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Abstract:

This paper develops two extensions of the dynamic model presented in Melitz (2003). The first
extension consists in the introduction of technology choice between three alternative production
technologies: L, M and H. L is assumed to be the same as Melitz’s single production technology,
while M and H are assumed to be superior production technologies, stemming this superiority from the
fact these technologies substitute the more primitive capital goods used in technology L with newer,
updated versions which embody technological advances, and also from the fact that M and H are more
skill-intensive than L. Technologies M and H are equally skill-intensive, but H still is superior to M
because it incorporates world-technology-frontier capital goods, while the capital goods used in M are
below such frontier. The second extension consists in the introduction of two different exporting
profiles: “Low-Commitment Exporters” —who make the minimum possible investment required to
penetrate export markets- and “High-Commitment Exporters” —who are ready to make additional
trade-related investments to gain additional export sales. In order to preserve the General Equilibrium
approach, an intermediate educational sector is introduced following an approach similar to that of
Kugler and Verhoogen (forthcoming).

The present model shares Melitz’s result that when the economy opens up to trade increased
competition reallocates market shares towards firms with higher idiosyncratic productivity, forcing the
least productive ones out of the market, with the consequence that the productivity threshold to enter
the industry rises and therefore so does average productivity “at the factory gate”. However, other
factors influencing static welfare —variety, additional trade-related fixed investments, transport costs
and the impact of technology choice on average variable production cost- lead to an ambiguous
outcome, which is another difference with the Melitz (2003) model, in which static welfare
undoubtedly increased. The present model also allows for the evaluation of the impact of trade on
dynamic welfare —which increases as the absorption of new technical progress increases-, but yields an
indefinite result in this respect unless additional assumptions are made regarding the distribution of
idiosyncratic productivities and the value of parameters.

It is worth noting that despite the model presented in this paper does not require that the superior
technologies employ imported capital goods —it is only required that the quality of the capital goods
they employ be superior-, if we think of it in terms of the empirics the interpretation that the country of
origin of the intermediate capital goods is determinant of their quality comes naturally —being this
higher the shorter the distance between the technology frontier belonging to the country where the
capital good in question was produced and the world-technology-frontier. This highlights the crucial
influence that a country’s choice of its trading partners may exert over the productivity it will be able
to achieve, and consequently over its growth trajectory.
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1. Introduction

Recent empirical studies on the subjects of growth and convergence have reached the conclusion that
nowadays most of the world’s technical progress originates in a handful of rich leading countries: the
United States, Germany, France, Japan and Great Britain®. Thus, for the great majority of countries
foreign sources of technology account for most of the increase in domestic productivity?, being its
contribution estimated in 90% of the total increase or more®. All this reveals that the path of technical
change at world-wide level is determined to a great extent by international technology diffusion.

However, despite technical progress diffuses rapidly from the countries where it originates towards the
rest of the world through different channels’, it is not immediately absorbed. This observation has
given rise to an abundant literature which intends to explain what causes the different levels and
speeds of absorption of technical progress shown by potential receptors, both at the macroeconomic
and microeconomic levels. This literature has coined the term “barriers to technology adoption” to
reflect the concept that technology transfer is a process which takes place between a source and a
receptor and whose intensity and speed are determined not only by the transmissibility of
technological progress itself, but also by the characteristics of both the source and the receptor of the
technology flow. These barriers can be modeled in many ways and taking different approaches, but
nevertheless the basic underlying idea remains that the potential receptor must possess certain
characteristics to be in grade of taking advantage from such innovations.

Getting to individualize which are these key characteristics is a crucial step towards identifying the
specific mechanisms through which international technology transfer actually occurs and towards
uncovering the reasons why different potential receptors benefit so unevenly from it. In particular, one
of the most important questions posed is why are there so many low and medium income countries in
the world which are permanently lagging in technology, while others satisfactorily follow up the
rhythm of expansion of the world-technology-frontier and remain as a consequence on the technology
lead, even if they are getting most of their technological progress from foreign sources®.

Technology adoption barriers can be modeled in many different ways. One option which has received
considerable attention in the literature relates this concept with a problem which may emerge when it
is allowed that different alternative production technologies coexist. The basic idea behind this
approach is that the technology choice compatible with achieving static efficiency —such that resources
are efficiently allocated in the short run— may not coincide with the technology choice that would lead
to dynamic efficiency —the highest achievable growth—. As a consequence of this, short run objectives
would be in conflict with long run objectives, causing an inefficient equilibrium to materialize. This
suboptimal situation would tend to worsen as time passes and the world-technology-frontier continues
its expansion, widening the gap between itself and the technologically lagging country. This
hypothesis has been explored in the literature both from macroeconomic —country level studies- and
microeconomic —firm level studies- perspectives and some contributions include Caselli and Coleman
(2000), Basu and Weil (1998), Restuccia (2004) and Zeira (1998).

! Eaton and Kortum (1995b). Keller (2001) also include Italy and Canada in this group, so long they are counted among the
seven major R&D producers in the world.

2 Keller (2000, 2004), Eaton and Kortum (1995a, 1995b, 1997), among others.

% Keller (2004), Eaton and Kortum (1995b).

* One of the most important technology diffusion channels mentioned in the literature is international trade, particularly trade
in capital goods, whose relevance has been confirmed by various empirical studies, such as Eaton and Kortum (1997, 2001)
and Coe, Helpman and Hoffmaister (1995). The underlying idea when considering trade as a vehicle for the transmission of
technical progress is that goods embody the best technology available in the place and time of their production, which in turn
determines that goods produced in countries whose national technology frontier is closer to the world-technology-frontier be
superior in quality (compared to goods produced in countries whose national technology frontier is farther from the world-
technology-frontier). When referring to intermediate capital goods in particular, superior quality is usually interpreted as
greater efficiency when used in production.

5 Eaton and Kortum (1995a, 1995b) find that, except for the United States, all OECD countries derive almost all of their
productivity growth from foreign sources of technical progress. According to their estimations, even the United States, which
is the world’s main R&D producer, derives more than 40% of its productivity growth from innovations occurred abroad.



The monopolistic competition model presented in Melitz (2003) —which will be used as a departing
point for the construction of the present model-, is not itself a model “of appropriate technology” as it
assumes the existence of a single production technology common to all firms. Nevertheless, it
provides an innovative element to approach the concept of barriers to technology adoption: the
idiosyncratic productivity of every firm. In Melitz’s model all firms use the same production
technology but are heterogeneous in terms of their idiosyncratic productivity, being this heterogeneity
modeled through an exogenous productivity distribution, of which every individual idiosyncratic
productivity parameter is a realization. As a consequence of this heterogeneity, both in the closed as
well as in the open economy settings, the model reaches an equilibrium in which differently
productive firms obtain different results, corresponding in both cases higher market shares and profits
to more productive firms. The concept of heterogeneity in the idiosyncratic productivity taken from
Melitz (2003) will be key to modeling the choice between alternative production technologies and the
barriers to the absorption of technical progress in the present model. It will also be central to modeling
firms’ market strategy choice.

An important thing to consider in more detail on reaching this point is the role of human capital and
the specific ways in which it is incorporated into models with technology choice and barriers to
technology adoption. The idea of new technologies being complementary with human capital has been
extensively explored in the literature®, and has had an impact on the approach to thinking and
modeling human capital in the present context, growing farther from the quantification and analysis of
the impact of human capital in itself —attempting to isolate it-, and paying increasing attention to the
interaction between human capital and technical progress. Bustos (2005) incorporates this concept into
a model of monopolistic competition with firms that are heterogeneous in their idiosyncratic
productivities & la Melitz. In her model firms must choose between two alternative production
technologies: a modern technology —which uses updated capital goods and is intensive in skilled labor-
and a traditional technology —which uses more primitive capital goods and is intensive in unskilled
labor-. Firms also have to decide whether to export or serve only the domestic market. Working with
data from Argentinean industrial firms during the trade and capital account liberalization process
undertaken by the country in the early 1990s, she finds empirical support for the hypothesis that
technical change is skewed towards technologies that are complementary with human capital.

2. Basic Assumptions of the Model’
There are two sectors in the economy: a final goods sector and an intermediate educational sector.
2.1 Educational Sector

In the context of the model, education is conceived as an intermediate good, which is produced in
Perfect Competition to be used as an input in the production of the final good. The producers of this
intermediate good are the unskilled workers, in response to the relative demand for skilled and
unskilled labor from the final good producers. It is assumed that all workers are equally capable for
studying, and that this activity does not yield the worker any additional utility or disutility, beyond
income gain and loss.

The education production function, which transforms unskilled labor into skilled labor, is:
Foluc)= (1)

where u is the number of unskilled labor hours devoted to studying that are required to produce an
hour of skilled labor, and c>1 represents the level of difficulty of the learning process. Thus, in order
to produce an hour of skilled labor with skilled level ¢, ¢ hours of unskilled labor are required.

® Bartel and Source (1987), Acemoglu (1998, 2003) and Krusell et. al. (2000) among others.
" This model builds on Melitz (2003) and also incorporates some key elements from Bustos (2005).



Letw; . (c) be the price of an hour of labor with skill level c. Assuming the producers of the final good
are price takers in the skilled labor market, in equilibrium its price equals its marginal production cost:

C=W,
For simplicity, the existence of a single level of attainable qualification is assumed, so that the division
of labor according to its quality reduces to two categories (skilled and unskilled). This allows to
simplify notation by defining w;(c) =c.
2.2 Final Goods Sector

Demand

It is assumed that the demand side is characterized by a representative consumer with CES preferences
over a continuum of varieties of good q:

1
N . e
v =[fy q@edi]’ )
where N is the number of available varieties indexed by i. These varieties of good g are substitutes,
implying 0 < p < 1 and an elasticity of substitution between any two goods of ¢ = (1;) > 1.

Using the well known derivation by Dixit and Stiglitz (1977), the set of available varieties is modeled
as an aggregate good Q = U whose aggregate price is:

1

P=f p)y-odi|™ 3
As usual, consumers maximize their utility subject to the budget constraint:
Jy p(Dq(@Ddi = E (4)

where p(i) is the price of variety i and E is total expenditure in good g. This process yields the
demand for each variety:

() = £(22) (5)
Optimal consumption and expenditure decisions for individual varieties are then given by:
N JONIM
9@ =0 (%) (6)
N\1-0
r(0) =R (22) 7

where R = PQ = fONr(i)di denotes aggregate expenditure.

Production

The market structure is Monopolistic Competition, with a free entry condition and a la Melitz (2003)

heterogeneous firms8, each of whom produce a different variety. Technology choice is modeled
following the approach in Bustos (2005), but here the set of alternatives is extended to include three

8 Melitz’s heterogeneity can be interpreted either in terms of “quantitative differences” —producing a symmetric variety at
lower marginal cost- or in terms of “qualitative differences” —producing a higher quality variety at equal cost-.



distinct options, with the purpose of making it possible to evaluate the impact of different-quality
technologies while holding skill-intensity constant. Each technology features a constant marginal cost
(c), which reflects the payments to two types of labor used in fixed proportions, skilled (S) and
unskilled (U), and a fixed cost (f), which in turn reflects the cost of the machinery needed for
production.

Entering production with technology L involves the lowest fixed cost because it implies the usage of
an inferior (older, more primitive) technology, embodied in machines that are assumed to be therefore
cheaper than the higher-quality machines used in the other two technologies, M and H. On the other
hand, using technology L implies facing a higher marginal cost than those corresponding to
technologies M and H. The reason is that technology L employs the highest proportion of unskilled
labor, which despite earning a lower salary than skilled labor, is also less productive, which brings
about the overall result of a higher marginal cost in this technology relative to technologies M and H.

Adopting technology M involves facing a fixed cost which is higher than that needed to begin
production with technology L, but lower than the fixed cost needed to acquire technology H, as the
machines it uses for production embody an intermediate-quality technology, not as primitive as the
one employed in L, nor as advanced as the one required by H®. Technology M is more skill-intensive
than technology L, which means that it has a lower associated marginal cost.

Finally, adopting technology H implies paying the highest fixed cost, as this technology employs
machines which embody world-technology-frontier technology, which are assumed to be the most
efficient and expensive. Regarding the marginal cost, technology H features a novelty: despite having
the same degree of skill-intensity as technology M, it still achieves a lower marginal cost due to a
“productivity enhancing effect” brought about by the superiority of the machines used. Put in other
words, equally skilled workers exhibit higher efficiency when working with H-type machines
(compared to M-type machines), because these allow for a more efficient use of labor in general.

With a minor modification, Bustos (2005) Total Cost function allows to accommodate the three above
outlined technologies:

TCr(p)=fr+cry . T=LMH (8"

where:

= ¢ > 0 indexes idyosincratic productivity

* fi<fu<fu

">y > cg

" oc=ay +W_iaLS

where w,, is the salary paid to unskilled workers and wy is the salary paid to skilled workers.
cy =ayy t LiaMs

bemg = 2LS a5 technology M is more skill-intensive than technology L.
MU L

" p= [aHU +-— aHS] [aMU +— aMS] (1 —-ay)
because ayy = ayy and ayg = aMS . That is, technologies M and H are equally skill-intensive,

remaining the only difference between them the “productivity enhancing effect” 0 < ay < 1,
which stems from the superior quality of the technology embodied in H-type machines and has an

Qms

® The underlying idea is that technology M employs updated capital goods, but coming from countries which are below the
world-technology-frontier.

