon with the current state of capacities of firms to use their inputs. In short,
authorities might be interested in helping firms to transit from their current
paths to other "better” paths (whatever "better” means in each context) in
an established time horizon. This thesis suggests possible courses of action to
get this. Authorities can implement policies to increase exogenously the input-
specific capacities of firms to use inputs that they do not use as frequently and
proficiently as others. This can be done by prioritizing the access of firms to
these inputs and their productive experimentation with them in the training
programmes and also in the knowledge and technology transfer programmes.
Partial subsidies to the use of the inputs identified as critical for the key new
industries can be also implemented. This policy should yield tangible results,
as I found that the costs of production are indeed correlated with product ad-
dition, as expected. This thesis does not imply that policies that aim directly
at promoting the development of new products (without focusing on the use of
the inputs that are critical for their production) are incorrect, but only that
focusing on increasing the firms’ capacities to use critical inputs can effectively
help firms to produce those new products.

Path dependence and the intuition that skills determine what paths are cho-
sen by countries and firms and how easily these go through their chosen paths
are not exclusive features of this work. Hausman and Hidalgo (2008), Feenstra
and Rose (2000) and several other authors arrived to very similar conclusions
and conjectures (please see the first chapter of this thesis for a more detailed
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discussion about this topic). However, this work offers more specific findings
by analyzing more granular phenomena, and this allows me to yield more spe-
cific recommendations. Namely, my findings about the existence of persistent
firm-input-specific productivities, their dependence on the actual use of the re-
spective inputs, the effect of skilled labour on their persistence and their effect
on product addition allows me suggest more specific courses of action, as I did in
the previous paragraphs. Future work might focus on analyzing more precisely
what types of skilled labour are critical in each context and what policies allow
firms to maintain and boost their firm-input-specific productivities to larger ex-
tents in each context.
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