0 The Total Cost function could be alternatively reformulated as TCr(¢) = fr + where Ay = 0 represents the

1
L . . . . . PQ+Ar) .
proportion in which the quality of the inputs used in technology T enhances idiosyncratic product|V|ty and thus contributes to
an increase in overall productivity (and to a decrease in total cost). Normalizing ¢, = 1 and 4, = —— 1 = 0 (meaning that
for firms using technology L overall productivity equals idiosyncratic productivity), we have /1L < Ay < Ay because
cy <cy <cp.



homogeneous enhancing effect on the productivity of both skilled and unskilled labor*. This
results in ¢y being lower than c,,;. Normalizing w,, = 1 like in Melitz yields % = w;.

u

3. Closed Economy Setting

The assumption of CES preferences leads to all firms facing residual demand curves with constant
elasticity ¢ and consequently choosing the same profit maximizing constant markup :%1 =% over

marginal cost. This results in the following exprssions for technology-specific price, quantity sold,
revenue and profits'%;

pa(p) = %C;T )

a5(@) = EP7~ (p ﬁ)a =EP7™! (pgtw)) (10)
) g-1

i (0) = pE(@)af () = E (P 2) (1)

ni (@) =213 (p) — fr == E(Pp %)H —fr (12)

It is important to note that the ratios of any two firms’ outputs and revenues depend both on their
respective idiosyncratic productivities and on the production technology used by each:

a(p1) a\ i (91 AN

94 (P1 cT Ta (P1 cT

=\ % and = | % 13
ag (92) (%) rd (2) (%) 13)

The following conclusions are readily obtained from the above expression:

e For any two firms producing with the same technology (T = T'), the most productive one will
charge a lower price, consequently achieve larger output and revenues, and earn higher profits
than the other, less productive firm®,

e For any two equally productive firms (¢, = ¢,), the one using a superior technology will
charge a lower price and thus achieve larger output and revenues than the other, less
productive firm.

3.1 Entry, Exit and Technology Upgrading in the Closed Economy

Prospective entrants to the industry are required to make an initial fixed investment £,/ > 0 in order to
learn what their idiosyncratic productivity is. This is modeled like in Melitz (2003) as firms drawing
an exogenous productivity parameter ¢ from a common distribution g(¢) which has positive support
over (0,) and has a continuous cumulative distribution G(¢). Entry sunk costs are technology
specific, that is, a firm must pay £, to begin production with technology T, being il < fM < fH.
However, firms do not know their productivity parameter by the time they have to pay the entry cost,
and so they do not know which of these entry costs will correspond to them, not even if they will
successfully enter any of the three available technologies at all. Nevertheless, even though they do
have to pay “an” entry cost in order to be able to learn what their idiosyncratic productivity is, they are
allowed to pay “any” entry cost, so long when they finally discover which technology they will

11 |f the “productivity enhancing effect” is zero then there is no difference between technologies M and H and thus the model
reduces to Bustos’ case, with only two distinct technologies. If the “productivity enhancing effect” is one then then it is so
strong that drives the variable cost in technology H to zero.

12 The subindex “d” stands for “domestic market”.

13 This conclusion is shared with Melitz (2003).



effectively enter, they will pay up the amount needed to cover any resulting cost gap —if such
technology happens to have a higher entry cost than that already paid by the firm. Thus, the rational
thing to do on the part of any prospective entrant is to sink the lowest possible entry cost (f), because
if it does not enter the industry, it suffers the minimum possible loss, and at the same time, if it
becomes a successful entrant, it does not risk ending up paying a greater entry cost than necessary™*.
Unsuccessful entrants are those whose idiosyncratic productivity is too low to be compatible with their
making nonnegative profits, and consequently they will immediately exit without ever producing. On
the other hand, successful entrants will face from the moment they start production a probability & in
every period of being hit with a bad shock which will put them out of the market, which is constant
across productivity levels. Summing up, a firm will either exit immediately upon entry or otherwise
produce and earn it (¢) > 0 in every period until it is hit with the bad shock and forced out of the
market, which yields the following firm’s value function:

vE(9) = max{0, NE2o(1 - )¢ nf (9)} = max {0,575 ()} (14)

The threshold ¢35 = inf{e:v](p) >0} identifies the lowest idiosyncratic productivity level
(Melitz’s “zero cutoff productivity level”) firms need to have in order to make nonnegative profits
when producing with technology T. It is also possible to define some @7 = @7 which stands for the
minimum idiosyncratic productivity level for which it is convenient for the firm (in terms of
profitability) to use technology T. Therefore, @7 is the lowest idiosyncratic productivity level of firms
actually using technology T (the “effective cutoff productivity level”). Note that for T=L we have
@1 = @1 . Because the only exit process affecting the equilibrium idiosyncratic productivity
distribution u(¢) is that occurring immediately upon entry, such distribution u(¢) is just the original
distribution g (¢) conditional on successful entry:

9(@) . *
T S ezer
u(p) ={'e@) (15)
0 if o <op
The ex ante probability of successful entry to the industry —that is, entry into technology L “or
superior”®- is denoted p5M*H =1 —G(p;) and defines the industry average idiosyncratic

productivity level @ = @* (the mean idiosyncratic productivity of all producing firms, no matter if
they are using technology L, M or H) as a function of the cutoff level ¢ :

¥ For example, if the firm decided to sink £, it not only risks a greater loss if it never successfully enters the industry at all,
but also risks paying (M — £F) extra if enters technology L. The same reasoning is valid (and intensified) if the firm decided
to sink £, Therefore, if the firm decides to take the chance to try to enter the industry, it will always sink f;L. However, the
“real” entry cost it will pay if it turns to be a successful entrant is £, = £F + pl, (£T — f.I) because once the firm has entered
the market and drawn its productivity parameter from the distribution g(¢), it will immediately decide one course of action
out of four:
e Exit immediately and never produce (if ¢ < ¢;), in which case it loses the amount £ it had already paid.
e  Start production with technology L (if ¢; < ¢ < ¢y,), in which case the fixed (entry) cost remains the already paid
amount f.L.
e Switch immediately to technology M (if @3, < ¢ < @};), in which case the fixed (entry) cost escalates from f- to
M (the firm must add up to its initial payment the amount £ — £.£).
e Switch immediately to technology H (if ¢ > ¢j},), in which case the fixed (entry) cost escalates from £l to £ (the
firm must add up to its initial payment the amount £, — £1).
15 This stems from the assumption that technology L is equivalent to the single production technology specified in Melitz
(2003). This means that this model preserves that technological option, while it introduces two additional options,
technologies M and H, which are “more advanced” and require higher entry productivity levels. As a consequence of this, a
firm which is unable to produce profitably using technology L, will be equally unable to produce profitably using
technologies M or H as well, while the converse is not true: a firm that can produce profitably using technology H will also
be able to produce profitably using either technology M or L, and a firm that can produce profitably using technology M will
also be able to produce profitably using technology L, while we cannot assure that it will be equally able to produce
profitably using technology H (it may or may not be able to produce profitably using technology H).
Therefore, we can affirm that pL*H = 1 — G(¢;) is the probability of successful entry into production with one of the
available production technologies: either L or M or H, and thus it is the probability of successful entry to the industry. This
pL+M+H js conceptually equivalent to the probability of successful entry in Melitz (2003).
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Analogously, it is possible to determine the mean idiosyncratic productivity of the group of firms
using technology “M or superior” (that is, M or H), denoted by @ , as a function of the threshold for
the adoption of technology M, ¢,,, as well as the mean idiosyncratic productivity of the group of firms
using technology “H or superior” (that is, H), denoted by @*, as a function of the threshold for the
adoption of technology H, ¢j;:

1

" @in) = [y o, 09| )
and
7" @i = |t I 07 1g(<p>d<p] (18)

Calculation of the average idiosyncratic productivity level corresponding to each technology T
requires taking into account both the threshold for the profitability of the adoption of such technology
as well as the threshold for the profitability of the adoption of the immediately superior technology:

1

#1010 0w) = [ o 0o g ()| (19)
Pu@in o) = |t S 0o @) | (20)
Puoi) = ") = [ for 0”9 @y

The ex ante probabilities of successful and profitable entry to technologies L, M and H are
respectively pi, = G(¢3) — G(¢7), pin = G(pp) — G(py) and pf, = 1 - Gg)."

In order for the thresholds for adopting each of the three available production technologies to lie in the
desired order (¢; < @y < @p), it is required that the gain obtained by a firm with a given
productivity level ¢ when switching to a superior technology be smaller “in proportion” to the
increase in the fixed cost it simultaneously faces. That is, the neat gain a firm experiences when
switching from M to H must be smaller *“in proportion” to the gain it experiences when switching from
L to M (see Appendix A).

Since each of these average idiosyncratic productivity levels @, is completely determined by the
minimum idiosyncratic productivity level for which it is convenient for the firm (in terms of
profitability) to use technology T (¢7) and that corresponding to the profitability of adoption of the

16 Exactly as it happens in the Melitz (2003) model, the assumption of a finite ¢ imposes certain restrictions on the size of the
upper tail of the distribution g(¢): the (¢ — 1)th uncentered moment of the upper tail must be finite.

7 Note that @7 (%, @%.1) = @7 (@3 only when T=H, while the same is not true for technologies L and M. The reason is
that H is the best technology available (there is not a technology “superior” to H, that is, when T=H there is not a T+1
technology, and consequently we assume in that case G(¢7,,) =1, meaning we have reached the upper tail of the
productivity distribution. Also note that these ex-ante probabilities of successful entry to each technology (p!,, T = L, M, H)
are calculated directly from the original distribution g(¢) instead of the modified distribution p(¢) because at this stage
(attempt of entry to the industry) all firms (including those who will eventually not succeed) are taken into account. Thus, for
the sake of calculating these probabilities the relevant distribution is g(¢), not u(¢).



immediate superior technology (¢3.,)*, then the average profit and revenue levels corresponding to
each production technology are also linked to these thresholds:

~ x % g-1
7 =1f(@p) = (PELER) r(ph) T=1MH (22)

_ - ~(*’*)U—1T(*)

Ty = mf(pr) = (PEZE) IR fy T=1LMH (23"

But these thresholds ¢ are in turn linked to the cutoff idiosyncratic productivity levels corresponding
to technology T (¢717):

. _(or ifT=1L

(pT_{(p:;‘*‘l‘g lszM,H e>0

This allows a generalization of a central relation in Melitz (2003) to also hold in the technology choice
framework, namely that the “Effective Cutoff overall Profit condition for technology T” (ECPT) -
which in the autarky setting coincides with the “Effective Cutoff domestic Profit condition for
technology T” (ECPY)- pins down the revenue gained by each technology’s effective cutoff firm® and
consequently implies a relationship between the average profit per firm using technology T and the
cutoff idiosyncratic productivity level for the adoption of technology T:

ni(ep) =47 o rilep) =o(di+fr) o 7f=ALh{(er) + frid(er) (24)

ok x o-1 ok k o-1
where hf, = [W‘p;—‘f”“)] kD (p3) = [%] —1and A% > 0 is the profit gained by the
T T

least idiosyncratically productive firm using technology T (a constant).?* Note that when T=L, then
oy =3 and so mh () =0 (that is: AT = 0). Consequently in such case 7 (¢3) = ofr and
=T _ T *

g = frka(o7).

The other Melitz (2003) central relation, the “Free Entry Condition” is also generalized for the
technology choice framework. Even though its formulation is more complex now because of the
existence of alternative production technologies, its essence does not change: the expected value of
profits in the market must be zero.

The expected value of the profits a firm will earn if it successfully enters the market is a weighted
average of the average profits it would obtain in each technology T, with the probability of entering
each of the different available technologies —conditional to having successfully entered the market-
acting as weights.

The present value of the average profit flow of the firm using technology T in the closed economy
conditional on successful entry is also the average value of firms using technology T in the closed
economy, and is given by:

8 |f T=L then T+1=M, if T=M then T+1=H, if T=H there is no T+1 technology available (H is the best available
technology).
1

19 For easier derivation of equation (22) recall equation (11): 7} (¢) = ;rf((p) - fr.
20 The “effective cutoff firm” for technology T is the least idiosyncratically productive firm actually using technology T.
2 Since @3 > @i and 7] (@) =0, then we know 7] (@3 ) > 0. We already know as well that 7} = 7} (@) =
(arww;ﬂ))”‘l en) _ f
o7 4 r

Replacing r3(p3) = o(AL + fr) in this equation we obtain
Pr@rere)\ ! orlor i)
7§ = my(py) = Af (PO fy (TEEI) =

~ [ g-1 = [ o-1
= af (2o g [(PrCb0R)) g — ATT(0}) + £k (o).
T e




75 = Xio(1 - 6)' 7l = 57} (25)

The net value of entry to the market is then the average profit the firm will earn if it successfully enters
the market (the expression between braces) multiplied by the probability of being a successful entrant:

Ve = piIF1+M+H{ LP;I,I?J,H VdL + L?:\EIW (VdM —(feM - feL))JrLE;Ml:m(vdH _(feH - feL))}_ feL

Pin Pin Pin (26)

If this value were negative, no firm would ever enter the market. If it were positive, entry would be
infinite. Consequently, the Free Entry Condition requires that v, = 0.

After entering the market, firms whose idiosyncratic productivity is high enough to adopt technologies
M (¢ = @p) or H (¢ = ¢j;) will only do so if this upgrading allows them to obtain larger profits than
producing with technology L, after paying up the difference in the entry cost. Taking into account that
profits in each technology T are increasing in ¢, the two “Technology Upgrading Conditions” (for M
and H, respectively) are given by:

7y ((PKA )— g ((PKA )= f — fo (UP1)

‘ﬂ-c'i_' ((D; )_ﬂ-(li_(@; ): feH - feL

These two conditions, which did not appear in Melitz (2003), are represented in Figure 1. The profits
of the individual firm in each technology T for each idiosyncratic productivity level ¢ are in turn
represented in Figure 2.
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3.2 Aggregation Conditions in the Closed Economy

Assuming the industry is comprised of Z firms, there will be a proportion of % firms using technology

L, a proportion of % using technology M and a proportion of %firms using technology H. L + M +

H = Z, meaning all incumbent firms in the industry must use one —and one only- of the three available
production technologies. Industry average idiosyncratic productivity @ is a weighted average of the
firms’ idiosyncratic productivity levels —with firms’ output shares as weights- and is independent both
from total firm population Z and from the proportions of firms using each of the three available
technologies, though it will be useful to disaggregate the integral into three smaller ones, according to
the thresholds for upgrading technology®*:

~o-1 _ (® o-1 _L oM -1 M PH o-1 H o 51 —
¢ = Jy o7 ul@dde =2 [ ot ul@)de + 7 [ 07 u(p)de + 5 . 07 ulp)de

L . o-—1 M . o—1 H . _
=20 t7Pu 4‘;‘/’14(I ! (27)

where ¢j is the idiosyncratic productivity threshold upon which it becomes profitable for the firm to
have positive production with technology L, ¢j, is the idiosyncratic productivity threshold upon which
it becomes profitable for the firm to drop technology L and adopt technology M instead, and ¢y, is the
idiosyncratic productivity threshold upon which it becomes profitable for the firm to drop technology
M and adopt technology H instead.

In such autarkic equilibrium, the aggregate price, quantity, revenue and profits can be re expressed as
(proof in Appendix B):

1
P = [Lps(@) 7 + MpY (y)*~° + Hpf ()t 0] (28)
1
Q =[Lqi(@.)" + Mql (@m)* + Hqll (§x)P]° (29)
R = Lrf (@) + Mr)(@y) + Hr} (y) =R, + Ry + Ry (30)

22 Recall that knowing these proportions is not a necessary condition for the calculation of ¢, which had already been
obtained solely from g(¢) in combination with ¢;.



I = Lak(@,) + Ma (¢y) + Hel (¢y) = T, + Ty, + 1y (31)

The average price, quantity, revenue and profits in this industry in the closed economy setting are

obtained as a weighted average of the price, quantity, revenue and profits of each technological
23

group:

1

_ P Lok )10 + X pM (g, 10 4 By (g, y1-o|=e
Pa="T = ZP4(@0) 7 + S0 @) + 20l (@) | 2
1-0o
1
B L ~ M ~ H ~
Ga =% = ;040" + 7 a @) + 70l Gn)*]’ )
yAS
B R L _ M - H ~
fa= 5= Erj((pL) + ;Téw((PM) + ;rgl(fpﬂ) 349
B m L - M ~ H ~
T =7 =77a(@) + 77 (Pu) + 774 (Pn) )

3.3 Determination of the Equilibrium in the Closed Economy

The three “Effective Cutoff Profit Conditions” (ECPT) can be substituted into the equation of the
average value of firms using technology T, which in turn enter the “Free Entry Condition” (FE). This
last condition is therefore expressed as a function of the idiosyncratic productivity thresholds a firm
needs to reach to effectively enter each technology T:

PV (€0E,(/7*M )+ Pi l(vdM ((PKA o )+ fo — )J+ pi |_(\7dH (40; )+ fo — fo' )J— fo =0 (36)

Equation (36) toghether with the two “Technology Upgrading Conditions” (UP1 and UP2) form a
system with three equations and three unknowns, whose resolution yields market equilibrium.
However, it is not possible to determine in this general formulation whether the system reaches an
equilibrium (or multiple equilibria). In order to answer that question, a particularization of the problem
is required, by making additional assumptions regarding the shape of the productivities distribution

g(@).

3.4 Analysis of the Equilibrium in the Closed Economy

In case an equilibrium exists, as we are focusing in steady-state equilibriums, not only the number of
successful new entrants p2tM*#z, —where Z, is the total number of new entrants- must exactly
replace the §Z firms who are hit by a bad shock and exit (this is the Aggregate Stability Condition:
phtMHH7 = §Z), but furthermore, the number of successful new entrants into each technological
group needs to exactly replace the number of failing incumbents amongst the same technological

group, so that all aggregate variables remain constant over time:

pinZ. = 8L © [G(pi) — G(p})]Z, = 6L (37)
pinZe = 6M o [G(pf) — G(oi))Z, = M (38)
piZ, =6H o [1 - G(p;)]Z, = 6H (39)

where pfyZ, + piaZe + piiZe = piiM*HZ, and 6L+ 6M + 6H = 6Z.

Because both the successful entrants and failing incumbents draw their idiosyncratic productivity from
the same exogenous distribution g(¢), and besides the probability of suffering the negative shock that

2 These “theoretical” averages are calculated just in order to provide a rough measure of the industry’s “per firm
performance”. They need not coincide with the price, quantity, revenue and profits of any particular firm.
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will put the firm out of the market is the same for all active firms (whichever their idiosyncratic
productivity and production technology), neither the equilibrium distribution u(¢) nor the proportions
of firms belonging to each technological group are affected by this firms’ turnover.

In each technology, a fraction of total labor employed —skilled and unskilled- is used for production
purposes —by all active firms- and the rest is used for “setting up the business” —by new entrants-:

(Ur +S7) = (Ur + Sr)p + (Ur + S7)e T=LMH (40)

where (Ur + Sr), and (Ur + Sy). represent, respectively, the aggregate labor used in production

technology T for regular production (by all incumbents producing with T) and setting up the bussiness
(by new entrants to technology T).

Because the unskilled labor wages are normalized to 1, the payments received by such workers
coincide with the number of hours of unskilled labor used in production. On the other hand, the
educational sector establishes a fixed correspondence between both types of labor and their wages,
depending on how many hours of unskilled labor are required to produce an hour of skilled labor.**
Finally, all fixed costs are expressed in labor units. Because of all this, all costs can be expressed in
terms of unskilled labor hours.

Let Z, be the number of new potential entrants, who pay the lowest sunk market entry cost, X, and
phM*H7 = 7 = L+ M + H be the total number of firms active in the market. Of these last ones, L
is the number of active firms who produce using technology L, M is the number of active firms who
produce using technology M and H is the number of active firms who produce using technology H.
Therefore, like in Melitz (2003) total effective utilization of unskilled labor (or equivalent) by the
mass of active firms (Z = L + M + H) equals the difference between total income and profits by the
final good producers:

U, = (LR + MM + Hi' )= (Lzs + Mz + HEZl )=R-TI 1)

The Free Entry Condition and the Aggregate Stability Condition (p="*#Z, = §Z) together yield
the result that the sum of total profits in the final good market must match the total amount paid for
entry by all potential entrants (both successful and unsuccessful), which in turn equals the total
number of unskilled labor hours (or equivalent) used in business setting up activities (proof in
Appendix C):

Ue :Ze feL + pi'\r<I Ze(feM - feL)+ pi;{ Ze(feH - feL) =TI (42)

Thus, the unskilled labor market clearing condition is that the total effective unskilled labor hours used
(directly or indirectly) by final goods producers plus the effective unskilled labor hours used (directly
or indirectly) in business setting up activities equal its total offer:

U=[R-TI|+[zo th+ M Z, (FM = £5)+ pH Z, (17 - 15)]=R @)

This is also the final good market clearing condition: workers’ total income (which they spend entirely
in consumption of the final good) equals total income of final good producers.

On other grounds, welfare per worker is given by: W = 1= } . Therefore, the present model
P

Zi-op
shares with Melitz’s the result that the number of incumbent firms —and thus, of available varieties-,
increases proportionally with country size, resulting in higher aggregate welfare:

plL pM pH
HZU_LJr_U’\':' +U_H=R_d+—Rd +R:LL=L+M+H=Z (44)

= T oL o “H T oL oL
g Iy Iy Iy Iy My My

24 In other words: total payments of the final good producers for skilled labor are equal to the cost incurred by the skilled
workers in terms of unskilled labor hours dedicated to studying.
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Another important result of Melitz’s model which continues to hold in the present context is that the
rest of the key variables are independent from country size, that is: @3, @7, i and 75 (T=L, M, H), as
well as @, 7; and T, do not vary with country size. However, even if technology L were identical to
Melitz’s single production technology and the idiosyncratic productivities distribution g(¢) were also
the same in both models, the threshold for entry to the market will still be higher here than in Melitz
(2003), because of the additional fixed costs firms face when they upgrade technology. This will
determine a higher idiosyncratic productivity. Besides, even if average idiosyncratic productivity were
the same in both models, average revenues and profits would still be larger in the present model, due
to the productivity gains stemming from technological improvements and labor skills.?

4. Open Economy Setting

Opening the economy to trade implies both modeling exporting behavior and taking into account the
competition coming from foreign goods sold in the domestic market. The basic traits of the Melitz
open economy environment are maintained: the home country can trade with n > 1 other countries, all
of them assumed identical to it so as to ensure they all share the same input costs for each technology
T and the same aggregate variables. Exporting firms face two types of trade related costs: a variable
“iceberg” cost —capturing mainly fleet and tariff- and a fixed cost —representing the investment needed
to penetrate export markets-. The decision regarding export status choice takes place once the firm has
already drawn its productivity parameter, and there is no additional uncertainty.

We depart from this benchmark setting by dividing exporting firms into two subgroups according to
their “level of commitment” with the export markets. Firms can now choose between three alternative
market strategies: they can serve the domestic market only, or they can otherwise self-select into the
export markets in two different ways, one “more accessible” and the other “more demanding”?. The
“accessible” export status is achieved by incurring the minimum fixed cost indispensable for the firm
to enter the foreign market. Firms who follow this strategy are called “Low-Commitment Exporters”.
Achieving the “demanding” export status involves making an additional investment —beyond the
minimum fixed cost indispensable to begin exporting-, in order to gain a greater market share in the
foreign market?’. Firms who follow this strategy are called “High-Commitment Exporters™?. The per

% It can be proved that 7, will always be higher in the present model, because the average variable cost is undoubtedly
lower than in Melitz (2003). Recall that in the Melitz (2003) model every incumbent firm —whatever its productivity ¢- uses

production technology L, obtaining profits 75 (¢). Thus, average profits in such model are given by yerie; = %né(@) +

%né((ﬁM) +§T[é(¢H)- Instead, in the current model any firm whose productivity surpasses the threshold ¢y, will find

k(@) < ¥ (p)and will consequently switch to technology M, while any firm whose productivity surpasses the
threshold ¢j; will find 7} (p) < 7 () and will consequently switch to technology H. Thus, in equilibrium only those

incumbent firms with productivity below ¢, (a proportion % of total firm population) will be getting profits 7% (¢), while
those for whom ¢, < @ < @y (a proportion % of total firm population) will be getting profits = (¢), and those with
@ = @y (a proportion g of total firm population) will be getting profits / (¢) -bear in mind that the proportions % , % and g
depend solely on the equilibrium productivity distribution, u(¢), and the value of parameters-. Consequently, in the current
model average profits are given by Tscpmiar = %né (@) + %nfy (@) + gn{; (@) which readily yields Tscpmiar > Tmetitz-
% Because of the presence of simplifying assumptions, in the model the individual firm can always expand its sales if it is
capable of reducing its production cost or rising the quality of its variety enough. Both things are achievable by means of
technology upgrading. However, in empirical analysis (to whose aid the model is intended) limitations in domestic market
size pose a problem which is necessary to bear in mind in relatively small economies (like Argentina). Taking this into
account, the purpose of modeling two distinct export strategies is to capture the intuition that a firm that faces a reduced
domestic market can overcome the limitation this imposes to the expansion of its sales by engaging into trade.

2 This additional investment can be understood in terms of extra advertising expenditure, the creation of better distribution
channels, better postsale service, etc.

28 On reaching this point it will be useful to remember that differences in productivity, both idiosyncratic and overall, can be
interpreted either as differences in the costs associated to the production of goods of similar quality, or as differences in the
quality of goods produced at the same cost. For convenience in the current context, the second interpretation (quality
differences) will be adopted. We will then consider that “High-Commitment Exporters” incur a fixed cost which is superior
to the minimum required fixed cost to begin exporting, in order to carry out certain activities in the export market with the
purpose to induce potential buyers to choose their variety from among all the available varieties. As in terms of the model,
sales —given the price- only increase as product quality increases —which in this context is the same as saying “as firm’s
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unit trade iceberg cost captures mainly fleet and tariffs and is the same for both types of exporting
firms.

Analytically, the trade costs faced by exporting firms are:

o “Low-Commitment Exporters”: the fixed export cost faced by these firms is denoted by
fercx > 0, while the per unit export cost is T > 1.

e “High-Commitment Exporters”: the fixed export cost faced by these firms is fopcx > feicx »
while the per unit export cost is once again t > 1.

Domestic price remains a constant mark-up over marginal cost, and firms pass on the additional
variable costs incurred in export sales to foreign consumers. Thus, the firm’s pricing rule for the
export markets is given by:

P =y paimy ~ mepoPe L= lohe (49)
where f3; stands for the “effects of the additional trade-related fixed investments” made by type i
exporters. Therefore B8, = 0 —because “Low-Commitment Exporters” do not make any additional
investments to foster export sales- and 0 < 8, < 4, being A a positive finite number —because
“High-Commitment Exporters” do make some additional investments to increase their exports, which
are assumed not sterile, but nevertheless neither unlimited-. This means each firm may simultaneously
set two different prices:

o Domestic price (p])
e Export price (p7.)

It is important to note that since export costs —fixed and variable- for each export profile are assumed
equal across countries, then a firm will either export to all countries —and with the same level of
“commitment”- in every period or never export at all.

o g
Quantity sold in the domestic market still is g5 (@) = EP°~1 (pcﬂ) =Epo1 (thp) while
T d

g
per export

. . . . T _ o—1 (p(1+,81) g _ 0-_1<
quantity sold in the foreign markets is q;,(¢) = EP (p T ) =EP @)

destination. Therefore, total quantity sold depends on export status:

q'(p) =
[ q5 (@) if the firmis a "Non — Exporter"
5@) + nal(@) = [1+0(555) Jai@) = [L+nr10(0)
{ if the firmis a "Low — Commitment Exporter" (46)29

) Jai@) = [14n (%) |ai@)

if the firmis a "High — Commitment Exporter"

T T — T
l 45 @) + nafeclp) = 141 (5

overall productivity increases”-, the specific purpose of this additional fixed investment is to make potential buyers in the
foreign market perceive the firm’s variety as better quality. Such increase in quality may be real —e.g.: due to better
distribution channels or postsale service- or immaginary —e.g.: due to smart advertising-, but its effect in terms of the model
is nevertheless “as if” the overall productivity of the firm was increased by these additional investments. This way, the firm is
able to expand its sales in the foreign market beyond what its true overall productivity would determine. Therefore, given its
overall productivity level, a firm will achieve larger export sales —and thus, larger total sales- if it follows the “High-
Commitment Exporter” strategy than if it follows the “Low-Commitment Exporter” strategy. In exchange for such larger
sales, the High-Commitment Exporter faces a higher fixed export cost.

2 Total sales for the exporting firm are given by :

_ _ ppo- 1 o o1 P\ or @+ BN
q" (@) = q5(p) + nql(p) =EP 1<p£((p)) + nEP 1< @) ) EP 1(pCT) + nEP 1(p—TCT )

=Ep7! (pﬁ) +nEPT (p :,;T)a ((1:61'))_0 =P (p ) [1+ ((1+ﬁl @mm) 1=+ n(mﬁ)) a] a4 (@)
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The revenue earned by a firm from its domestic sales and from its export sales per export destination
(either “Low-Commitment” or “High-Commitment”) are:

o 15(p)=E (Pp %)6_1 (recall equation (11))

e 1) =E(Pp —‘P(lrzflc))a_l =E(Pp %)H (1)0_1 =117E (Pp ﬂ)a_1 =797 (¢).

T cr

o) = (o) 2 (B2 < () e 2 -

T (1+Bhc) cr

T 1-o0 T
((1+ﬁhc)) ra ()
Which yields:

( T (@) if the firmis a"Non — Exporter"
14 (@) + nri (@) = [1+ nt*~7Ir] (¢)
(@) = if the firmis a "Low — Commitment Exporter (47)

@)+ (@) = [140(555) | @)

(1+Bne)
if the firmis a"High — Commitment Exporter"

4.1 Firm Entry, Exit and Market Strategy in the Open Economy

While the general setting of the economy is the same as in autarky —thus entry and exit dynamics
remain unchanged-, an additional choice comes by with trade: the necessity that firms choose their
export status. As in Meliz (2003), the simplifying assumption of no additional uncertainty concerning
the export markets determines isomorphy between modelling the sunk investment cost assotiated to
exporting, feir, as such —thus, paid all at once when the firm begins exporting- or as a fixed cost
incurred in every period —equivalent to the amortized per period portion of this cost fi, = 8 foix-."

Also, because the variable profit from domestic sales lrdT(q)) is always positive, and the fixed
g

production cost fr is paid on entering production —before choosing export status-, then no firm will
ever export and not also produce for its domestic market, which allows separation of total profits
according to their source —domestic or export markets:

5 (@) = =13 (9) — fr

T 1. T (48)
(@) = ;rxi((p) — fi
Consequently, total profits for a firm using technology T are given by:
" () = w3 () + max{0, nnf . (), nfe, ()} (49)

Firm value is once again given by v(p)=max{0,vi(p),v™(p), v (p)} and

o = inf{p:vT(¢) > vT1(¢p)}3! identifies the cutoff idiosyncratic productivity level for profitable

entry to production with technology T in the open economy setting. Exporting productivity thresholds

are determined similarly: @7, = inf{(p: @ = 9T and nl.(¢) > 0 for some technology T} is the

* The logic of this reasoning is not altered by the introduction of technology choice. Here again, if such cost is modeled as
sunk, then only new exporters will pay it and all at once (new Low-Commitment Exporters will pay f,;., , and new High-
Commitment Exporters will pay f..,)- If instead it is modeled as a per period fixed cost, then all exporting firms will spend
resources to cover the smaller amortized portion of the corresponding cost £, = 8f,.,. Because in equilibrium the ratio of
new type i exporters to all type i exporters (i = Low-Commitment, High-Commitment) in each technology T is § (see
Appendix D), it follows that the same aggregate labor resources are spent in either case.

resources to cover the smaller amortized portion of the corresponding cost f;, = dfei,. Because in equilibrium the ratio of
new type i exporters to all type i exporters (i = Low-Commitment, High-Commitment) in each technology T is § (see
Appendix D), it follows that the same aggregate labor resources are spent in either case.

3 For T=L there is no T-1 technology, and thus the condition reduces to ¢* = @~ = inf{¢p: v'(¢) > 0} —analogously to
what happened in the closed economy case-.
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cutoff idiosyncratic productivity level that in combination with technology T determines an overall
productivity high enough for firms to find it profitable to enter the export market as “Low-
Commitment Exporters”, while
P = inflo:p = o™ and wl., (9) > nl. (@) for some technology T} is the cutoff idiosyncratic
productivity level that in combination with technology T determines an overall productivity high

enough for firms to find it profitable to enter the export market as “High-Commitment Exporters”.*

Idiosyncratic Productivity Threshold to become a “Low-Commitment Exporter” for users of

technology T (eT7):

If @I =™ then all firms using technology T or superior export (either as “Low-Commitment

Exporters” or as “High-Commitment Exporters”) while no firm using technology T-1 or inferior
exports at all. In this case, the effective cutoff exporting firm (with idiosyncratic productivity level
o™ = @I%) earns nonnegative total profit (r” (™) = (™) + nl,. (™) = 0) and nonnegative
export profit (ml., (@) = 0). If pF*. > T then some firms using technology T (with idiosyncratic
productivity levels between ¢T* and ¢?.) do not export, as well as all firms using technology T-1 or
inferior. Meanwhile, some firms using technology T (those with idiosyncratic productivity levels equal
to or above ¢r%) do export, either as “Low-Commitment” or as “High-Commitment”exporters, as

well as all firms using technology T+1 or superior®.

Idiosyncratic Productivity Threshold to become a “High-Commitment Exporter” for users of

technology T (@h:.):

If T:. = o™ then all firms using technology T or superior are “High-Commitment Exporters”, while

no firm using technology T-1 or inferior is so (firms using technology T-1 or inferior may be
exporters, but only of the “Low-Commitment” type). In this case, the effective cutoff “High-
Commitment” exporting firm (with idiosyncratic productivity ¢™* = ¢[*,) earns nonnegative total
profit (m7 (™) = nl (™) + n] .. (¢T*) = 0) and export profits equal to or greater than those it
would earn as a “Low-Commitment Exporter” (f ., (07*) = nl, (7). If ¢}%, > ¢T* then some
firms using technology T (with idiosyncratic productivity levels between oT*and ¢?”,) are not “High-
Commitment Exporters”, as well as all firms using technology T-1 or inferior®. Meanwhile, some
firms using technology T (those with idiosyncratic productivity levels equal to or above ¢!.) are

“High-Commitment Exporters”, as well as all firms using technology T+1 or superior.

The aforementioned implies that the individual firm can achieve the overall productivity level required
to export (with low or high commitment) by means of three alternative combinations of idiosyncratic
productivity and technological factors, which in turn determines the existence of three idiosyncratic
productivity thresholds compatible with entering the export market with low commitment (pk=,, @M
y @f*) and another three idiosyncratic productivity thresholds compatible with entering the export
market with high commitment (phs,, @it Y @is.). However, in each case only one of these
thresholds is relevant. This is because any firm whose idiosyncratic productivity is high enough to
upgrade technology does it, as the upgrading allows it to earn higher profits. This way, the relevant
threshold of idiosyncratic productivity to export with low commitment, ¢;,, could be (alternatively)

%2 Note that there is an important difference between the decisions regarding technology strategy and market strategy.
Whereas the firm chooses its technology on the basis of idiosyncratic productivity alone, it chooses its market strategy on the
basis of overall productivity (which is obtained combining idiosyncratic and technological factors). Thus, a firm possessing a
high enough idiosyncratic productivity will be capable of profitably exporting even if it produces with the most basic
available technology (L) and does not upgrade it at all. But if the firm’s idiosyncratic productivity alone (that is, in
combination with technology L, in which case total productivity is considered to coincide with idiosyncratic productivity) is
not enough to export profitably, then the firm can still achieve this objective by upgrading its technology, so that its overall
productivity indeed surpasses the required threshold.

* Their being “Low-Commitment” or “High-Commitment” exporters depends on whether their intrinsic productivity
parameter falls between the thresholds corresponding to each exporting category (in which case the firm is a “Low-
Commitment Exporter™) or surpasses both (in which case the firm is a “High-Commitment Exporter”).

3 These firms are not “High-Commitment Exporters” because they can have higher profits by being “Low-Commitment
Exporters” or “Non-Exporters”.
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one (and one only) of the following: L., oM or ¢*. The same is true for the relevant threshold of
idiosyncratic productivity to export with high commitment, ¢;.,, Which can be (alternatively) one
(and one only) of the following: @k%.., @M. or pi*..

In general:

o nl(p™) =0and nl(p"™) >0forall T (analogously as inthe Closed Economy case)
) (i) = 0 for some T satisfying 7" < ¢},
o ! (@) = (@) TOr some T satisfying ™ < ¢; .,

The model does not provide any elements to determine which of the three possible thresholds is the
relevant in each case. It provides an order of the idiosyncratic productivity thresholds a firm needs to
surpass to adopt the available technologies, and an order of the thresholds of overall productivity (and
thus, of idiosyncratic productivity in each technology) it needs to surpass to adopt each of the export
profiles, but it does not determine the position of the technology thresholds relative to the export
thresholds.®

For now the following “plausible” situation will be assumed: that in the industry there are both
exporting and nonexporting firms, and that users of technology L can only be found in the second
group, while only some firms using technology M and all firms using technology H export. However,
“High-Commitment Exporters” can be found only among users of technology H, meaning that any
firm using technology M who is an exporter, is necessarily a “Low-Commitment Exporter”. If a firm
with a certain productivity level can maximize prrfits by assuming a certain export status (eg: “High-
Commitment Exporter”), then all firms whose idiosyncratic productivity is above that level will too.
Therefore, because there are some “High-Commitment Exporters” who produce with technology H
and none who produces with technology M (or L), it follows that the idiosyncratic productivity
threshold to adopt the “High-Commitment Exporter” profile must lie to the right of the threshold to
adopt technology H. Besides, because there are users of technology M who are exporters, then all
users of technology H are so too. Figure 3 illustrates the ordering of idiosyncratic productivity
thresholds resulting from these assumptions:

— | | 1 7 |
0 @ oM

v

Piex  Plx o™ iy Phi
Figure 3

As it was the case in the closed economy, for the assumed order of the five productivity thresholds
(P4 < oM* < ;< @"* < ¢} ) to hold, it is required that, roughly speaking, the gain obtained by a
firm when switching from each category to the immediate superior category (ej: from Non-Exporter

% An empirical evaluation may be useful to get hints on which of these technology-specific idiosyncratic productivity
thresholds is the relevant for the adoption of each export profile. For example, if it is observed in data that some firms who
produce with technology M and all firms producing with technology H export, while no firm producing with technology L
does so, then the relevant idiosyncratic productivity threshold for exporting with at least low commitment must be @ =
@} The relevant threshold cannot be ¢F, > @, because no firm will continue using technology L if it is idiosyncratically
productive enough to adopt M. On the other hand, i < @M cannot be the relevant threshold either, because if there are
some exporters who produce with technology M this means their idiosyncratic productivity is not high enough to adopt
technology H. Similarly, if it is observed in data that no firm producing with technologies L or M exports with high
commitment, but some firms producing with technology H do so, then the relevant idiosyncratic productivity threshold for
the adoption of such market strategy must lie to the right of the threshold to adopt technology H. In this case, the relevant
threshold to begin exporting with high commitment is /%, = ¢;,.,.. Despite these considerations, looking at raw data can
only provide hints. If there are firms upgrading technology and serving only the domestic market (suggesting that the
thresholds associated to exporting lie to the right of those associated to technology upgrading) and these coexist with firms
who export but do not upgrade technology (which suggests the opposite order), the question remains unresolved, especially if
the amounts of firms in both of these groups are similar.
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who uses technology M to Low-Commitment Exporter who uses technology M) must be smaller “in
proportion” to the increase in the fixed cost it simultaneously faces for a given productivity level.*

Because the entry and exit dynamics are unchanged by trade, the equilibrium distribution of
9(¢) L*
A S > .
=g " ? = ?
The ex ante probability that a successful entrant to the industry will become a “Low-Commitment

» oie o L+M+H _ G(@hex) =G (@lcx) . L+M+H _ 1-G(Phex)
Exporter IS Pinicx - 1_G(¢L*) ' while Pinhcx = 1_G((pL*)

probability that one of these successful entrants will become a “High-Commitment Exporter” and

pltist _ G(Pied) 6T
mnx 1_G(¢L*)

a non exporter. These coincide with the ex post fractions of Low-Commitment Exporters, High-
Commitment Exporters and Non Exporters, respectively®’. We can further define®:

idiosyncratic productivity levels for incumbent firms continues to be u(¢@) =
now represents the ex-ante

is the ex-ante probability that one of these successful entrants will become

L _ GeM)-G")
mnnx G((pM*)—G((pL*)
entrants into technology L will be a Non Exporter and the ex-post fraction of firms that use
technology L and serve the domestic market only.
° M — G(‘Pfcx)—G(pr*)
plTLTLX G(([)H*)—G((pM*)
entrants into technology M will be a Non Exporter and the ex-post fraction of firms that use
technology M and serve the domestic market only.

M _ G((PH*)_G((chx)
Pinicx = G (PP =G (M)
entrants into technology M will be a “Low-Commitment Exporter” and the ex-post fraction of
firms that use technology M and are “Low -Commitment Exporters”.

° pH — G(w;1cx)_G(¢H*)

inlcx 1-G(pH")

entrants into technology H will be a “Low-Commitment Exporter” and the ex-post fraction of
firms that use technology H and are “Low -Commitment Exporters”.

° H _ 1_6((P;ch)
Pinhcx = 1-G(pH")

into technology H will be a “High-Commitment Exporter” and the ex-post fraction of firms

that use technology H and are “High-Commitment Exporters”.

= 1 represents both the ex-ante probability that one of the successful

represents both the ex-ante probability that one of the successful

represents both the ex-ante probability that one of the successful

represents both the ex-ante probability that one of the successful

represents both the ex-ante probability that one of the successful entrants

% The intuition that innovation activities entail risks for the firm could be explicitly captured in the model by introducing a
probabilistic element. The basic idea of this extension is that adopting a superior technology is equivalent to participation in a
lottery, whose expected value is an increase of a given proportion in firm overall productivity. The expected value of such
lottery is assumed to be larger for firms adopting technology H. Like in the deterministic approach, for firms using
technology L overall productivity equals idiosyncratic productivity, while firms adopting technologies M and H are are likely
to experience a boost in their overall productivity because, along with the idiosyncratic factors, they now also have
technological factors contributing to it. However, the positive outcome is not guaranteed. While most firms will experience
productivity gains as a consequence of upgrading technology, some will fail to adequately absorb the new technologies and
will have no positive impact on the overall productivity.

This probabilistic extension, which is left for future work, is interesting because it provides an explanation for situations that
can be observed in data where firms do not follow the expected market strategy given their technology strategy, and vice
versa. Specifically, a firm can upgrade technology (to M or H) but fail to absorb the new technologies and consequently not
reach the overall productivity required to export (or to export with the expected commitment level). Conversely, it is also
possible to think of a risk averse (or financially constrained) firm that may decide not to run the risks associated to upgrading
technology even if the expected return of doing so is positive, and still export if its idiosyncratic productivity is high enough
(so that it does not need the “help” of a better technology).

%7 Note that, unlike the procedure for the calculation of the ex-ante probabilities of successful entry into each production
technology (pf,, T = L, M, H), here for the calculation of the ex-ante probabilities of entry into each of the market strategies,
the distribution we use is u(¢@), not g(¢). This is because the choice of export status occurs after the firm draws its
productivity parameter ¢, which means only successful entrants must be taken into account.

¥ Continuing with the reasoning in the previous footnote, we know that firms choose their export status after they gain
knowledge on their productivity parameter. Thus, only successful entrants to the industry decide whether to become “High-
Commitment” or “Low-Commitment” exporters or neither. But firms who face such decision not only already know that they
are successful entrants to the industry, but also they know precisely with which production technology: L, M or H. Therefore,
the rational thing to do when calculating the probabilities of adopting each exporting profile (“Low-Commitment Exporter”,
“High-Commitment Exporter™) is to take into account all the available information. Because of this, the ex ante probabilities
for each firm of becoming each type of exporter are calculated conditional on the production technology they are using.
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Denoting the number of incumbent firms in any country by Z,,.,, it is possible to calculate the
number of firms belonging to each export satatus: “Low-Commitment Exporters” are Z,., =
Die P Z open, “High-Commitment Exporters” are  Zpnc, = pihea Zopen and “Non Exporters” are
Znx = piLntlﬂa/g+HZopen = Zopen — Zicx — Zpex- TO be more SpeCifin piLnnxL = Vplglntllg-FHZopen (With
0 <y <1) is the number of firms that use technology L and serve the domestic market only,

PinaeM = (1 = Y)Dit o Zypen ) is the number of firms that use technology M and serve the

domestic market only, pif, ..M = OpiiitH Zypen (With 0 < 6 < 1) is the number of firms that use

technology M and are “Low-Commitment Exporters”, pfl,..H = (1 — O)pih it Z ey is the number
of firms that use technology H and are “Low-Commitment Exporters” and pf,.xH = piea ™ Zopen

is the number of incumbent firms that use technology H and are “High-Commitment Exporters”.*

Using these definitions it is possible to calculate the total mass of varieties available to consumers in
any country —or alternatively, the total mass of firms competing in any country-:

_ L+M+H L+M+H
Zt - Zopen + NPinicx Zopen + NPinhcx Z

— L+M+H L+M+HY _
open — Zopen(1 + NP inicx + NPinhcx ) -
= Lopen + Mopen + Hopen + 1021 cxMopen + 102 Hopen + 102 Hopen =

open open open Pinicx open Pinicx open Pinhcx open

= Lopen + Iwopen(1 + np%lcx) + Hopen(1 + npgzlcx + npgthcx) (50)

Unless the contrary is explicitly stated, from now on we will refer to Z, e, simply as Z, Lopen as L,
Mopen @ M and Hypep as H.

4.2 Aggregation Conditions in the Open Economy

As in autarky, it is possible to calculate the average idiosyncratic productivity level across all
incumbent firms as a function of the new threshold for entering the industry:

1

1
¢ =9 (") = [m S 07 g(@)do| (51)

The average idiosyncratic productivity levels corresponding to each Market Strategy (“Non-Exporter”,
“Low-Commitment Exporter”, “High-Commitment Exporter”) are:

1

~ x % 1 *cx - o-1
Pz (@, Qlcx) = [—1_G(¢L*) Shex 97 1g(p)de|" (52)
1

~ * * 1 hex . o— o1

Prex (Plexr Phex) = [—I—G(wL*) [ o? Lg(p)de|™ (53)
.

~ " 1 o _ p

(phcx((phcx) = [I—G((pL*) f(p;wx @’ 19((P)d(ﬂ] ! (54)

We can further calculate the average idiosyncratic productivity corresponding to each Market Strategy
and production technology:

39 _ G@M)-G(e")
G(@le)—G(@™)

proportion of “Non Exporters” who produce using technology M, 6 =

G(Pie)=G(e™")
G(Piex) =G (@)

is the proportion of “Low-Commitment

is the proportion of “Non Exporters” who produce using technology L, (1 —y) = is the

G(@")-G(eM)
G(@hex) =G (Picx)
G(Phe)=G(@™) : “ ;

e he proportion of “Low-Commitmen
O T is the proportion o ow-Commitment
Exporters” who produce using technology H. Note that all “High-Commitment Exporters” produce using technology H.

Besides this, we also know pi"*Hz, = 7. Using this information together with the definition of p5:¥*+H and p7 ;. the

equivalences stated above can be easily derived.

Exporters” who produce using technology M and (1 —-0) =
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1

~ Lx M\ _ 1 oM o—-1 o-1
Punx (@7, 9™ = |To s Jpre 977 9(@)de (55)
1
~ T 1 lex  o— o1
Fune (@™, 0icx) = [ gt Son 07 g (@)™ (56)
; .
~ * * 1 * _ o-1
Puicx (Picx @) = [mfflx 071 g(p)do] (57)
1
~ - 1 hex  o— o-1
Prex (@) Phex) = [—1_0((/,“) i 97 1g(p)de| " (58)

1
- % 1 o _ o—1
PHhcx (Qohcx' ®) = [m f(pH* 0 1g(§0)d(p] ! (59)

Because all these averages are constructed in the same way as in the autarky setting, they only take
into account domestic market share differences between firms, and ignore the additional sales more
productive firms are now gaining in the export markets, as well as the fraction of resources consumed
by transportation when selling abroad (and thus no longer available for consumption).* In order to
provide a measure of average idiosyncratic productivity more adequate for the open economy setting,
these factors must be incorporated.** The comprehensive average idiosyncratic productivity measure
@, is constructed on the basis of the combined market share of all firms, taking into account the
transport costs faced by both types of exporters and the export-sales-boosting effect of the additional
fixed investments undertaken by High-Commitment Exporters:

1

~ 1 ~g— P o-1 @ 1+ 0-1o-1
7o = {207+ mpbitienz (B) s+ mphpinenz (BeH) (60

T

Expression (61) is equivalent to:

(B8 urap| (62

T

~o-1 _ 1 © -1 L+M+H 7 (Pxc (¢ o-1 L+M+H 7 (®
Pt ~z [Z fo ¢ “((p)d(p + MPinicx A f‘PZcx (r) H((ﬂ)qu + MPinhex A f‘l’;wx
Taking explicitly into account the production technology used by every firm (domestic and foreign),
comprehensive aggregate productivity @, can be rewritten as the following (derivation in Appendix
E):

1
~ 1 . . 1. 3 3 1. 3 A8\ 7L . |7
b= {Z [L/?h” I+ Moy +”17%/g(; Pies” ")+ HDH™ +”szlmy Prex”™ 1P e ( - ) Drnes” ]]]} (62)

Because of the symmetry assumption, @; is also the weighted average adjusted idiosyncratic
productivity of all firms —domestic and foreign- competing in each country.

The aggregate price index P, quantity Q., expenditure level R, and profits I1; in the open economy
setting are given by:

1
P = [LpK(@,) " +Mplf(@u) * +Hp (@) + 0P}l MPE (@) 77 #1011 HD (Bt T 0D e P (@) 7] 7 =

“0 They also ignore, as their counterparts in the Closed Economy, the technological factors that affect firm overall
productivity, which are later incorporated when calculating the prices charged by firms in each technology (in the domestic
and export markets). Thus, only idiosyncratic productivity is taken into account, separating it completely from technological
factors. Again, the purpose of this is to facilitate comparison with the results obtained by Melitz —and to maintain a
methodological coherence in both settings (Closed Economy and Open Economy).

! Because neither the introduction of technology choice nor the diversification of market strategies affect this aspect of the
original Melitz (2003) model, we stick to its approach for doing so, making only minor amendments when necessary.
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1
L @) +Mpif (@) +Hpl(@) "+ e (63)42
P MO @rexar) T 00 1e HP @resa) T 00 HO (@) T

Qf = [L q{i( ¢L) P +M q/y( @M)p +H q‘g( ’(pﬂ)ﬂ +Hp%/EXM Q%x( @MICX)/) +HADII.'IIIICXH qZ‘X( ’(pH/L‘X) ? +np11;,1bcxH Qgcx( aﬂhcx) p];

= [qu;j(’(pL) P +M l]/d” ( ’(pM)p +H. qul ( @H)p +17P%1¢XM l]g ( ¢/CXM) 7+ +ﬂpﬁchH qul ('(p/CXH)p +np£l;hcxH qsl( ahcxH)p] 3 (64) “

R [:L]ﬁ ( Zb[,) +Mi 1{1” ( ¢M) +Hi I{il ( Zbﬁ) +HP%ICXM rlﬂg\'( @M/L‘X) +H}7ZICXH "Zx( aH]L‘X)
1, inbfo hex (ﬁwaJ =R Ld +R Md +R Hd +R Micx +R Hlcx +R Hhex™=

=LA (@) + MY (@r) +HI (@) 008 M (D) #1001 HE (D) 0D HE (D) (65)*

M, = Lay@y) +Mry (@) +Hlf (@) +0Pme M @gicx)

+”p{';lllcxH 7’/’2\'( @(H[L‘)J +nﬂhcxH ﬂll;]cx(@(HhDJ =

=1 [ i) |+ o -t #11 oo 5 +
Pl M o 1 (Bt ~Fisf| + 10 o (B fic ] + 10 e o (Pt T =

=g + Mya + Mya + Mpgiex + Naiex + Napex =

L |2 i) -] +M [ 4 @oag) -t +H |2 1) | + 1Dl M |2 1 Prena) ] +
1y inlcxH [1_17 I{il ( @/L‘XH) 'ﬁcx] +”p£11hCXH [5. I{il ( aflcxﬁ) -f}ICX] (66) 45

The average price, quantity, revenue and profits in the industry in the Open Economy setting are
obtained as a weighted average of the price, quantity, revenue and profits of each group of firms:“

= = _h Loboos Vo M Mo 1o H o Heo V1 i oy MPinies p o PimnesH i -
Be= 2 = [ PU@ 7+ 2 P @u) "+ PP+ 2 D i) "+ ) 7+ Pl ()] =

z10

1

= (5P 7+ P ) "4 Pl + P () 4 Dl () # P () 7] (67)

1
_ Q, L ~ M ~ H ~ inleyM ~ inlexH ~ inhhexH ~ »
=% =[7 4i@’ +5 A @45 @) + P G i)+ G i)+ Gl D)) =

42 i T =I_ao __T T i =
Recall from expression (47) that p;,. (¢) Seih) — P (), i =lc, he. ) )
43 ; T _ (A+B\7 T T _ 5—1( 1 ) _ 0—1((1+Bi))
Recall from expression (48) that q;,(¢) —( - ) qq(@p). Therefore, q;,(¢) = EP o) = EP wT@)

1
Pi(®)

Wo-1 Wo-1
Recall ~ from  expression  (49) that 7%(p) :E(M) = ((1:&) rT(p). Note that

crtT
~ PpPrin(1+6)\ 1 PpPixr)° ! ~
15 (@rix) = E (7TCTT ) =E (—CT T) =17 (Pixr)-

o . wo-1 NG
) . Also note that g7, (@ri) = EPo~ (PR ppo-t (B2) _ gl(g),

crt

justas g5 () = EP°~! (

44

*® Recall from expression (50) that 7} (¢) = irj((p) — frand ] (@) = irifc((p) - fr.

“ Once again, as it was the case in the closed economy setting, these “theoretical” averages are calculated just in order to
provide a rough measure of the industry’s per firm performance. They need not coincide with the price, quantity, revenue and
profits of any particular firm.
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1

L — M -~ H -~ % CXM -~ II-III FXH —~ II-III I(XH -~
[Z q{i( (p[)ﬂ + Z q/Llfl( qoM)p + Z qlz-il( (pﬂ)p + HPTII q%x( qoMlcx)p +HPTII q'le( (pﬁlcx)p + s Z’, qjl;[cx( wﬂhcx)p] g (68)

Fom Bl )+ o) + 2 i) #  Pr) # 2 ) #22  pr) =

Lo po N M o H Hee e CXH i ,CXH
Z (@) + Z (@) +Z (@ +% le i Daey) + 2= L Iﬁx(éﬂﬁlcx) + Lz e Prines) (69)

, = %‘ =L )+ Y o) +2 T )+ 7 i) + 2 () # 2 ) =

= ( ) + 7TM( §0M) + 77”( ¢7H) = llP%ﬁx ﬂﬁ(( goM[cx) = HPMICXH ﬂzl'x( ¢H/CX) - ”pmhLXH ﬂzlcx( ¢7Hbcx) (70)

In each country, firms using technology T get “in average” the following revenue and profits:

b=ri(@) (71)
M = 1) (@) + nDimicx e (Pricx) (72)
T =1l (@n) + n0fucx i (Pricx) + MPmnexTiex (@Prncx) (73)
7t = () 7
T =l (@y) + ol icx it (Priex) (75)
Tl = g (Pu) + MPincxTiex (Priex) + MPinncxhex Prines) (76)

4.3 Equilibrium Conditions in the Open Economy

The conditions for Free Entry (FET) and Technology Upgrading (UP1 and UP2) are the same as in the
Closed Economy setting. However, ECPT is now different because average profit per firm using
technology T in the Open Economy setting includes a “domestic profit component” and an “export
profit component”, which in turn subdivides into two categories: a “Low-Commitment export profit
component” and a “High-Commitment export profit component”. Thus, in order to construct the
“Effective Cutoff overall Profit Condition for technology T” (ECPT) it is necessary to first relate the
average profit level for each exporting category to the minimum idiosyncratic productivity level
required to enter such category, with which it will be obtained the “Effective Cutoff type i export
Profit condition for technology T” (ECPL), i: Ic, hc. That is, a relation must be established between:

® ﬁ{\gx = n{\gx((ﬁMlcx) with (prcx

® ﬁll-(l:x = n'll-éx(@chx) with @

° ﬁ-iI;ch = niI;ch(Qthcx) With @ e,

The expression of the “Effective Cutoff Low-Commitment export Profit condition for technology M”
(EcPM.) is:

M _ M _ =M _ _L ~ _ M
T[lcx(gaz‘cx) =0 < rlcx(gofcx) - 0flcx <« Miex = ”lcx(QDMlcx) - ﬁcxklcx((pfcx)

~ * * o—1
(PMlcx(‘Plcxv‘/’H )] -1
Plex

where kM (@;.,) = [

The expression of the “Effective Cutoff Low-Commitment export Profit condition for technology H”
(ECPL))is:
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T[lcx((pH*) - Alcx « rlfclx((pH*) = O-(A{J:I:x + flcx) « 7TL-lféx = ﬂg’x(‘ﬁl—llcx)
lcx lcx((pH*) + flcxklcx((pH*)

Where h Hx*y\ — Mg_l kH H*\ — Md_ 1 d A 0 i h

lcx(go ) - QH* J lcx((p ) - H* an lex > Is the
profit gained in each export destination by the least idiosyncratically productive firm who is a “Low-
Commitment Exporter” and uses technology H (a constant).”’

The expression of the “Effective Cutoff High-Commitment export Profit condition for technology H”
(ECPf,) is:

ngcx(¢;cx) = AI}{cx A rf{-lcx((p;cx) = G(Algcx + fhcx) A ﬁ-iI;ch = T[fI;ch((thcx)
hcx hcx ((phcx) + fhcxkhcx ((phcx)

~ * o—1 ~ % o—1
where hfl, (¢he) = |22 he| il () = [PetPiess)] g ang aff,, > 0 is the
(ph,cx (ph.CX

profit gained in each export destination by the least idiosyncratically productive firm who is a “High-
Commitment Exporter” and uses technology H (a constant).*

Now we can finally write down the “Effective Cutoff overall Profit Condition for technology T”
(ECPT), which implies a relationship between the average overall profit per firm using technology T
(@T) and the effective cutoff idiosyncratic productivity level for the adoption of technology T (¢™*).

The “Effective Cutoff overall Profit Condition for technology L” (ECPY) is:
wt = m(p) = frka(e™) (77

The “Effective Cutoff overall Profit Condition for technology M” (ECPM) is:

M = Ty ((pM) + pg’zlcxnn%x(@Mlcx) =

[AMhM((pM*) + kaM((pM*)] + pmlcx [Alcx lcx(‘plcx) + flcxklcx((P;cx)] (78) 49

The “Effective Cutoff overall Profit Condition for technology H” (ECP) is:

s

7_7'-” = ”(11-1 (@H) + pgzlcxnﬂll-{:x(gamcx) + pfrlzhcxnnfi]cx(@Hhcx) = [Aghg((pH*) + fkaiI((pH*)] +
* * * * 50
pmlcxn[Alcx lex (‘PH ) + flcxklcx((PH )] + pmhcxn[Ahcxhhcx ((Phcx) + fhcxf‘;llcx (‘Phcx)] (79)

T We already know that profits in general, and export profits in particular are increasing in ¢. Besides, we know that
il (@i) = 0and @"* > @;... Thus, we know 7} (¢**) > 0. Finally, we also know that, keeping all other factors
constant, using a superior production technology determines higher revenue and consequently higher profits for the firm. As
a result, we know i (o) = m. (0"*) > 0. We pin down this information by writing /., (¢*) = AL, where A} isa
positive constant. On other grounds, we already know

. ~ . % -1 *
Tl’;’x((/)chx) _ f _ ‘ﬂchx(‘PH r(plcx) 7 Tl’Zx(‘/’H ) _ f Replacin TH ( H*) _ (J’(AH + f )m
. lex — H* P lex: p 9 Tiex (@ - lex lex

that ﬁlFéx = n-llzx(ﬁchx) =
Price (@™ Phe)\ T Pricx (0™ Phex) ot
this equation we obtain 7f, = 7/t (Price) = Ajty (w) + fiex (w) — fiex =
PHicx ‘pH*v‘p*cx o1 PHicx (PH*v‘p cx -1 * *
= A?cx (%) + flcx [(%) -1 = Aﬁxhﬁx((pH ) + flcxkliéx(wH )
“8 The same reasoning in footnote 47 applies here.

1
® i = oMt (ffl”‘)" * and thus equation (78) is implicitly a function of ™*,
M

Hx T (Ahcx+fhcx

=@ ) and thus equation (79) is implicitly a function of @#*.
th Ad +f

22




The present value of average profits flows for firms using technology T (that is, the value of such
=T
firms) remains o7 = ¥{2(1 — &))" =% ,

4.4 Determination of the Equilibrium in the Open Economy

Like in the Closed Economy setting, determination of the equilibrium in the Open Economy requires
solving a system formed by the two Conditions for Technology Upgrading (UP1 and UP2) and a third
equation which is obtained by substituting the three Effective Cutoff Profit Conditions for each
technology T (ECPT) into the equation expressing the value of the average firm in each technology T,
the three of which in turn are incorporated into the Free Entry Condition (FE). This way, this last
condition ends up expressed as a function of the idiosyncratic productivity thresholds a firm must
surpass to enter each group or category of firms. Such categories are no longer defined solely in terms
of the production technologies used (L, M, H), but also in terms of the chosen market strategies (nx,
Icx, hex). Nevertheless, even though the number of firm categories and thus the number of apparent
unknowns in the system escalates now to five®, it must be taken into account that the thresholds for
the adoption of the different market strategies are implicitly defined in terms of the thresholds for the
adoption of the different production technologies. Consequently, the genuine unknowns in the
equations system are the same three as in the Closed Economy setting: the thresholds for the adoption
of each available production technology.

As it happened in the Closed Economy, here too is not possible to determine generically whether an
equilibrium (or several) exist. However, if by particularizing the problem —through making additional
assumptions regarding the parameters and the productivities distribution g(¢)- makes it possible to
find values of the thresholds for the adoption of technologies L, M and H that determine an
equilibrium, then these in turn trivially determine the thresholds for the adoption of the different
market strategies.

A particular case which is of interest due to its analytical simplicity is the following: when all firms
using the same production technology T, share as well the same market strategy —whichever this may
be.5? Under this simplifying assumption, some of the thresholds for the adoption of technologies (¢**,
oM* and ¢"*) will coincide with the thresholds to begin exporting with low and high commitment
(@ and @j.,). Thus, in this special case ¢, pM* and * also determine the averages @, @cx,
@nex and @, the ex ante probability of entry to each available production technology (p%,, p v pf)
and the ex ante probability of adoption of each market strategy, conditional on the production
technology the firm is using (M., P2 1cx ¥ PHhcy)- Note that in the proposed special case, each of
these probabilities is either 1 or 0. The case in which ¢}, = ¢M* and ¢}, = ¢* (and consequently
ph,.. =0andp¥, . =ph, .. =1)can be considered a limiting case preserving the “plausible” order
of the idiosyncratic productivity thresholds proposed in preceding sections (@* < @M* < @}, <
@"* < @} .- Thus, the analysis will focus in this case.

5. Evaluating the Impact of Trade

If a steady state equilibrium exists in the Open Economy, this will share some basic characteristics
already described for its Closed Economy counterpart: not only the number of successful entrants to
the market pifM*Hz, —where Z, is the total number of new entrants- must exactly replace the 6Z
firms that are hit with the bad shock and exit (this is the “Aggregate Stability Condition”:

phtMtH7 = §Z), but also the number of new successful entrants into each production technology T

%! These three groups are, according to the assumptions made: firms who produce with technology L and do not export, firms
who produce with technology M and do not export, firms who produce with technology M and export with low commitment,
firms who produce with technology H and export with low commitment and firms who produce with technology H and
export with high commitment.

%2 Because )., Y @}, are defined as a function of some ¢”*, materialization of this special case requires that certain
parametric restrictions must hold.
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must exactly replace the number of exiting firms in each technology, so that the aggregate variables
remain constant over time —see equations (36), (37) and (38). Nevertheless, because market conditions
have changed, the actual value of the key variables characterizing the steady state equilibrium in the
Open Economy will differ from the values they had in the steady state equilibrium in the Closed
Economy.

We have denoted the cutoff idiosyncratic productivity levels for each production technology in
autarky as ¢, @y and ¢j, and the cutoff idiosyncratic productivity levels for each production
technology in the Open Economy setting as @*, @™* and ¢*. Let as well @£losed, @glosed and
@Elosed denote the average idiosyncratic productivity levels for each technology in autarky, and

@7, @pr " and @,F " in the Open Economy.

Like in Melitz, increased competition in the final goods market is the most intuitive channel to reason
the impact of trade. However, such channel is not operative in the present model neither, because the
two key assumptions that rule it out in Melitz are maintained: Monopolistic Competition market
structure and CES preferences. As a consequence of these assumptions, the price elasticity of demand
for each variety does not react in response to changes in the number or prices of competing varieties.
This way, here too the mechanism through which trade impacts the economy is the increased
competition for fixed labor resources (bear in mind that all costs are expressed in terms of labor).
Because entry to the export market is costly, when the economy opens up to trade the demand for
labor (skilled and unskilled, being the former reducible to equivalent units of the latter) increases,
causing wages to escalate. This increased labor cost forces some former users of technology L out of
the market, as they are no longer able to make nonnegative profits.>® Figure 4 illustrates this:

7(p)

@y —
—_—
e e

Figure 4

The impact of trade is uncertain for firms that in autarky were producing with technologies M or H,
because there are two opposed forces at play. On the one hand, when the economy opens up to trade
all active firms in the market will experience an increase in their costs, because in order to cover the
fixed costs associated to exporting more labor is needed, and this upward shift in the demand for labor
causes wages to go up. However, while for firms using technology L in the Open Economy this
negative impact is the only change they experience relative to autarky, the situation is different for
firms using technologies M or H. Such firms will simultaneously experience a positive effect
consisting in the expansion of their total sales, obtained through participation in the export markets
(with low or high commitment). Depending on which of these two opposed effects is stronger, two

%% Those whose productivity lies between ¢} and ¢*.
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alternative overall results will come along with trade, as illustrated for technology M in panels (a) and
(b) of Figure 5:*

7 (p)

" / 72'0)

(@)

\f
1 7 (@)
el 7 @)

(b)
Figure 5

Panel (a) illustrates the situation in which the magnitude of the positive impact of the greater sales
associated to exporting is larger than the negative impact of the increased labor cost. The overall result
in this case is a decrease of the idiosyncratic productivity threshold a firm has to surpass to adopt
technology M (technology H). Consequently, some firms that in autarky were using technology L
(technology M) will now upgrade their technology by adopting technology M (technology H).>> On
the contrary, panel (b) illustrates the situation in which the magnitude of the negative impact of the

% The reasoning is in all analogous for technology H.
% Those whose productivity lies between @3, y ™* (Those whose productivity lies between @3 y p*).
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increased labor cost is stronger, causing the idiosyncratic productivity threshold a firm has to surpass
to adopt technology M (technology H) to increase. As a result of this, upgrading technology will be
harder in the Open Economy, and some firms that in the Closed Economy were using technology M
(technology H) may even downgrade technology and produce with technology L (technology M) in
the Open Economy.® In both cases, an alternative way to reason these outcomes is to think that when
eventually some active firms will be put out of the market by the negative shock &, their replacements
(who in the steady state possess the same idiosyncratic productivity as the falling incumbents) will
enter the market with a superior technology —in the case illustrated in panel (a)- or with an inferior
technology —in the case illustrated in panel (b).

It is important to note that no matter which of the two scenarios depicted above will materialize, the
idiosyncratic productivity threshold associated with entry to the market always rises (as shown in
Figure 4), determining that average idiosyncratic productivity increases with trade. If, additionally, the
thresholds for the adoption of technologies M and H decrease —as illustrated in panel (a) of Figure 5-,
then overall productivity undoubtedly increases, because the quality of the inputs used —capital and
labor- raises too, reinforcing the increase in idiosyncratic productivity. This is because the
idiosyncratic productivity threshold to enter the market (with technology L) increases, and at the same
time the thresholds for the adoption of technologies M and H decrease, so the proportion of firms
using these last technologies must increase with certainty. If on the contrary, the productivity
thresholds for the adoption of technologies M and H raise —as illustrated in panel (b) of Figure 5-, then
the impact of trade on overall productivity is undetermined. On the one hand, it tends to increase
because idiosyncratic productivity increases. On the other hand, the fact that all three technology
adoption thresholds increase makes it unclear whether the proportion of firms using the superior
technologies increases, decreases or remains constant —unless additional assumptions are made.
Consequently, in this scenario it is not possible to precise whether technological factors will contribute
to an increase in overall productivity in the Open Economy setting (which would be the case if the
proportion of firms using technologies M and H increased) or will pull it down (which would be the
case if the proportion of firms using technology L increased).”’” In any case, average idiosyncratic
productivity always increases, and because only those firms whose productivity lies above the
thresholds ¢;., and ¢y, enter the export market —with low or high commitment, respectively-, this
reinforces the reallocation of market shares towards more efficient firms, contributing to the aggregate
productivity gain.

The analysis of the steady state equilibrium in the Open Economy, in particular the labor market and
final good market clearing conditions, is analogous to what has been already described for the Closed
Economy steady state equilibrium. Because the analysis is circumscribed to long term equilibria, it is
assumed that labor will reallocate between technologies as needed to guarantee full employment.*®

5.1 The Impact of Trade on Aggregate Welfare

Static welfare per worker is still given by:

Ztmﬁt

% Bear in mind the assumptions of no depreciation and perfect malleability of capital goods.

°" The result in this respect depends on the value of parameters and the shape of the distribution g(¢).

%8 Only long term equilibria are considered in this paper. Consequently, even though each production technology employs
skilled and unskilled workers in fixed proportions, the analysis focuses on the result obtained after the necessary adjustments
in the qualification of workers has already taken place. If in the Open Economy equilibrium the proportion of firms using
technology L is reduced compared to autarky, this means that the excess unskilled labor will be unemployed in the short run
until some of this workers acquire the skills necessary to be reallocated into technologies M and H (which are more intensive
in skilled labor). If on the contrary, the proportion of firms using technology L increases in the trade equilibrium, then in the
short run some skilled workers that in autarky were employed in technologies M and H will be temporarily sub employed in
technology L, performing tasks for which they are overqualified. In the long run, the decrease in the incentives to acquire
skills (through the educational sector) will lead to an adjustment of the proportions of skilled and unskilled labor to the new
economic conditions (there will be fewer skilled workers and more unskilled workers).
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Therefore, it once again increases the larger the number of available varieties, but now this result can
be achieved not only if country size increases, but also through trade. Even though the number of
domestic incumbent firms is lower in the open economy setting than it was in autarky (Zypen <
Zc10sed), the number of foreign firms who now export to the home country typically overcompensates
such reduction in the number of local firms, resulting in increased variety and thus fostering an
increase in static welfare (Z, = Z,pen(1 + npimmt™ + npliltH) > 7 156eq).> Besides, static
welfare also increases if the average price decreases, which can happen for two reasons. The first is,
like in Melitz, the gain in aggregate idiosyncratic productivity, which comes as a result of the increase
in the threshold a firm must surpass to enter the market.®® The second factor which exerts an impact on
aggregate welfare —and was precluded by construction in the Melitz (2003) model- is the technology-
specific variable cost: the greater the proportion of firms using the superior technologies, the lower the
average price will tend to be, not only because such firms are idiosyncratically more productive, but
also because they have lower variable production costs, and can therefore charge lower prices (for a
given quality). This result is obtained with certainty if the idiosyncratic productivity thresholds for the
adoption of technologies M and H decrease when the economy opens up to trade —the situation
illustrated in panel (a) of Figure 5-. However, if the thresholds for the adoption of technologies M and
H increase —the situation illustrated in panel (b) of Figure 5-, we cannot anticipate how the
proportions of firms using each of the available technologies will vary among domestic firms in each
country —or even if they will vary at all- without making further assumptions regarding technology
parameters and the distribution g(¢@). In any case, whenever the proportion of firms using
technologies M and especially H increases, not only static welfare will increase, but also dynamic
welfare, because in the model technical progress is internalized by firms through utilization of the
more efficient capital goods such technologies employ.

In the special case in which we are focusing now, with p, .. = pf,.. = 1, it can be readily noted
that the proportion of firms using technology L among all the firms (domestic and foreign) competing
in the home country tends to decrease as the number of trading partners n rises, not only when the
idiosyncratic productivity thresholds for the adoption of technologies M are H decrease —panel (a) of
Figure 5-, but also when they increase —panel (b) of Figure 5. This is because all the firms exporting to
the home country are users of technologies M or H. Consequently, unless the proportion of firms using
technology L among surviving domestic firms rises significantly when the economy opens up to
trade®1, then the overall outcome will be a decreased participation of technology L users in the total
number of firms (domestic and foreign) competing in each country, thus conducing to a lower average
price and higher welfare.

As a result of all this, we cannot assure that welfare per worker, as measured above, will always
increase when the economy opens up to trade, which is an important difference with the Melitz (2003)
model (see Appendix F). However, what we do know is that if at least one of the three above
mentioned factors (variety, aggregate productivity or average variable production cost) is sufficiently
“better” in the open economy setting than in autarky (that is, if at least one the first two factors is
sufficiently higher, or if the third is sufficiently lower), static welfare per worker will here too increase
when trade is allowed.

6. Final Considerations

The model shows that, given its idiosyncratic productivity distribution g(¢), the industry will achieve
a more favorable aggregate result —in terms of higher aggregate and average revenue and profits and

% However the possibility that the number of domestic firms being pushed out of the market be larger than the number of
exporting foreign firms entering it is not ruled out, especially if trade costs are high.

% This is a likely but not certain result, because even though aggregate productivity “at the factory gate” (that is, before it is
corrected to capture transport iceberg costs and the effects of additional trade-related fixed invesments) always increases,
once these corrections are made there is a possibility that @, < @¢ioseq, If T is sufficiently large and By, , fi, and T, are
sufficiently low.

% This could only happen in the case illustrated in panel (b) of Figure 5, never in the case illustrated in panel (a).
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also in terms of welfare per worker- the higher the number of firms in it whose idiosyncratic
productivity surpasses the thresholds for the adoption of technologies M and H, beyond what can be
attributed to the increase in industry average productivity. The reason is that to be in grade of taking
advantage from the technical progress embodied in the higher quality intermediate capital goods used
in technologies M and H and from the higher relative efficiency of the skilled labor they employ more
intensively, the individual firm needs first to adopt such technologies, which will only be able to do if
it possesses a high enough idiosyncratic productivity ¢. Consequently, if there are in the industry
many firms whose productivity ¢ lies above the thresholds for the adoption of the superior production
technologies (that is, if its distribution g(¢) is skewed towards the high values in the domain), the
introduction of technology choice in the model (which opens up the possibility of adopting a superior
production technology if a certain standard is met —that is, if the firm has a sufficiently high ¢ — leads
to an increase in revenue and profits, both for the individual firm holding the required ¢ and for the
industry as a whole, as total and average revenue and profits increase. Welfare per worker also
increases. On the contrary, if there are in the industry many firms whose productivity ¢ lies below the
above mentioned thresholds (that is, if its distribution g(¢) is skewed towards the low values in the
domain), then the introduction of technology choice in the model leads only to a slight increase in
welfare, revenue and profits, as very few firms will be in grade of adopting the superior technologies.
On other grounds, it must also be taken into account that even if technology L is identical to Melitz’s
single production technology and the distribution g(¢) also coincides in both models, the threshold
for entry to the market will be higher here than in Melitz (2003), because of the impact of the costs
associated to technology upgrading. This causes average idiosyncratic productivity to be higher in this
model than in Melitz’s. Finally, if no firm in the industry is productive enough to adopt any of the
superior technologies (that is, if the corresponding thresholds are too high to be relevant), then the
results of the model are identical to those obtained prior to the introduction of technology choice: as
no firm is in grade to choose any of the newly introduced technologies, the situation is virtually the
same as if technology choice had not been introduced.

The explanation behind these results is that firm overall productivity has two components: on the one
hand, idiosyncratic factors (which are captured by the parameter ¢ and cannot be modified —at least in
the context of this model-, and on the other hand, the quality —that is, the efficiency- of the inputs used
for production (namely, the quality of the intermediate capital goods and the skill-intensity of the labor
employed). If we added to this that in the real world it is reasonable to think that in the medium or
long run the quality of the technology used exerts an influence on the firm’s idiosyncratic productivity
—a possibility that in the present model is excluded-, this would lead to the emergence of a virtuous
circle (if the industry is characterized by a distribution g(¢) skewed towards the high values in the
domain) or a vicious circle (if the industry is characterized by a distribution g(¢) skewed towards the
low values in the domain).

The present model shares Melitz’s result that when the economy opens up to trade, increased
competition reallocates market shares toward the more efficient firms, thus forcing the least productive
ones to exit, as they can no longer make nonnegative profits. The productivity threshold to enter the
industry rises and therefore so does average productivity “at the factory gate”. However, because
exporters actual productivity when they arrive with their variety in the export destination is corrected
downward to capture the effect of transport costs, and in the case of “High-Commitment Exporters” it
is also corrected upward to capture the effect of their additional trade-related fixed investments, it
cannot be assured that aggregate idiosyncratic productivity @, will actually increase. However, the
higher the fixed export costs f;L,, fi"., and the effects of additional trade-related fixed investments
Bne, and the lower the variable transport and tariff costs t, the greater the chances that @, will be
higher than the aggregate idiosyncratic productivity in the closed economy setting, thus promoting an
increase in aggregate static welfare. On other grounds, even though the number of domestic firms
decreases in the open economy, the total number of incumbent firms Z; is likely to increase, leading as
well to higher aggregate static welfare due to increased variety.

Another important result of the model is that trade can also induce changes in the thresholds for the
adoption of the superior technologies, M and H, which can become higher or lower. This uncertain
outcome comes as a result of two opposed simultaneous effects at play. On the one hand, trade induces
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an increase in wages, which tends to make technology upgrading costlier (because all costs are
expressed in labor) and consequently pushes upward the idiosyncratic productivity thresholds a firm
must surpass to adopt technologies M and H. On the other hand, it brings about the possibility of
increasing revenue through export sales, which in turn facilitates access to the superior technologies
(which have a fixed cost of adoption) for exporting firms. If the positive effect of trade is larger than
its negative counterpart, then the final outcome is that when the economy opens up to trade the
idiosyncratic productivity thresholds a firm has to surpass to adopt production technologies M and H
will be lower than in autarky, and thus a technology upgrading process will take place. If on the
contrary, the negative effect of the higher labor cost dominates, then both thresholds will be higher in
the Open Economy and upgrading technology will become more difficult. Some firms that in autarky
produced with M or H may even downgrade their technology to L or M, respectively.®? In both cases,
an alternative way to reason these outcomes is to think that when eventually some active firms will be
put out of the market by the negative shock &, their replacements (who in the steady state possess the
same idiosyncratic productivity as the falling incumbents) will enter the market with a superior
technology —if trade induces a decrease in the thresholds for the adoption of M and H- or with an
inferior technology —if trade induces an increase in the thresholds for the adoption of M and H.

If the positive effect of trade is stronger, and consequently the thresholds a firm needs to surpass to
upgrade technology are lower in the Open Economy, then both the absolute number and the proportion
of firms using technology H (which incorporates the best available technical progress and thus
possesses the lowest average variable cost) increases in each country, whereas the absolute number
and the proportion of firms using technology L decrease.®® If on the contrary, the negative effect of
trade dominates and consequently the thresholds a firm needs to surpass in order to upgrade
technology become higher, then the absolute number of firms using technology H is reduced with
certainty in each country. However, it is not possible to anticipate —without making additional
assumptions about the shape of the distribution g(¢) and the cost parameters- whether the proportion
of firms using technology H increases, decreases or remains unchanged —which is the relevant thing
for the determination of the average variable cost. The same is true for technologies M and L.
Consequently, regarding the portion of productive static efficiency that depends on the quality of the
inputs used, in this case the result is uncertain if only domestic firms are taken into account. However,
if all the firms (domestic and foreign) competing in the local market are considered, then the
proportion of users of technology L decreases with certainty as the number of trading partners, n,
increases. This is because all the foreign firms exporting their varieties to the domestic economy are
users of technologies M or H. Consequently, unless the proportion of users of technology L raises
significantly among domestic survivors, the general result will be a decrease in the participation of
technology L among all firms (domestic and foreign) competing in each country. This results in a
decrease in the average variable production cost and average price.

As a result of all the above discussed, we cannot assure that static welfare per worker will always
increase when the economy opens up to trade, which is an important difference with the Melitz model.
However, it is indeed certain that if at least one of these three factors (variety, “final” aggregate
productivity or average variable production cost) are sufficiently better in the Open Economy setting
than in autarky (that is: if at least one of the first two is sufficiently higher, or if the third is sufficiently
lower), static welfare per worker will here too increase when trade is allowed. Meanwhile, dynamic
welfare (based on the capacity of the country to absorb technical progress —which in the context of this
model is done through using better quality capital goods in production) will increase if the proportion
of domestic firms using the superior production technologies rises, especially if technology H becomes
more widely adopted among domestic firms, and will decrease otherwise. Therefore, if the positive
effect of trade is stronger —in which case the thresholds for technology upgrading are lowered-,
dynamic welfare will raise undoubtedly, no matter what the value of parameters and the distribution
g(@) may be. On the contrary, if the negative effect of trade dominates —in which case the thresholds
for technology upgrading raise-, the outcome regarding dynamic welfare will depend exclusively on

62 Bear in mind the assumptions of no depreciation and perfect malleability capital goods.

8 1t is not possible to know a priori whether the relative participation of technology M will increase or decrease in each
country, as the two thresholds that together determine this (the threshold to adopt M and the threshold to adopt H) both shift
in the same direction (they are both lowered).
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the value of parameters (which may be influenced by trade agreements and policy) and the shape of
the distribution g(¢).

Finally, it is worth noting that despite the model presented in this paper does not require that the
superior technologies employ import capital goods —it is only required that the quality of the capital
goods they employ be superior-, if we look at it in the light of the ideas cast in the introduction, then
its results can be reinterpreted in the context of the problem of international technology diffusion.
More precisely, it is possible to think that the country of origin of the intermediate capital goods
employed in each alternative production technology is determinant of such goods’ quality, being this
higher the shorter the distance between the technology frontier belonging to the country where the
capital good in question was produced and the world-technology-frontier. This highlights the crucial
influence that a country’s trade policy, including the choice of its trading partners, may exert over the
productivity level it will be able to achieve, and consequently over its growth trajectory.

Because solving the model requires assuming a specific productivities distribution g(¢) and results
can vary depending on such choice and on the value of parameters, an interesting extension would be
to particularize the analysis by specifying different alternative distributions —with different skews- and
parameter values. This could allow to establish if an equilibrium (or several) may be obtained, and if
s0 is the case, to compare the equilibria obtained in different special cases which may be considered of
interest.
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8. Appendixes

Appendix A: Order of idiosyncratic productivity thresholds for the adoption of technologies L, M and H in the Closed
Economy

As the quality of technology increases, the fixed cost associated to it f; also increases, but the variable cost ¢
simultaneously decreases, enabling the firm to charge a lower price and consequently increase its revenue and variable profit.
Firms with high enough idiosyncratic productivity (those surpassing the thresholds ¢, and ¢j) also increase their total
profits.

In the Closed Economy, each successful entrant to the market faces three options:

1)  Produce using technology L, and earn profits 5 () = E(Pp)°~! icg-%pv-l -fi

2) Produce using technology M, and earn profits Y (¢) = E(Pp)”_lécl},,_”(p"_l — fu
3) Produce using technology H, and earn profits 7 (¢) = E(Pp)”"lic}[‘r(p”_l — fu
Applying the approach of Bustos (2005), it is possible to decompose those profits as follows:

1. Profits earned producing with technology L.:

L
74 (p)
2. Increase in revenue experienced when upgrading technology from L to M:

1
drg" () = E(Pp)" ™ — (e ™® = ci g™
3. Increase in revenue experienced when upgrading technology from M to H:
1
drf" () = E(Pp)*™ — (¢l * = cl o™
This way, the profits associated to each technology option can be expressed as:

1) wi(e) = mi(e)
2) wy (@) = mi(e) + dry (@) = (fu — fi)
3) wh(e) =)+ dri™ (@) + dr)™ () — (fu — fu) — (fu — f1) = w5 (@) + dri™ (@) + dri™ (@) — (fu — f1)
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Thus, the firm will have incentives to upgrade technology from L to M whenever:

mh(@) <y (@) o wi(p) <mi(e) +dri™(@)—(fu—1fi) < 0<dri™(@) —(fu—f) <

1
o dri (@) <-(fu—fi) o drg"(@) > fu—f) o EPp)? (CM —c DT> fu—fi o

a(fu—fi) o(fm—f1) _ oUu-f) fL)

g-1 -t *
o > E(Pp)o—1(cko—ct Q@ > E(Pp)°1(cko—cl0 . Entonces! P = E(Pp)o—1 c o_c1 T(PnYo-1(cl-0_o1-0)
M L M L L

Similarly the, firm will have incentives to upgrade technology from M to H whenever:
g (9) < g (9) © mi(@) + drg™ () — (fu — 1) <7 (@) + drg™ () + drg" (9) = (fu — fL) ©

o—futfi< drdMH((p)_fH +fo o —fu< drf™ (@) — fu o fu—fu < drii'(p) &

o(fu — fu)

o fu—fu< E(PP)U : (Cl 7 - Cl}d_g)(pd_l < (pg_l > E(Pp)a l(cl o _ 1—0) A
M

1
o> M}‘H. Entonces, ¢j; = [

o(fu—fm)
E(Pp)ﬂ' 1(01 g 1— ET) 1 d)

E(Pp)°- 1(C1 a_

1
a(fu—fi) : o(fu—fm) SN
E(Pp)T1(ci®—c}™%) E(Pp)T~Y(cf7~ci )
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o < © <

To obtain ¢y, < @y , it must be true that [

Cl}/l o’_cl% a C}{ o C1 g 1 _ 1 1 1
Ca—l Ca—l co- T~ co- o1
M L H M

Roughly speaking, this means that the neat gain the firm obtains when upgrading technology form M to H must be smaller
“in proportion” than the neat gain it obtains when upgrading it from L to M.%*

Appendix B: Aggregation Conditions in the Closed Economy

The aggregate price, quantity, revenue (or expenditure) and profits can be derived using the expression of average industry
productivity @ in (29).

Derivation of the aggregate price P:

1

o) 1-0
(w)l‘”Mu(w)d<p+f*pé*(w)l‘”Hqu)dw] =

Pu

(2% [
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po )
Om 1 1-0 1 Ph 1 1-0 1 © 1 1-0 1-0
= f (;CL) FLH(</))d<P+f* (;Cm) FMH(</))d<P+f* (;CH) T(,Hllﬁﬂ)d«)] =
PL Pm Py
1
29 1 1-0 o1 2 1 1-0 ot © 1 1-0 o 1-0
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b4 The analytic expression for i is easy to obtain as well:
P . .
fi o1 M fi o1 . M X
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Derivation of the aggregate revenue (or expenditure) R:
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Appendix C: Equivalence between the Aggregate Entry Cost, Total Unskilled Labor Employed Directly or Indirectly in
Setting Up of Business and Aggregate Profits (Final Good Sector
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Appendix D: Aggregate Labor Resources Used to Cover the Export Costs
The ratio the ratio of new “Low-Commitment Exporters” who use technology M to all “Low-Commitment Exporters” who

M M
use technology M is p”‘ﬁ;"—”j\‘f = & because the Aggregate Stability Condition for technology M implies pMz, = sM.

inlex

Analogously, the ratio of Low-Commitment Exporters” who use technology H to all “Low-Commitment Exporters” who use

H H
technology H is p””,;"—pi;‘izé = & because the Aggregate Stability Condition for technology H implies p!! Z, = 6H. Finally, the
inlcx
ratio of new “High-Commitment Exporters” who use technology H to all “High-Commitment Exporters” who use
H H
technology H is %”i;‘{z‘? = & because the Aggregate Stability Condition for technology H implies p¥. Z, = 6H. In general

inhcx
terms, the ratio of the new exporters with commitment level i who produce with technology T to all the exporters with
. . . . phiPhZ,
commitment level i who produce with technology T is % =34.
Appendix E: Comprehensive Measure of Aggregate Productivity in the Open Economy

~0-1 _

P =

1 L ou o-1 M o o-1 H o -1
Zt[Z(wazqo wpydp+7 ], 9" Wl @)dp +3 . ¢ ﬂ(¢)d(p)+

T

* o-1 *[X o-1 o (2+840) o-1
n /n7f§+”2<9f22((-f) u(p)dp +(1-6) [ 72 (%) /z(rp)dtﬂ>+n fni’li"”Z(f L (2B wpydp )| =

T. Phex
1|, rem ga Vi g1 © o1
Zt[Lf(,,;(p up)dp +M [ o (@) dop +H [ . ¢ () dep +

1 oy o 1 (Phey o 1483\ oo )
n ,-,,75,”{*”2(0;[42{1 ¢ ulp)d +(1-6) 5 [ w”lﬂ(rp)d¢)+npfu’2’l§+”2<({—f")) fq,;m(p“/z(w)d(p)]:

7 _ 1_ A+B " .
qole{J ! +( 1 "9) ﬁ goH]CX” ]) + n, 11;;JZ+HZ ((—T §0HIJC,\'J =

1
- [Lzbf'f + My +Hp ! +an+M+”z( 07
t

inlcx

[ oz -1 -1 1. -1 1. -1 A+B\ . -1
quLn +WM0 +H¢Ha +nHP1L'nJ;LI‘Z+HZF q”MICXU +n(1'9)p14117g+ﬁ Fwﬂlcxa + ”plL'nZIZfHZ (TI) ¢H[1L‘Xa ]:

|~

[ o -7 -7 1 -7 1 -7 U\ -, -7
Lo, +Mpy”" +Hpy” +”P%15;{M; Pwicx” +”PZJCXH; Pries”™ + 1P jpexH (_TI) Prnes” ]:

[ 1 1o 1 1 . (CE72) P
L@, J+M[@n"" + ”p%cxz P 1+H[PH” +”pﬁjcxz Priex”™ +17szth( - ) Prnex” 1]]

N|w

Appendix F: The Impact of Trade on Aggregate Welfare

Welfare (W) per worker, both in Autarky and in the Open Economy is measured by real per capita income/expenditure,
which is obtained dividing aggregate real income (or revenue), g by the number of workers constituting the labor force in the

home country, U + S. By its definition R = PQ and at the same time aggregate revenue adds up to total payments to the labor

force (R = U + S), which yields W = % = } - Thus:
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